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COMMUNITY NOISE
Clifford R. Braydon, Ph.D.*

The magnitude of the existing urban noise problem

is presented in terms of its acoustical characteristics
and énvironmental impact. The current status of com-
munity noise research, inciuding acoustical as well

as social analysis is summarized. Implicated envir-
onmental health effects involving potential hazard-
ous and nuisance responses to community noise are
identified. Public as well as political recognition
of community noise is compared to other environ-
mental problems. Existing and proposed noise
management programs at various governmental levels

are assessed in terms of their relative effectiveness,
including protecting the public's interest. Presented
are examples of a few existing programs that
sufficiently address the problem. The current
inadequacies and requirements for more active

and comprehensive noise management programs are
apparent. Effective coordination of environmental
programs at all governmental levels is also needed.
Present governmental policies and their ability

to successfully control community noise is discussed
including considerations in establishing standards.

I.  INTRODUCTION

Noise associated with urban activity is rapidly becoming a subject of
professional interest and environmental concern. The purpose of this
paper is not only to appraise the status of community noise, but also
to discuss directions for future activity. It is increasingly apparent
that the magnitude of the problem is as pervasive as society itself, and
its resolution requires a commitment still to be totally recognized by

society.

*Associate Professor, Department of City Planning, Georgia Institute

of Technology, Atlanta, Georgia 30332.

Noise Consultant, U.S. Environmental Protection Agency, 0ff1ce of Noise
Abatement and Control Washington, D.C. and Region IV, Atlanta, Georgia.



IT. NOISi. LEVEL CHARACTERISTICS

Commnunity noise studies, which are increasing in number, generally
report similar conclusions. That is, noise intensity, although varying
with the type of geographic area and activity, can be generally categorized.

In urban situations the residual or ambient noise level is fairly
typical (defined as L90) with a slightly greater deviation in the mean
level (LSO) and transient noise which intrudes above the ambient (L]O).]

A. NOISE SAMPLING ‘

There are several major weaknesses with current noise investigations
that 1imit the general applicability of their conclusions. Based upon most
community noise sampling techniques, the data obtained should not be
considered respresentative of the city or of the urban area as a whole.

More rigorous sampling designs are necessary before such general-
izations can be made.2 Obviously within the same city, significant differ-
ences in the noise climate can be observed. In Philadelphia major
variations have been noted in similar residential areas due principa]ﬁy
to the characteristics of adjacent street activity.3 Therefore a
determination of the required number of sampling stations must be
statistically derived.

A second concern is the sampling time utilized for each sampling
site or location. Considerable error has been observed, depending upon
the saipling time chosen, characteristics of the noise source, and

sampling instrumentation.q’s’6

Many state highway or departments of
transportation are developing a variety of néise sampling techniques’

to caiculate existing traffic flow rates over time. However some

state established sampling guidelines do not always produce reproducible

data and consequently the data obtained has questionable validity,
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Thirdly, there are a variety of environmental noise rating_methods,
but no one method is consistently used. Current research is underway
to overcome some of these present limitations, including a major
Federal interagency noise research program to establish a reliable
sampling methodology. This subject is also of considerable interest
to professional societies including the American National Standards
Institute, $3-50 Committee (Qutdoor Evaluation of Community Noise)
which i< completing a draft standard for measuring community noise.
Certain municipalities such as New York are in the process of developing

more satisfactory noise sampling procedures as well.

B. NOISE GROWTH

There is no doubt that as a by-product of our power- or1ented
technology, the environment is experiencing a rise in the noisé level.
However, despite earlier opinions that this rise is equivalent to one
decibei per year7 there appears to be no supporting evidence, If this
statement were true then our environment would be continuously exper-
iencing a noise climate similar to the occupational environment.

In Germany, a survey team found that between the years 1938 and
1958, street noise i1n sections of Berlin and Dusseldorf had risen 8
decibels, or less than half a decibel per _year.8 Within the United
States, based upon very limited historical data where land use has not
significantly changed, the increase has averaged approximately 2 decibels
per decade..I

Appropriate environmental noise monitoring is necessary to establish

a "sound quality level" just as quality levels are being developed for
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both air and water quality. Well designed Tongitudinal studies

should therefore be instituted in a variety of'stab1e and changing
environments to accurately assess community noise temporally and spatially.
The U.S. Environmental Protection Agency, Office of Noise Abatement

and Control, in compliance with the provisions of the Noise Control

Act of 19729 is establishing a longitudinal environmental noise

sampling program to be ultimately implemented within the ten Federal
regions.

Established state and municipal noise control programs should also
be encuiraged to dévelop valid historical noise data for selecte.
geographic areas. The City of Chicago Department of Environimentul
Co..trol is currently proposing an investigation of this type for the

purposes of evaluating their noise control program begun ip July, 197! 10,1

C. NOISE EXPUSURE

Perhaps more important than the rise in the level of noi§e is the
ir reasing numbers of the population exposed. This has occurred due to
a variety of changes in our life style including density, urbanization,
power generation and mobility.

1. Density

Patterns of human settlement are becoming more lense. ihe

popuiation per square mile has risen from 37 2 in '3. o .5

12

in 1970. However, the population is not equally distributed

geographically. Approximately 70 per cent of the U.S. inhabitants

live on two percent of the land ar‘ea.]3 This means that over 142



million people occupy approximately 74,000 square miles in
a country having over three million square miles. By 1980,
this percentage is expected to increase to 75 percent or three
out of every four Americans living on two percent of the land.
2. Urbanization

Urban living is the predominant choice of human settlement.
Today over 73.5 per cent of our population (1970) lives in urban

12 The current

areas compared to only 56.5 per cent in 1940.
urbanization trend is expected ‘to continue and by 1980 approxi-
mately eighty percent of thé U.S. population will be living in
urban areas.
3. Power Generation

This country is producing and consuming enormous émounts of
power and energy. The rise in the total horsepower of all prime
movers (i.e. automotive, aircraft, railroad, étc.) between 1940
and 1970 has been approximately 900 per cent.]2
4. Mobility

The U.S. population is highly mobile, more mobile than any
other country. Based upon motor vehicle data, the total number
of vehicle miies traveled has increased 233 per cent since 1940.]2
Contributing to this mobility is a roadway transportation network

" 0f greater concern 1s that vehicle

exceeding 3.7 million miles.
(a11 modes) is increasing at twice the urban population growth
rate.

With an ever growing population locating in urban areas, expending

larger and larger amounts of power, becoming increasingly mobile, the



accompanying noise impact is proportional to this growth. Perhaps the
most critical factor is mobility. Urban activity patterns are rapidly
changing. No longer is transportation primarily a day-time activity.

A prime example is major airports utilizing commercial passenger
aircraft during off-peak hours to handie residual commercial passenger
traffic and air freight. Nighttime aircraft is a major cause for
community annoyance. At the Atlanta International Airport there are 37
scheduled commercial flights between 3 and 4 A, M. and 53 between 5
and 6 A. M. A growing number of airline passengers are being attracted
to these "early-bird" and "owly-bird" flights since there is significant
reduction in the fare over the normal "daytime" ticket prices. Beside
aircraft activity build-up in off-peak periods, truck traffif follows
a similar pattern. A higher percentage of truck traffic occ@rs at night
and early morning hours than other traffic (i.e. automobi]e,ibus, and
motorcyci:j.

Cont -ary to popular opinion {t appears that mobility is a more
accurate predictor of noise generation than land use. Oftentimes

noise associated with fixed land use activity is transportation dependent.

ITI. ENVIRONMENTAL HEALTH IMPACT

The impact of noise upon health has been examined in community
noise research but to a'very 1in .ed degree. A matrix was developed to
notate implicated health effects of noise3 using the World Heulih
Organization definition of health (" a measure of physical, mental, and

social well-being, not merely the absence of d1'sease.“)]5
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Strategies for community noise problem solving could be established
based on general environmental health indices, recognizing the existing
limitations of the data and the need for further research,

A. HEARING LOSS

It has been suggested by Ward, among others, that the basis for
establishing Federal environmental noise guidelines should be hazards
to hearing and speech inter*fer‘ence.]6 Both of these health related indices
are well investigated in laboratory as well as field research. Nonetheless,
the relationship of hearing loss to non-occupational exposure is not

completely 1‘dent1‘fied,]7 even though Cohen has proposed guideHnes.]8

The basis for speech interference has been well identified.]g’zo
Based upon vocal effort and distance between communicators, background
noise levels have been established that can be applied to the community
setting. Interference with speech is commonly observed in airport
communities. Residences, hospitals and schools are generally the most‘
affected. Aircraft noise can have an adverse. effect upon the educational
process creating among other phenomena, thé undesired "jet pause."
These intrusions eliminate communication and disrupt the spontaneity
and rhythm of learning as well as affect classroom discip]ine.2]’22
The total number of educational days lost over a period of time may
well be sizeable. Community noise as an intrusive factor affecting
the quality of education needs to/be thorouéh]y investigated.

The related impact of speech interference affecting the socialization

process, entertaining, and friendship formation also need to be further

researcned.



B. SLEEP INTERFERENCE

Althought most héalth related noise research has concentrated on
hearing loss and communication, noise relating to sleep interference is

.seful area to explore. Limited research has been conducted to assess
sgecifically the role of noise in affecting the sleep state, but it is
known that all stages of sleep including REM (rapid eye movement) can
be disrupted by noise?3Fnrthermore, the noise level necessary for this °
disruption appears to be relatively low (40-50 dB(A))?4’25

There are degrees of sensitivity which become more severe with
increasing noise levels. The initial response to noise stimuli is a
change in the brainwave pattern (electroencephalographic response)
usually altering the stage of sleep. This is normally defined as sleep
arousal; however, the individua] does not actually awakegF With increasing
noise intensity there is behavioral awakening where the subject is no
longer sleeping.

The adverse impact o% noise upon sleep is not completely known,
but sleep disruption does affect the quality and duration of sleep.

.ereiéppears to be considerable variability among fhe population.

.ed on limited data, women are more sensitive to noise during sleep
‘tan men and older subjects are more sensitive than middle age or
younger subjects (children 5-8 years of age)?7'we can establish a
cetegory of low sensitivity (heavy sleepers) ana one of high sensitivity
v ight sleepers).

Aithpugh tnere is some degree of adaptation among a portion of

s.bjects observed, the population does not generally adapt to noise



while sleeping. The length of time required to return to sleep after
being awakened (sleep defined as sleep stage 2) by aircraft noise
averages 5.3 minutes among women.27heavi1y jmpacted airport communities
are experiencing a considerable amount of sleep loss. Based upon data
from an investigation of Philadelphia in certain residential areas,
this loss was equivalent to one hour per night.3

Sleep disturbance is a primary basis for community noise annoyance,
particularly at night. Although sleep interference in itself rniay not be
hazardous to health, compensatory methods employed to "adjust" to this
condition may be necessary. A portion of the noise affected population
resorts to medication to induce sTeep?’16!2€hrrent1y I am investigating
the extent of barbituate usage by the population in two airport
communities (Atlanta and San Juan, Puerto Rico). The use of common
over the counter sleep preparations containing certain drugs (i.e.
scopolomine) has been reported under certain circumstances to cause
mental health problems, including hallucination and behavioral dis-
orfentation?g Further research is needed to determine the affect of low
acnages for extended periods of time’as well as the prevalance of use
in communits noise environments,
C. MENTAL :itALTn

The relationship between environmental noise and mental health is
cu.rently inadequately defined. Very few investigations have attempted
to examine large scale populations, or communities. There are inherent
problems in developing an adequate research design and methodology that
will provide satisfactory for analysis purposes. However, as Réne

Dubois has remarked the "elusiveness of the problem is no excuse for
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ignoring its importance or neglecting its study.'30

Reviewing the present literature, Miller concludes that noise
induces neither neurotic nor psychotic i]]ness.Z] There are, however,
negative mental consequences of noise which suggest that noise ajggravates
rather t- .n precipitates behavioral disorders? Based upon ﬁn epidemio-
logical -tudy of mental hospital admissions in two locations, Abey-Wickrama
re; nrts Lnat the highest admission rates were found closes to London's
Heo throw Airport%l Subsequent research by Herridge appears to support
this earlier finding:32

Lower order méntal health effects, primarily annoyance respuusé,
hav. been commonly observed in community noise studies. The relationsiip
he.i.2en the perceived intensity of community noise and its believed
harmful effect upon health (mental as well as physical) has been founu
to be statistically significant.3:33:3% praqominant behavioral responses
include anger, irritability and increased nervousness as repo?ted among
one-third of the respondents in the Philadelphia community noise survey.
"It has been suggested that community response is a satisfactory gross
indicator of behavior.

Unfortunately opinion varies as to the mental health significance
of community noise response. Johanssan postulates that individuals who
are not annoyed by their noise related environment may be less well
ada; ted to reality than those who are annoyed‘r.’8 Others contend essentially
the opposite. That is, that the population complaining generally repre-

sent those having mental health problems. It is important to determine

wr.i portion of the mental health population is noise sensitive. This



-11-

portion is then defined as the population at risk. The Council of
Europe suggests that those predisposed to mental stress (i.e. with
existing neuroses) may be adverse]y affected by noiseB.(S Hallucinatory
behavior among certain schizophreﬁic patients may well be triggered
by a noise stimulus. I have obsq?ved that noise can create increased
nervousness among methadone mainﬁenance patients.

Extensive research is needéd in these areas to more effectively
identify mental health symptoms{and to relate thesé to noise sensitivity
using rigorous research designs., Community noise investigations in the
future will require professional input from community psychiatry as well
as other health-related disciplines to satisfactorily achieve this

goai.

IV. NOISE MANAGEMENT

Environmental noise management is the key to abating community noise.
However, the performance record to date has been inconsistent. A primary
probiem has been the inability to translate this publically expressed
concern into a governmental priority or program. duite often the public
has considered noise a major problem area, while governmental officials

have been insensitive.

There have been varying degrees of governmental activity in con-

trolling community noise. Initiated at all levels of government, the
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results to date have ranged widely. Despite the present mi}ed results,
governneatal involvement continues to increase. é
A. Legislation
H .torically the primary interest in commﬁnity noise has been ex-
+ seu at the municipal Tevel. The earliest noise regulations within

36 It

Uniied States were municipal ordinances dating back to 1850.

not nowever until the early 1900's that a national concern fu-
no. e control began tﬁ develop. Even by 1930, there were less than 2
American cities with Taws regulating noise, and those in existence
were narrowly defined and non-quantitative in nature.

There have been several historical events that have sQaped the
evolution of environmental or community noise ordinances s%bce that
time. These events include: |

1. Publication of City Noise prepared by the Noise Abatement
Commission for the New York City Department of Health in 1930. 37

2. Adoption of the motor vehicle control ordinance by Memphis,
Tennessee in 1938.38

3. Publication of the National Institute of Municipal Law
Officers (NIMLO) mc-iel ordinance prohibiting unnecessary i0isc in ]94P.J9

4. Adoption of the performance zoning ordinance by Chir. you.
ITlinois in 1955, a. developed by the Armour Research Founda150ﬂ.40

5. Enactment of the Noise control sections of the Vehicle Code
by the California Department of Highway Patrol in 1967.4]

6. Adoption of the City of Inglewood, California, noise ordinance

in 1969.%2
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7. Publication of the revised National Institute of Municipal

Law Officials (NIMLO) model ordinance in 1970.%3

8. Adoption of the revised City of Chicago noise 6rdinance in
1971. 44

New York Mayor Jimmy Walker gave approval to the Commissioner of
Heaith to establish a Noise Abatement Commission for studying urban
noise and recommending solutions. Appointed in 1929 this Commission
(the first ever assembled) completed their report entitled City Noise
within one calendar year. This widely circulated report represented
the first definitive statement of the city noise problem and the recom-
mended Taws for controliling noise were suBsequent1y adopted by many
cities beside New York.

The primary noise provisions included muff]er requiremgnts for
motor vehicles and other internal combustion engines, restrictions on
bui]d%ﬁg devg]opment in residential areas between 5:00 P. M. and 8:00
A. M., prohibiting the use of horns and whistles, regulation of peddlers,
hawkers and vendors, and prohibiting excessive noise from mechanical
or electrical sound making or reproducing equipment. Although both
stationary and mobile noise sources were identified, tne report did
not discuss industrial related noise activities in any drtiil,

Mempnis, Tennessee, proclaimed the quietest Aucrican .. vy,
ador. :ed several of these provisions in their municipal noise ordinance

regu.ating vehicles in ]938.38

Although it does not specify permissible
sound levels in decibe’s this nuisance type or nor-quantitative ordi-
nance has become one of the most successful regulations due to an

act. e enforcement program.
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Recognizing there was a need to provide guidance to municipalities
establishing proper legal noise ordinances the National Institute of
Municipal Law C“f:.(~s  IMLO) in 1948 prepared a research report enfit]ed
"Muricip.i worirol of Noise- Sound Trucks- Sound Advertising Aircraft-

39 This report d.sseminated

v ‘cescary Noises- Annotated Ordinances."
all NIMLO members was later referred to as the "NIMLO Model Ordinance
Jronibiting Unnecessary Noise." This model to date has been responsible
for most ordinances drafted in the U. S. In a study conducted for the
U. S. Environmental Protection Agency 29 out of 83 1oc§i jurisdictions

45 Although the NIMLO ordinance was

(35%) had enacted this NIMLO model.
a fuﬁfher refinement of existing ordinances at the time, it failed to
include quantifiable noise limits.

}n 1955, the most influential zoning ordinance, Festricting noise
related land use activity became law. Adopted by Chicago this regulation
contained quantitative noise emissions expressed in deﬁibéls for various
octave bands. It represented a new approach to zoning which placed
restrictions not on the type of industry (i.e. light manufacturing, heavy
manufacturing) but rathef on its performance in terms of noise emission,
For the first time industry was being regulated according to specific
acoustical criteria rather than by the more vague nuisance pfdvisfons.

“his development now required property line measurements using sound
measuring instrumentation. Although initially not enforced, other
jurisdictions began to adopt similar provisions in their zoning ordinances.
A “ew c:ties also started establishing vehicle noise emissicn require-

"ts expressed in decibels by 1952-53 (Seattle, washington ond Cincinnati,

7, r\,pectively).46’ 4
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Not until 1967 was there an effective vehicle noise control law
a;d program established by a government agency. The California Vehicle
Code represented the first with quantitative noise emission limits
requlating new vehicies sold in the state as well as existing vehicles
operatinc on highway;.q]

- Ca"ifornia again took the lead in establishing tne first compre-

v .~ive community noise ordinance and program when Inglewood end:led
. their ordinance in 1969. Many elements of the Inglewood program nave
. oeen emulated by other jurisdictions, including specific acoustical
Jrovisions. 4 _ : y

In obvious response to the need for an enforceable no%&e ordinance
AN ) mou.iied tneir earlier model and proposed decibel proéisions as

an -lternative in 1970.%3

Included now are limiting noise levels for
use dis ricts (i.e. residential, manufacturing, and commercial), as well
as : oto vehicles.

Mo - regent1y the City of Chicago has adopted a fully revised noise
ord.qance, éurrent]y the most comprehensive in existence.44 Thic newly
rej“veqated noise program has generated national attention and is bec. u ug
a yardstick by which most other jurisdiction§ are compared. The .nflur .ce
of both Chicago and to a 1esser_extent NIMLO are just beginning to be
noticed. Numerous cities are either recommending revisions or proposiny
new laws .asnioned after the Chicago type program.

*
Toda there are over 175 municipalities in all fifty states

encompass . a nopu]atioq of approximately 47 million, or 23 per cent

*
Refers to a city government, not a borough, township or county jurisdiction
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ol the total U. S. pnpulation.47 However, a sizeable majority, 857

of those enacted are nuisance type ordinanceg. That is, they Have no

specific acoustical criteria consequently they are generally vague and

unenforceable. However, the predominant trend among most cities is to

ame1d e-isting or promulgate new ordinances containing specific noise

lecel -ovisions. Consequently, the number of performance type regula-
1S are on the rise supplanting nuisance type regulations.

Federal response to the problem of community noise is a comparatively
~ .ent development with a legisiative history dating back to the passage
oi the National Environmental Policy Act effective January 1, 1970.48
For the first time this law required all agencies to include in every
recommendation or report on proposals for legislation or other Federal
actions, significantly affecting the quality of the human environment,

a detailed environmental impact assessment. Noise, among other environ-
mental factors was to be considered in the assessment.

Subsequent environmental impact guidelines issued by the Council
on Environmental Quality established Federal agencies to be consulted
.5 connection with preparing environmental étatements.49 Five Federal
ajencies were designaied as having special expertise in noise.

The passage of this act, followed Tater by guidelines was a major
imul .ot for Federal noise criteria since these agerc:ics were now
juired to adopt administrative review procedures. Amuig fhe most

n..able are the efforts by the U. S. Department of Housi t and Urban
Jevelopment, and U.S. Department of Transportation, Federal Highway

Admini:,ration.so’S]
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Theré‘are presently thirteen states that have established similar
environmental impact organizations and procedures, several modeled after
the Federal program. Noise is being considered to varying degrees by
these state programs. California and New York appear to bave established
the most comprehensive noise provisions.

A second major Federal thrust was the passage of the Noise Pollution
and Abatement Act as part of the Clean Air Amendments, Title IV, on

December 31, 1970.°2

Although there had been earlier attempts to coordinate
Federaf noise programs until this time they dealt principally with air-
craft, through the Federal Interagency Aircraft Noise Abatement program.53
Among other provisions this act established the Office of Noise Abatement
and Control with the U. S. Environmental Protection Agency? It was
mandated by Congress to prepare a status report on communigy noise as
an environmental probiem, including making appropriate recémmendations.

As a result of EPA's report to the President and Congress,54 as
we.. as significant Congressionai and constituent interest, the Noise

Control Act of 1972 was enacted October 27, 1972.%3

This Act, if imple-
mented, will bring about the most profound changes in controlling noise
to date. It is the purpose of this Act to:

"estab]ish a means for effective coordination of Federa: research
and activities in noise control, to authorize the establishment of
Federal noise emission standards for products distributed in commerce,
and io provide information to the public respecting the noise emission

and noise reduction characteristics of such products."43
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B. Implementation

Despite the increasing number 6f laws being proposed and many subse-
quently enzcted the future status of community noise control remains -
ques tionsble. If quieting our environment were based upon the number
oi ordinances and other regulations passed by our governing bodies; or
if 1t were determined by the number of public pronouncements, pub]ic'
hearings and associated rhetoric; then the ultimate objective of a
quieter environment would be at hand. Unfortunately it is ﬁot for a
variety of reasons, all of which involve implementing what the law now
specifies.

Despite the fact that there are over 175 ordinances regulating city

noise, a survey conducted by EPA47

and updated by the author indicates
less than 20 cities have adopted budgets to oberate noise control pro-
grams (See Table 1). Since 90% of the ordinances are not supported by
budgets for enforcing existing noise laws, most cities have only "paper
regulations.” Noise is allowed to persist even though regulations,
varying in quality, do exist.

In 1972 approximately $650,000 was being expended annually by cities
¢ :on-occupational noise control programs. This is equivalent to 1.6
ceants per capita for those cities having noise laws. The bulk of this
amount ($482,000) represented the combined budgets of New York City,
Cnicago, I1linois and Inglewood, California. Of the “big three” New

Yor.. had the largest budget, but also the largest population served.

On a per capita basis Inglewood leads the country with a per capita



-19-

o

I
expenditure of $1.98 compared to Chicago, the second highest of 7.6 cents.

In terms of manpower, New York has the largest noise control staff,
43, which 1ncludes 23 directly assigned to the Bureau of Noise Abatement
and 20 :.spectors which are currently assigned to the Bureau of Enforce-
meac of ‘i.e Department of Air Resources. Second is Chicago, with a fuli-

st } numbering 23 in their engineering and enforcement divisions.

e wtal, 19 are professionals while the remaining four are secretarial

At clerical support personne1.59

The}e are problems at the Federal level as well. The environmeni.l
.npact statement process has several loopholes that can minimize its
effectjveness. First of all the Federal agency sponsoring a project is
responsible for preparing the impact statement. If for example, the
proect is a proposed airport or highway, then the spnsc~ing agency
is the U. S. Department of Transportation. Although «the - auzncies may be
required to comment or evaluate a project the ultimate r e, rests
with the sponsoring agency. This has been likened to putt.ng the
"wolf in the chicken house." Negative comments about poc<sible noise
generation can be disregarded or minimized if the sp.u.or <o desires
witnout any governmental recourse. The Council on Environme-tal Quality
has only an aavisory responsibility and cannot regulate.

Gerierally sbeahing the environmental impact process has oeen
sucessfui in at least waking the sponsor aware of noise as a possible
‘ehvironmental pbe]em. ?urthenﬁore, fhe qué]ity of these impact

st. ements is improving . However, all too often the concern of noise
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has:not"been adequately treated. Until recently this has been the
case especially with highway and airport projects.56

Other problems have involved enforcement of existing Federal noise
standards or criteria. Because of the regional nature of administering
Federal progranns there appear to be discrepancies in eniorcement of
no«~ > standards enacted in Washington. There are varying degrees of
co'p}iance with both DOT and HUD guidelines depending upon the specific
geographical region of the country.

Lastly, some Federal grant programs are being administered with
noise requirements that may create or influence compatible 1and use
deveiopment while others are not. Under the provisions of é%e Airport
ancd Airways Development Act57 municipalities are eligib]eto%receive
fioo the "AA Federal assistance in expanding or constructing an airport
fac..ity. A]though they do recbmmend that airport noise contours be
ge. .oped for the site, there are no requiremeﬁts that incompatible
lana use development be restricted, to avoid futurc reLideitial encroach-
ment. Federal airport development assistance should be contingent on
the submi<sion of an effective land use management program (e.g.
zoning, bdivision regu]ationé, site design review procedures, etc.)
by tne municipality to insure that future compatible land use

development will continue to occur.



TABLE 1
MUNICIPAL NOISE ABATEMENT EXPENDITUR:S

crry POPULATION ANNUAL BUDGET ' (IN THOUSANDS UF DOLLARS)
{0 1970 1971 ) 1972
New York, N. Y. 7,895,563 $ S5 $ 150 . $ 200
Chicago, I11. 3,369,359 40 93 163
Inglewood, Ca. 89,985 ' 132 119
Las Vegas, Nev. 125,787 : 50
Philadelphia, Pa. 1,950,098 14 26 27
Boston, Mass. 641,070 25 25 38
Atlanta, Ga. 497,421 25 25
Honolulu, Ha. 324,871 5 10
Dallas, Tex. 844,401 1 3 6
New Orleans, la. 593,471 4 4
Freemo..t, Ca, 100,869 2 2 3
Colurbia, S.C. 113,542 1 2 2
Minneapolis, Minn. 434,400 2 2 .2
TOTAL 16,980,837 $140 $469 $568
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INTRODUCCION A LA ACUSTICA,

DEFINICIONES,
ARQ. EDUARDO SAAD ELJURE, NIVEL DE PRESION DE SONIDO.
ARQ. CARLOS CASTELLANOS F. DECIBELES o

NIVEL DE POTENCIA ACUSTICA.
ESCALA LINEAL Y BANDAS DE FRECUENCIAS.
PROPAGACION DEL SONIDO.

INTRODUCCION,

Cualquier problema de ruido y vibraciones depende de siste =
mas compuestos por tres elementos b&sicos: La fuente sonora, el Mgdio donde
se transmite y el Receptore -

Antes de solucionar un problema complejo, deben tomarse congi
deraciones en los sigutentes aspectos :
a) La fuente productora del ruido debe ser conocida,.

b) Las caracteristicas de la transmisién del fenbmeno deben ser
comprendidas,

.c) Se\debe adoptar un criterio para considerar el nivel de rui-
do permisible o deseable en cada situacién,

Estos tres elementos'no necesariamente actuan independiente
mente, la potencia sonora que es radiada, depende del medio ambiente alrede-
dor de la fuente; por ejemplo una miquina puede radiar mfs sonido si es colo
cada en la esquina de un cuarto; una voz aumenta o disminuye su intensidad

{

dependiendo del tamafio forma y caracteristicas de reverberacién de un cuarto

en el que este hablando la persona,

La forma en‘que setransmite el sonido puede ser afectada por
detalles acGsticos de la fuente y del escucha; asi tenemos que la fuente so-
nora puede estar en mevimiento, puede ser intermitente, etc.. por otro lado,

el escucha puede estar sujeto a diferentes ocupaciones, su estado animico

puede ser muy variable etc,oo0



Hie

De tal forma que la actitud de las personas hacia el ruido

puede ser influenciada no solo por la naturaleza del sonido y sus caractefisticas

de propagacién, sino que la percepcién del ruido esta sujeta a las mas varia
bles condiciones de subjetividad. Todas estas consideraciones enfatizan que
cada problema de ruido esta complicado con un sistema de interacciones de

los elementos que anteriormente citamos,

El control de ruido no solamente se puede referir a reducir

@
el sonido indeseabley, por ejemplo : En una oficina moderna de disefio abierto

'"sin divisiones aisléntes, el ruido de fondo puede ser aumentado cuidadosamen

te controlando las cualidades tonales, con objeto de enmascarar o encubrir
los sonidos indeseables producidos por los ocupantes con sus miquinas, cal-
culadoras, los elevadores, el ruido del trénsito, asf la molestia causada
por el ruido natural, puede ser reducida afiadiendo mfs ruido.

La solucién 'de un prbblgma de control de ruido involucra ge-
neralmente multitud de aspectos, El costo de la proteccién del oido de cada
trabajador de una planta puede llegar a ser prohibitivo, de tal forma que el
riesgo de dafio podrfa ser aceptado por algunos trabajadores; la solucién po-
dria consistir en una combinacién de medidas de reduc;idn de ruido, la ins-
titucién de un programa de pruebas audiolbégicas para seleccionar aquellos
trabajadores que'tuvi;ran oidos sensibles, los que deberian ser transferi -
dos a otras labores y un plan para compensar a los pocos resfantes que su-
frieran alguna pérdida auditiva,

Control de Ruido en la Fuente.- Una fuente sonora es creada por el movimien®
de un sélido, un liquido o un gas, Una fuenteAsélida puede ser reducida si
su forma de operacién es cambiada!,de tal fé?ma due su movimiento se reduz-
ca tambien; por ejemplo al reducir las fuerzas que producen el movimiento,

ya sea rigidizando, dejando-libres o aislando total o parcialmente la estruc

tura,

[3



Las fuentes sonoras en liquidos y gases, pueden ser reducidas
eliminando las turbulencias; reduciando la velocidad del flujo, suavizandolo,
o atenuando las pulsacioneb de la presibn, E1 control de ruido en la fuentéf
planeado durante la étapa de diseﬁo'del producto, es usualmente la medida
mas eficaz y menos costosa para 6ptimo funcionamiento,

Control de ruido en su medio de propagacibn,- Muchas de las
medidas correctivas para un problema de control de ruido consisten en modifi
car la forma de transmisién de sonido en el medio, En esta parte estan inclu
idos el control del ruido al aire libre,,en los recintos, a traves de las es
tructuras y en los ductos, Las posibles soluciones podrian ser barreras, mate
riales porosos, cambiar las relaciones entre las mﬁquiﬁas, silenciadorés, ais_
lamiento de vibraciones, etcs,

Las necesidades del Escuchas- E1 nivel al cual un ruido debe ser
reducido para ser aceptable por el oido humano, algunas veces requiere del
juicio, tanto del usuario, el consultor, como del propietario del edificio
o la miquina, Un criterio para un buen contro} del ruido ﬁara los escuchas
égpende de lo que se desee lograr: Conservar el oido, crear un ambiente pro-
éicio pera la conversacién o proveer comodidad en el hogar, en el trabajo, o
en los vehiculos de transportacibén, Los primeros dos aspectos qﬁe antérior-
mente sefialamos estaé evaluados ya en una forma bastante aceptable, pero la
comodidad pude depeﬁder de actitudes mentales, las cuales pueden ser muy va-

¥iables o ;ncluso cambiar repentinamente,

Que es el sonido,~ Es palpable que el‘ruido aumenta dia a
dia, lo vemos en todos los medios en donde se lleva a cabo cualquier tipo de
actividad; ya sea en el trabajo, en la oficiﬁa, en el hogar, en las calles,
etc,ee Para definir el sonido es necesario.establecer como se manifiesta, co

mo se transmite en los diferentes medios y como lo capta el hombre,

El sonido es una vibracifén que se transmite a traves del aire,

los liquidos y los solidos eldsticos; en donde las moléculas se mueven en fir



ma de compresiones y depresiones concentricas esféricas, transmitiendo la
energia una a la otra, \ e
Antes de establecer las unidades en que se mide al sonide,
08 neeesaris cenoeer como responde nuestro oidoe El oido humano es un or-
gano muf sensible, con cualidades que lo mismo,le permiten distinguir la in-
tensidad y la frecuencia del sonido, aparte de estas dos caracfgristicas po-.
demos determinar que instrumento es el que esta produciendo un sonidé, o sea
el timbre y tambien podemos Qistinguir de donde viene el sonidg, porque te=
nemos dos canales (oidos), que nos permiten saber la direccién de donde pro-
viene, Ademas de esto discrimina ruidos indeseables, fijando nuestra aten-
¢ién en lo que deseamos, A medida que se va afegtando el oido con las al-
tas intensidades de sonido a que estamos sujetos en nuestras ciudades, va
perdiendo estas.caracteristicas y en estudios que se han hecho se ha encon-
trado que un gran porcentaje de los habitantes de las grandes ciudades se en
cuentran afectados, Se ha comprobado que personas que estan duémiendo cerca
de una calle residencial tranquila, con el ruido que produce un automovil
normal, sin despertar la persona, cambia su presidn sanguinea, segrega ju =

gos gastricos y esto se supone/due puede favorecer a la creacién de Glceras,

infartos y demas malestares,

€

Para evaluar el sonido es necesario establecer sus dimensio-
nes: En 1° lugar la intensidad, que es la dimensi6én que nos va a dar la me
dida fisica en watt/m2, En esta dimensién la mixima intensidad que el oido
puede aceptar es de 10l watts/m2 y el minimo para escuchar es de 10-12watt/m2
que tambien lo podemos llamar el umbral de percepcidn auditiva (estos datos
son en la frecuencia de 1000hz y al nivel del mar). Ademas de la imtensidad,
tenemos otra de las dimensiones del sonido: la frecuencia, que depende del

numero de oscilaciones entre la unidad de tiempo, que tenga una vibracién,

asi tenemos que un sonido puede ser bajo o alto dependiendo de su tono(como

un contrabajo y un violfn); el oido humano esta capacitado para captar soni-
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dos desde 16 ciclos/segundo hasta 20 000 ciclos/seg aproximadamente,

El Decibel ,- Para explicar esta unidad, comenzaremos con un
poco de historia, EL primer cilentffico que investigd acerca de la proporcitén
de las sensaciones con respecto a los estfmulos fue Gustavo Teodoro Fechner
(1801-1887), que haciendo experimentos sobre la sensaciones humanas, llego a
la conclusibn que nosotros sentimos en proporcibn logaritmica; asi tenemos
que si nosotfos escuchamos un pilano, para sentir el doble de la intensidad
necesitaremos 10 pianos, aunque la intensidad sonora fisicamente siga pro-
porciones directas, Esta cualidad es la que nos permite ver un partido de

futbol y escuchar un "gol'coreado por 100 000 personas y que no se nos rompa

" el oido, La capacidad del oido es fantlstica, se puede adaptar a sonidos my

débiles, por ejemplo el reloj en la noche o ruidos tan intensos como un avibn,
El decibel es una expresifn de cantidad que encuentra su mas
amplio uso en la AcGistica y la vibracién, El decibel esta basado en la ley
de Weber-Fechner, como ya lo ﬁabiamos apuntado anteriormente, que define la
sensacidn causada por un determinado estimulo y en la que la sensacién se
cuantifica segln se indica en la siguiente ecuacién :
| SENSACION = 10 log ESTIMULO

10

Esto aplicado a la Aclistica tiene una gran utilidad, pues co

. & _‘
mo ya habiamos explicado la gama de intensidades va desde 2°10 >

New/m2 a,
10 New/m2; es por esto claro que una escala lineal serfa de una gran ampli-
tud y por esto se ha adoptado la escala de decibeles que se define como:

DECIBELES = 10 16g10-§3

Donde usualmente~x es la cantidad medida, que tiene dimensio
nes de potencia y Xo es la cantidad de referencia en las mismas unidades, po
driamos decir que por convencién internacional esta cantidad es el umbral de
percepcifn sonora en él aldo humano y es la siguiente en las diferentes uni-

dades usuales en Aclstica :



POTENCIA SONORA = 10712 watts
INTENSIDAD SONORA = 10~12 watts/m2
PRESION SONORA = 2010'5 New/m2 o 2-10."4 uBar o 2010‘4dyn/cn2

En consecuencig los texminos comunmenté ubades para aivel da
potencia sonora (PWL), Nivel de intensidad sonora (IL), y Nivel de Presidn so
- nora (SPL), relacionados con los umbrales de percepcién nos dan los Decibelss,
La definicién préctica de Nivel de Potencia Sonora y Nivel de
Intensidad Sonora son las siguiéntes :
Nivel de Potencia Sonora PWL= 10 log .21_ dB re 10-12yatt /m2

10-"]5-12

Nivel de Intensidad Sonora IL= 10 log dB re 10'12watt/m2

10 10-;2

Donde W es la potencia medida en watts y, I es la intensidad me
dida en watt/m2,

Para el Nivel de preslon Sonora SPL es necesario conservar la
relacién de las cantidades proporcionales a la potencia Aclstica, por lo que

se trabaja con las presiones elevadas al cuadrado, La definicién pféctica de

la presién Sonora es :

2
P
Nivel Presidn Sonora_.-SPL= 1l0log o
o 10\ 201073)  ®

SPL= 20log, — P dB re 2°10 2 New/m2
10 2.10-5
Donde P es la presién medida en Newton/metro2; en la siguien

te tabla podemos observar la correspondencia de algunos niveles sonoros con

estas unidades.



Presién de Sonido en Nivel Sonoro en dB
uBar (microbar), o
dyn/em2,
: 140
‘1000 u Bar 134 .. Umbral del Dolor
T 130 ]
- ‘ _ Taladro Neumdtico.
120
100 u Bar _| 114 / . Clax6n de Autombvil (1 m)
110
100 N .
10 u Bar _|_ 94 Ruido en el interior del
90 B metro",
_ Ruido en el interior de
80 un autobus,
1 u Bar 74 P Promedio 'en una esquina
T 70 ] transitada de la ciudad.
_ Conversacién voz normal,
60
Oel u Bar 54 Ruido en una oficina nor
T 50 mal,
| Habitaci6én en un suburbio.
' 40
0.01 u Bar | 34 _ Biblioteca,
30
Dormitorio en zona tran-
: 20 B quila en la noche,
0.001 u Bar 14 Estudio de Grabacibn muy
T 10 ] bien acondicionado.
0.0002 uBar 0 Umbral de la audicién,

Notese que es de suma importancia establecer la referencia pa-
ra'delimitar los parimetros de las medicioneé, puesto que el Decibel es sola
mente una expresidn de la relacién entre dos cantidades, En la seleccién de
esa referencia, la relacifn entre las tres unidades anteriormente menciona-
das, fueron seleccionadas con el prop6sito definido de proveer una convenien
te interrelacién de los tres niveles. La base fue la presiéé del sonido ---
2¢ 1072 Newton/metro2 la cual es aprbximadamente la presibén de sonido en la
frecuencia de 1000 ciclos/seg que puede ser captada por un .hombre joven con

oido saludable., La intensidad de referencia fue seleccionada de tal forma que

la intensidad de sonido (IL) y la Presién del sonido (SPL) fueran casi iguales

numericamente para ondas planas y esfericas, a una temperatura media al niwel

del mar; en estas condiciones podemos expresar la siguiente relacién :



SPL = IL+ 0,2 dB re 2010 New/m2

El nivel de Potencia (PWL) se escogibnde tal forma que fuera
conveniente relacionarlo con el nivel de Presién Sonora (SPL), cuando el 4rea
de la superficie sobre la cual la potencia fuera radiada en el punto de medi

cién, expresado en m2, a temperatura media a nivel del mar, es la siguiente

relacién :

~

SPL = PWL - 10 log, =S 4+ 0.2 dB re 2°107° New/m2
So

- Donde S es la superficie total del frente de ounda en m2 y So es
1 metro2,

Hay casos en los cuales es necesario sumar orestar niveles dg
sonido expresados en decibeles; por supuesto esto no es posible efectuarlo
algebraicamente, debido a que es una escala logaritmica., Los niveles de! "n
Qer convertidos a su unidad inicial de energia, y el procedimiento para ha-
cer esto es a traves de las f6érmulas de Potencla sonora e Intgnpsidad sonora
que anteriormente se citaron; ya en estas unidades se sumaran algebraicamente
los niveles y mas tarde se convertira el resultado a niveles en la escala de
los decibeles,

Frecuencias Audibles y concepto de Bandas de Frecuencias,-

La gama de frecuencias audibles abarca como ya anteriormente se
dijo, de 16 a 20 000 ciclod/seg (hertz) aproximadamente, pero nuestro oido
no escucha con la misma intensidad con respecto a bajas y altas frecuencins,
es decir que un contrabajo tendréd que tocar con mis intensidad para que tei-~
gamos la misma sensacién que nos produce un violin, o bien podemos decir que
un sonido que pudieramos escuchar a muy baja intensidad a 1000 hz no lo po-
driamos escuchar en bajas y en muy altas frecuencias. Tambien nos hemos per-
catado que las frecuencias en que nuestro oido escucha con mayor intensidad
es aproximadamente de 300 a 6000 hz.

Asi tenemos que el  Umbral de percepcién auditiva en 1l00Ohz es

aproximadamente O 4B re 20107 New/m2, en cambio en 100 hz el umbral de



percepcidn estara en % 25 dB,

Si el nGmero de tonos puros estan combinados dentro de un so =
nido complejdé, no solamente la sonoridad y el tono determinan la percepcibn
del sonido en el humano, sino que hay un tercer factor, el timbre, que entra
en escena, El timbre depende del contenido de armbnicas de un sonido y su
comportamiento transitorio, Una gran cantidad de trabajo de investigacifn
ha sido desarrollado para poder medir y calcular el efecto del sonidos

De tal modo que se pueda tomar en consideracién durante las me
diciones; las investigaciones nos ensefian la existencia de ciertas bandas
criticas de frecuencias y tambien que la relaci6n existenté entre esas ban-
y la forma comoresponde el oido humano es de suma importancia,

Dadas las necesidades de andlisis en la investigacibn AclGsti-
ca surgieron los filtros, primero basados en las experiencias de la escala
musical, se dividieron en bandas de octava, en las que se duplica la fre-

cuencia en cada banda; es decir suponiendo que el DO 4° del piano produce

[

512 hz, el DO 5° producira 1024 hz,

Conforme ha avanzado la investigacibn Aclstica se han reque-
rido instrumentos que permitan una evaluacibn mas exacta, por lo que surgie-
ron los filtros de 1/3 de octava, 1/10 de octava y loi\de banda ancha,

PROPAGACION DEL SONIDO,- Las ondas sonoras y las variaciones de
presién son producidas como un resultado de una perturbacién mecinica en un
medio eldstico. La produccién, propagacibén y deteccidn de las ondas sonoras
es generalmente relacionada con una oscilacién, la forma mis simple de osci-
lacidn que existe es el movimiento arménico simple, y cuando las variaciones
de presifn en esta forma son producidas, el sonido resultante es nombrado to
no puro, porque las variaciones de presibn ocurren en una frecuencia solamen
te, L; propagacién de las ondas sonoras puede ser considerada en ondas pla-

nas o esféricas. Cuando la fuente sonora esta en un punto cercano al escucha
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y sin elementos que reflejen la energia, las ondas sonoras se pueden conside
“far esféricas, pero a grandes distancias, donde la curvatura de la onda fron

tal sea pequefia puede considerarse como una ondéd plana,

Si nosotros consideramos una vibracién arménica simple tal co-

“ mo una superficie plana vibrando en el aire o en cualquier otro medio aparen

temente, dicho movimiento de la superficie causa pequefias variaciones de la
presién local cercana a la superficie, Ello podra ser transmifido a traves de

un medio o una velocidad particular de propagacibén, como si fueran pequefias

*ondas en la superficie tranquila del agua, en las cuales la velocidad es pro

porcional a la densidad y elasticidad del medio,

Podemos establecer tambien que la velocidad de propagacién es
igual a la longitud de onda entre el tiempo o bien la velocidad es igual a
la frecuencia por la longitud de onda, donde el perfodo es medido en segun-
dos, la frecuencia en hertz,

La fuerza de la presibn de la onda sonora puede ser medida por
las fluctuaciones locales de la presibn sobre la presifén étmosférica ambiente .

Esta variacién de presibn son extremadamente pequefias, propor-
cionalmente a la presiébn atmosfégica y la unidad mas comunmente usada para
estas mediciones es el Newton/metro2, que es aproximadamente 10~2 atmfsferas.

Asi podemos decir que una onda plana y una onda esférica son
similares en sus conceptos, y la finica diferencia que se observa es que el
frea se alaréa al ser divergente, y la energia de la fueate sonora se distri
buye esféricamente en ondas progresivas,

A traves de estos razonamientos llegamos al planteamiento de
los conceptos de intensidad sonora, que es el promedio de la potencia Aclis-
tica entre la unidad de 4rea, Podemos pensar que si una bocina de un automé-

vil sondra a una corta distancia de nosotros nos causari molestia, en cambio

8i la distancia entre la bocina y nosotros es grande, escasamente la escucha
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remos. De lo cual podemos deducir que la Intensidad sonora esta en funcién
de la Potencia~Acfstica y es proporcional al cuadrado de la distancia de la
fuente al escucha ( en ausencia de reflejos sonoros),

Los sonidos resultantes de vibraciones sinusoidales nos dan to
nos puros, pero la gran mayoria de los sonidos comunes son mas complejos, te
niendo varios componentes y usualmente varias de las frecuencias de la gama
audible, Por ejemplo cuando un instrumento musical produce una nota, una fre
cuencia fundamental predomina sobre otras que estan presentes y que son armd
nicas del fundamental y que son las que dan el timbre al sonido del instrumkn
to, Para el anilisis de estos sonidos que tienen varios componentes de frecmen
cia se pueden medir a traves del espectro del soni&o que es lo mas comunmente

usado,

GLOSARIO,
AUDIO FRECUENCIA.- Corresponde a cualquier frecuencia normalm?nte audible,
la gama de audio-frecuencias aproximadamente es de 15 a 20 005 hz.
FRECUENCIA.~- Numero de ciclos entre la unidad de tiempo ciclos/ segundo,
FRECUENCIA FUNDAMENTAL,- La frecuencia principal de un sistema oscilante,
HERTZ.- La unidad de frecuencia ciclos/segundo,
MICROBAR, - La unidad de presién comunmente usada en acustica

1 uBar= ldyn/cm2 = 0.1 New/m2
ONDA PLANA.- Una onda en la que la onda frontal esta formada por planos para
lelos, normales a la direccién de propagacién del fenbmeno.
TONOS PUROS.~ Una onda sonora de presién sonora instantanea, que es una fun-
cibn senosoidal en relacibén al tiempo,
ENERGIA SONORA.-La energia total en una parte dada en un medio, menos la ener
gla existente en esa parte del medio cuando no hay ondas sonoras presentes,

CAMPO SONORO,=~ Una regién conteniendo ondas sonoras de interes,




INTENSIDAD SONORA (IL).-Es el promedio de la energia sonora transmitida en
una direccién especifica a traves de la unidad normal de 4rea en esa direccione
POTENCIA SONORA (PWL).- Es la energla sonora total cruzando una drea especifi

L
ca en la unidad de tiempo,

Nivel de Presion Sonora(SPL).- Es la Presién total instantanea del sonido
menos la presién estética en ese lugar,

ESPECTRO SONORO.- Es la representacién de la magnitud de los componentes de
un sonido complejo, en funcién de las frecuencias,

VELOCIDAD DE PROPAGACION,- Es la velocidad a que la onda frontal viaja a tra
ves de un medio,

FRENTE DE ONDA.-Es la superficie continua en movimiento de una onda sonora en
la misma fase en un momento dado.

LONGITUD DE ONDA.- Es la distancia perpendicular entre dos ondas frontales,
que tienen una diferencia de un perfodo completo (distancia entre cresta y
cresta).

ABSORCION DE SONIDO.-Es el cambio de la energia sonora en alguna otra forma
de energia, usualmente calor, en pasar de un material a otro, o al chocar la
energia contra una superficie. La unidad de absorcién dé sonido es la equiva
lencia de lo que puede absorber un metro2 de ventana abierta hacia el aire
libre, con respecto a lo que pudiera absorber un material determinado con

su misma superficie,

AISLAMIENTO SONORO.~ Es la resistencia que opone un material a transmitir el
sonido entre un lado y otro del mismo; y generalmente esta en funcibn de la
masa y de la inercia, Se mide normalmente en decibeles y depende del coefi.+
ciente'"T" de transmisién de cada uno de los materiales,

TIEMPO DE REVERBERACION.- Es el tiempo en que un sonido, una vez que se ha
suspendido su emisibén, tarda en disminuir, a traves de las reflexiones de un

recinto, 60 dB de su intensidad inicial; o a la 1076 de su intensidad inicial,
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Urban Planning &

Clifford R. Bragdon, Contributing Editor

Noise represents a major environmental problem capa-
ble of being a nuisance or a hazard to the populatiom
Several land iisé managemeént teéhnigudy for naise ahate-
ment aro discussed, Including site design analysls, envi-
ronmental zoning, building codes, noise ordinances, and
Federal environmental legislation. The future noise status
of urban areas is dependent upon controls either initiated
by or implemented by the urban planning profession.

With diminishing resources available to meet the re-
quirements of an expanding population, the need for
managing the urbanizing environment becomes more
urgent. By virtue of his position the urban planner is
frequently called upon to assess and plan for the preser-
vation of the environment. Whether it is the evaluation
of a proposed transportation route, an airport facility an
industrial park or enforcing general zoning performance
requirements, the planner’s course of action oftentimes
influences the level of environmental protection. Noise
represents one of the environmental pollutants festering
in the cities, and the need for urban planners to render
effective solutions is growing in importance.

Environmental Noise Impact

The impact of noise upon human health! is becoming
well documented?® with the range of influence from
nuisance to hazardous effects (Figure 1). The Report to
the President and Congress prepared by the Environmental
Protection Agency indicated that within the United States
approximately half of this total are adversely affected in
terms of physical health.® Most urban generated noise
sources are predominately nuisance problems capable’ of
interfering with human efficiency or personal comfort
and enjoyment.

RFISTAGE 3 Il INvASION OF
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Figure 1—Implicated health effects of noise.

Damage to Physical Objects’ (Artifacts). Many natural
and man-made features in the énvironment have become
increasingly vulnerable to an ever expanding technology
of which noise is a by-product, It is estimated that over
2,000 square miles of land area associated with airport
and highway development can be classified as noise sensi-
tive.” Noise sensitive land is defined. as that land area,
exclusive of airport and highway ownership, exceeding a
Community Noise Equivalent Level (CNEL) of 65 dB.
Certain land use activities, principally involving trans-

Table 1—Airport noise litigation: 1971.

No. of Damages

Airport Location Case Plaintiff Plaintiffs Sought
Charlotte Municipal ... ....Charlotte. North Carolina . ... ........ 1 Citizen . .o cooeeee. .. 1 9 16,800
Houston International . .. ... . .Houston, Texas . .. . .. ...... 1 Citizen .. ... .. covee ceveenne. 4 384,060
Citizen . ... .cccoovvriieeenn. 9 1,895,000
Citizen oF reeeree vereens e s 1 18,171
Jefferson County . Beaumont, Texas . . .. .. ..c.covme 1 Citizen . ......... wiier e o 38 551,839
Lambert Field ... St. Louis, Missouri . .................. 1 Citizen ... coeree cevcnne 1 117,000
Logan International .. ..... Boston, Massachusetts 1 Municipality .. ... ..... 1 10,000,000
Los Angeles International . ..... Los Angeles, California 1 Citizen e 94,000 2,350,000,000
' 3  Citizen ..., 3 150,000,000
28 Citizen . .......cccooo vt o, 28 3,957,000
1 Maunicipal . ......... .cooeee 1,500
New Haven .New Haven, Connecticut 1 Citizen ... cocecccvenieen o 7 18,400

‘ Municipality .... ... ... 1

O’Hare International Chicago, Illinols . ..o, 1 — — 17,800
Philadelphia International . Philadelphia, Pennsylvania ............. 1 Citizen ...... ... 1 2,000
San Francisco International San Francisco, California . 1 Citizen .. ....c.cccocvvecenen oo 12 360,000
1 Citizen ........coooevveveveee o .o 30 300,000
Tucson International Tucson, Arizona . . . . ... . 1 — —_ -
Will Rodgers World Oklahoma City, Oklahoma ... ....... 1 Citlzen .. ... ccoo. .« o 13 130,000
Total . 48 $2,517,769,970
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portation are generating a significant degree of com-
munity annoyance occasionally resulting in litigation. In-
truding noise from airport and highway activity for ex-
ample has constituted a legal taking of property without
just compensation, and some residents have sought relief
through the court system. Between 1955 and 1972 over
32,000,000 was awarded to property owners in civil air-

port noise cases. Although court settlémiénts are generally -

much smaller than the ameunt saught by tie litigent,
the dallar value for damages {s geometrically increasing.
In 1962 plaintiffs were seeking $14,500,000 in airport
noise litigation. This figure had reached $200,000,000 by
1968, and in 1971 ijt climbed to approximately $2.5
billion,* (Table 1). Present indications are that the total
sought by plaintiffs exceeds $5.5 billion, with a major
portion associated with the Los Angeles International Air-
port. Highway noise litigation is also gaining prominence
where similar land use compatibility problems exist. During
1971 the New Jersey Superior Court awarded $160,000 to
Elizabeth, New Jersey Board of Education because high-
way noise interferred with the educational learning pro-
cess, including the oral control of pupils.? The ultimate
court award is scheduled for acoustically treating the
structure sufficiently to resume classroom instruction’ free
from external noise intrusion.

The basis of complaints, and possibly subsequent legal
action is not solely due to transportation or mobile noise
sources however. Industrial activities are commonly in-
volved in litigation proceedings. Based upon complaints
to the Chicago Department of Environmental Control
nearly 40% of all complaints received over a 16 month
period have involved stationary noise sources!® (Table 2).

Table 2—Community noise complaints: Chicago, IL
(July 1971-October 1972).

)

Envasian of Privacy. Unlike other senses, noise possesses
a penetrative ability that respects few boundaries. Physi-
ologically there is no effective self-regulating method for
shutting off acoustic stimuli; consequently it is a 24 hour,
360° sense. Since environmental noise occurs independ-
ently of territorial restrictions, and there is limited human
adaptive capability it oftentimes invades individual

privaey:
To assess the impact of airport nofse on metropolitan

residential areas the U. S. Department of Housing and
Urban Development instituted a Metropolitan Area Noise
Abatement Policy Studies (MANAPS) program at a se-
lected group of airports. Noise Exposure Forecasts (NEF)
were prepared, based on certain acoustical and opera-
tional aircraft information to predict airport community
response (Table 3). A land yse compatability classification
was developed using expested airport community re-
sponse criteria. Based upon the NEF rating a Zone C
(NEF 40) or a Composite Noise Rating (CNR 115) is
considered a heavily impacted noise area unsuitable for
residential development while a Zone B condition (NEF
30 and 40) or (CNR 100 and 115) is a moderately im-
pacted noise area suitable for residential development
when specific acoustical controls are instituted. Only a
Zone A condition (NEF 30) or (CNR 100) is always satis-
factory for urban development.11

Invasion of acoustical privacy is widespread, based
upon the results of three MANAPS involving O’Hare
International Airport, Chicago, Illinois'?; John F. Ken-

- nedy International Airport, New York City!3; Cape Ken-

nedy Regional Airport, MeJbourne, Florida!'¢ (Table 4).
Applying the NEF contpuys to the existing residential
areas of New York, Chicago, and Melbourne indicates
that over 22,000 residence§ having a market value in
excess of $2 billion are in Hone C, while an additional
153,000 residences valued at $7.4 billion are located in

Noise Source Number Percent  Zone B. In total, nearly 175,000 residences valued at
Stati approximately $10 billion are situated on land considered
hzt‘;?lr;ary - 11%75 2(9); undesirable for residential development (based on 197Q
B : ) land use information).
Total . ... ... 3212 100.0
Environmental Noise Controls

Table 3—Airport community response. The proper management of environmental noise re-
quires a study of three interrelated components of the
Zone NEF Rating Community Response problem: the source, path and ultimate receiver. The
A <30 Essentially no complaints would failure to consider any one of these comp?nents will

be expected. reduce the effectiveness of any proposed solution.
30 to 40 Individuals may complain, per- Treating the noise at the source is clearly the most
haps vigorously. direct and desirable approach. However, apart from the
Cc >40 Individual reactions would likely  fact that this solution may be technologically and/or
““"“19 P vigorous complaints, #  economically impractical, communities may not have the
repeated. necessary legal jurisdiction. The operational control of

Table 4—Noise exposure forecast.
NEF 30 (Zone B NEF (Zone C)
Estimated Estimated
No. of Market No. of Market
Urban Area Airport Residents' Value Residents Value

Chicago, Illinois . . .....O'Hare Intemational ............... 81,220 $2,296,489,000 9,714 $ 236143
New York City, New York . John F. Kennedy International ........ 72,111 5,160,176,648 12,918 1,814,633
Melbourne, Florida .. Cape Kennedy Regional .................. 81 810,470 -— —
Total L e e s e et 183,418 . §7,457,476,118 22,632 $2,050,776

Sound ond Vibration © May 1973

27



‘

navigable airspace, including the noise generated by air.
craft in flight, is exclusively a Federal responsibility.
There appear to be certain controls available to the
operator that may reduce land use impact (e.g. runup-
maintenance restrictions, preferential runway usage, night-
time curfews). The extent to which these techniques may
be applicd by non-Federal agencies is a legal question
still to be decided. Adequate site design considerations,
including a master land use plan prior to initiating a pro-
ject is a desirable preventive measure. Treating the path
along which noise travels, rather than the noise source
itself is a common solution. Some type of barrier, either
man-made or natural, which diverts, reflects, absorbs or
dissipates the sound are typical applications at industrial
sites or along major roadways. The last resort, and often
the least desirable solution, is to treat the noise at the
site of the receiver. There are a variety of urban planning
techniques that are applicable to all three components of
the noise control problem.

Comprehensive Plan. The comprehensive plan, some-
times referred to as the general or master plan, usually
is an official public document adopted by a municipality.
This plan is a policy guide to decisions about physical de-
velopment,15- 18 consequently it is concemed with land
use management practices. It is comprehensive because
it encompasses an entire municipality and also general
since the plan summarizes policies and proposals but does
not often denote specific locations or detailed regulations.
To be useful in guiding the future growth of an area
these plans are usually long range, covering a period
from 10 to 30 years.

Basic elements of the comprehensive plan include:
the private uses of land, community facilities and circula-
tion or transportation.’ All three of these elements involve
decisions influencing land use compatibility and potential
environmental impact. The recognition of community gen-
erated noise, among other environmental insults, is an

Table 5—External noise exposure standards:
Department of Housing and Urban Development.

General External Exposures Assessment
Exceeds 80 dBA 60 minutes Unacceptable

per 24 hours Exceptions are strongly dis-
Exceeds 75 dBA 8 hours couraged and require a 102
per 24 hours (2) C environmental statement
Noise Exposure Forecast and the Secretary’s approval
(NEF)>40
Composite Noise Rating
(CNR)>115

Exceeds 65 dBA 8 hours
per 24 hours

Loud repetitive sounds
on site

Noise Exposure Forecast
(NEF) 30-40

Composite Noise Rating
(CNR) 100-115

Discretionary—Normally
Unacceptable

Approvals require noise
attenuation measures, the
Recgional Administrator's
concurrence and a 102 (2) C
environmental statement

Does not exceed 65 dBA more

Discretionary—Normally
than 8 hours per 24 hours

Acceptable

Does not exceed 45 dBA more
than 30 minutes per 24 hours
Noise Exposure Forecast
(NEF)<30

Composite Noise Rating
(CNR)100

Acceptable

28

impoitant ingredient to a successful comprehensive plan.

Historically the urban planner has all too often ne-
glected to consider noise among other factors in the
comprehensive plan. Fortunately the situation is changing
due to a variety of influences.

Occasionally municipalities have recognized the po-
tential noise problem, and consequently have recom-
mended solutions in the general plan. This s particularly
so with municipalities having a commercial airport facility.
The Syracuse-Onondaga County Planning Agency compre-
hensive plan for Salina, New York was one of the earliest
successful efforts.1” It incorporated environmental factors
associated with airport development in the comprehensive
plan. Due to the local nature of the airport noise problem
a specific neighborhood plan was ultimately adopted for
that portion of Salina in May, 1967,

Based upon the U. S. Department of Defense Manual,
Land Use Planning with Respect to Aircraft Noise,1®
and a Federal Housing Administration mortgage policy
on residential development a series of goals were issued
as part of the comprehensive plan to specifically:

“discourage, within the mirport noise zone, the con-
struction of residential sttuctures, etc., that cannot be
sufficiently insulated against externally generated aircraft
noise, at a reasonable cost;

recommend and adopt a comprehensive land use plan
for that portion of the Town of Salina within the Airport

Noise Zone, which would: (1) permit the owners of

vacant parcels of land to develop their properties with

(and uses that would be compatible with aircraft noise,

and surrounding land uses); and (2) provide land uses

and physical buffers for the protection and preservation
of existing, established residential neighborhoods;”17

Other cities including Atlanta,® and Detroit2® during
this same time period recognized the airport noise prob-
lem however their plans ultimately achieved less success.
A growing number of municipalities are considering air-
port noise provisions in their general plan since the
adoption of the U. S. Housing and Urban Development
policy circular on noise abatement and control, in late
19711

The eligibility for any- HUD related programs are de-
pendent upon satisfying these noise standards. Municipal-
ities seeking Federal funds for airport noise impact sites
exceeding the policy criteria (Table 5) do not receive
HUD assistance. Although these residential standards are
not universally enforced by all HUD region and arca
offices, planning without regard to noise impact can prove
costly. Funds for running trunk and lateral utility lines
into the city of Robertson, Missouri were denied by this
Federal agency.2! A requested $360,000 grant was with-
held because of the noise problem associated with the
adjacent Lambert Municipal Airport operated by the city
of St. Louis. These utility lines would have further en-
couraged residential development in a non-compatible
land use area.

Besides airport development, comprehensive plans arc
beginning to consider surface transportation development
and its potential impact. To be eligible for Federal-aid
participation, as specified in the Federal Highway Act of
1970, all applicable projects shall meet noise standards
requiring highways to be compatible with different land
uses. Effective July 1, 1972,22 allowable design noise
levels have been established for various land use cate-
gories. It is based on that noise level exceeded 10% of a
given time period, expresed in dBA (Table 8). If these
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levels are exceeded in the planning of a Federally aided
highway then noise abatement measures must be incorp-
orated in the highway design.

Open space areas associated with public parks, or
similar tracts of land where noise intrusion will adversely
affect the land use activity is the most sensitive category.
This requires a design noise level, L,,, of 60 dBA., With
each succeeding category of land use a higher noise level
is permitted. Residential areas are permitted to be 70
dBA, along with active recreational areas.

The State of California under their planning enabling
legislation requires that each locally designated planning
agency establish a general plan. A recent amendment to
this planning law requires that agencies incorporate noise
as an clement in the general plan.23 Equal energy noise
contours are necessary for all existing and proposed trans-
portation related activities, including: (1) highways and
frecways, (2) ground rapid transit systems, and (3) ground
facilities associated with all airports operating under a
permit from the State Department of Aeronautics. These
contours presented in minimum increments of five deci-
bels are continued down to 45 dBA for areas having
sensitive land uses (e.g. hospitals, rest homes, long-term
medical care, and outdoor recreation areas). For all other
land uses a threshold of 65 dBA is required. Although no
noise criteria are specified, conclusions regarding appro-
priate site or route selection alternatives or adverse noise
impact upon compatible land uses shall be in the general
plan.

It appears that the use of similar type provisions will
be expanded to other states as well. The Second Annual
Symposium on State Environmental Legislation recently
recommended a state enabling noise control act.2¢ Spon-

sored by the Council of State Governments, this act,

among the several provisions, recommends that local
jurisdictions include a noise control plan as part of the
comprehensive planning process.

Although some cities have prepared comprehensive
plans containing noise elements they are few in number.
As earlier mentioned, planners have either been insensi-
tive to the impact of noise or have yielded to political
pressures. Permisiveness on the part of the New York
City Planning Commission in 1967 paved the way for
the construction of two high-rise apartment towers directly
under the approach pattern to La Guardia Airport. These
towers, subsequently completed, house over 8000 persons
who are exposed to aircraft noise described as being:
“equivalent to a diesel freight train traveling at 50 miles

per hour passing at a distance of 100 feet every 45
seconds” Outdoor sound level measurements in the
vicinity of these apartments approach 100 dBA during
these aircraft flyovers. The planning commission has
adopted a similar attitude toward ‘the location of heliport
facilities in heavily populated areas of Manhattan. This
permissiveness is not unique to New York; similar ex-
amples are found throughout the United States, How-
ever, the situation will improve as the present legislation
at all governmental levels is enacted and implcmented,

Zoning. To be effective the comprehensive plan must
be implemented. The urban planner has at his disposal
a variety of techniques to accomplish this objective of
which zoning i5 the most popular. Zoning, is a legal tech-
nique that regulates various aspects of land use develop-
ment including:

(1) Height and bulk of structures.

(2) Area of a parcel which may be occupied and the
size of required open spaces.

(3) Density of population,

(4) Use of structures and land for residential, comnmer-

cial, industrial or other purposes.

A zoning ordinance -usually classifies or subdivides land
into use districts. Permitted uses are usually specified for
each district, including various physical requirements.

Ordinances containing acoustical criteria are generally
designed to regulate fixed (stationary) noise sources. The
use of zoning is a specific urban planning technique that
may contain emission performance requirements, including
noise. Initially adopted by Chicago in March, 1955, there
are now at least 53 municipalities which regulate the type
of land use based upon noise emission requirements.

The City of Chicago, with assistance from the Armour
Research Foundation, produced the first industrial per-
formance zoning ordinance.?® Rather than specify the
allowable land uses according to type of industry per-
mitted (i.e. heavy, or light industry), it classified industiial
activity by performance standards. Revised in 1971, the
provisions of this ordinance for example contain a maxi-
mum allowable noise level of 81 dBA at the nearest resi-
dential property line for industrial areas zoned M3-1 to
M3-5.

In many cases, the ordinances have limiting noise
levels for residential, commercial or business, and manu-
facturing or industrial districts. This technique is capable
of controlling the type of land use that may be located
in a prescribed urban area. There is however a wide
range in the maximum noise limits among city ordinances.

Table 6 — Design and noise level/land use relationships.

Land Use
Category

Design Noise
Level Lo

A 60 dBA
(Exterior)

Description of Land Use Category

Tracts of lands in which serenity and quiet are of extraordinary significance and serve an
important public need, and where the preservation of those qualities is essential if the area

1s to continue to serve its intended purpose. Such areas could include amphitheaters, particular’
parks or portions of parks, or open spaces which are dedicated or recognmized by appropriate
local officials for activities requiring special qualities of serenity and quiet.

70 dBA
(Exterior)
75 dBA
(Exterior)
55 dBA
{Interior)

mo O =

auditoriums,

Residences, motels, hotels, public meeting rooms, schools, churches, libraries, hospitals, picnic
areas, recreation areas, playground, active sports areas, and parks.

Developed lands, properties or activities not included in categories A and B above.

For requirements on undeveloped lands see paragraphs 5.a(5) and (8) of PPM 90-2.
Residences, motels, hotels, public meeting rooms, schools, churches, libraries, hospitals and
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* By converting the maximum limits in 23 ordinances into
A-weighted sound levels expressed in dBA comparisons
are possible (Figure 2).26 The permissible fixed source
noise levels allowable at residential boundaries range
from 60 dBA to 40 dBA. A narrower range in the per-
mitted noise level among these city ordinances is necessary
to produce regulations that are enforceable and also pro-
tect the public health, safety and welfare.

There is a trend beginning among certain states to
establish state-wide noise emission requirements. State
requirements are in varlous stages of development in
California, Colorado, 1llinois and New York.23: 2720 Colo-
rado cnacted land use emission requirements in 1971,
the first state to do so. Although using different land
use classification systems three states have specific sound
level criteria which generaliy correspond to three land use
classes: residential-institutional, commercial, and industrial
(Table 7).

In a few instances metropolitan areas composed of
several local municipalities have attempted to plan for
regional noise problems. Regional zoning can be an
effective solution around airport environments. The Minne-
sota Airport Zoning Act is a tool for limiting the pro-
liferation of noncompatible uses adjacent to any airport
in the Minneapolis-St. Paul metropolitan area. The Metro-
politan Council, a successor to the Metropolitan Planning
Commission, is directed to develop and adopt a metro-
politan devclopment guide that includes the necessity
for and location of new airports. This Council through
the Airport Zoning Act has authority to establish aircraft
noise zones, including acceptable levels, for all land uses.
" A similar scheme is being proposed on a regional basis
with the development of the Dallas-Fort Worth Regional
Airport. A regional airport zoning ordinance has been
prepared for the North Central Texas Regional Planning
Commission. Normal land use activities are classified into
four groups with different sound exposure sensitivities.
The city is divided into sound exposure zones which con-
trol the type of activity that may be located within each
zone. The more sensitive the particular land use the lower
the permussible noise level zone (Table 8). Although pro-
posed for the Dallas-Fort Worth regional airport in Feb-
ruarv 1970 this ordinance has yet to be adopted. It
is evpected to be adopted as a “model” by the North
Central Texas Council of Governments for 11 affected
communtties by July of this year.32 In Europe some of
the governments have adopted noise zonc emission levels
for various land use categories. Although noise criteria
for land development do exist ofientimes they are not
enforced.

Despite the preventive efforts te avoid subsequent non-
compatible development in noise sensitive areas, zoning
varances are routinely granted in most communities. The
result 15 continued pressure to develop all possible areas
as the real estate market dictates, without regard to en-
vironmental cniteria,

The U.S. Department of Housing and Urban Develop-
ment noise standards are an attempt to restrict certain
types of development. Similarly the Federal Highway
Administration standards can offer guidance to cities
stablishing or revising ordinances. Other Federal pro-
grams provide loopholes allowing noncompatible develop-
ment to persist Under the provisions of the Airport and
Airways Devclopment Act™ municipalities are eligible

0

to receive, from the FAA, Federal assistance when ex-
panding or constructing an airport facility. Although they
do recommend that airport noise contours be developed
for the site, there are no requirements that incompatible
land use development be restricted, to avoid future resi-
dential encroachment. Federal airport development assist-
ance should be contingent on the submission of an
cffcctive land use managoment program by the munici-
pality to insure that present and future compatible land
use development will continue to occur.

Table 7 — State land use emission requirements: zoning®.

Category Land Use New York Illinois Colorado
Class A . Residential-® 65 dBA  60-53 dBA 55 dBA
Institutional Day Day Day
45 dBA 50-43 dBA 50 dBA
Night Night Night
Class B Commercial 65 dBA  65-53 dBA 60 dBA
Day
55 dBA
Night
Class C Industrial 80 dBA 68-60 dBA 70-80 dBA
Day
75-65 dBA
Night

* The land use categories and A-weighted sound levels repre-
sent appoximate comparisons. See the specific proposed =tate
laws for the details.

Table 8 — Noise sensitivity zones: Irving, Texas.

Zone Land Use Classes Noise Criteria*
I Insensitive >105 CNR
I Moderately Sensitive 105-100 CNR
111 Sensitive 100-90 CNR
v Very Sensitive <80 CNR

¢ Calculated by Composite Noise Rating or the equivalent ex-
posure as calculated by any other noise method.
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Figure 2—Fixed source noise levels allowable at residential
boundaries.
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Environmental Design/Site Planning. Environmental
design and site planning review represents a major urban
planning function. As part of the review process a de-
veloper could be required to prepare noise contours, or
at least representative noise measurements for a site being
developed Site design solutions would have to include
noise control provisions if the prevailing or anticipated
noise within the site would exceed a prescribed séund
level: This has been a required preeediiie slnee 1967 in
London whenever a town planner or architect is design-
ing a public housing development. The London Housing
Authority reviews such schemes with acoustical intrusion
in mind.3% Similarly many other major European cities
have either formal or informal programs in this area.

Municipal or state agencies having noise control pro-
grams can greatly assist the urban planner in reviewing
or evaluating various development proposals. Both the
Chicago and Inglewood, California noise programs, be-
cause of their staff capability, are providing technical
assistance to their respective planning departments.

A variety of site planning considerations can influence
the impact of community noise. Setback requircments to
minimize surface transportation noise have been developed
by the National Board of Urban Planning in Sweden.3
Street width requirements and their pattern (linear vs
curvilinear) can alter the propagation of street generated
noise.38 Noise generation increases at street level with
greater building density? therefore building density re-
quirements, including varying amounts of height as well
as open space can be effective environmental design
solutions, The exterior treatment of buildings can also
reduce the so-called “canyon effect” in high density
areas caused by reverberation and reflection. Models are
being developed to reproduce typical urban environments,
and their acoustical patterns, in an effort to develop de-
sign solutions.37 The orientation of interior building activ-
ities can be planned to minimize outdoor noise intrusions.
In reviewing large scale development plans sensitive
activity areas (eg. bedrooms) are recommended to be
situated on the non-street side of the residential structure.
Parking areas and other less sensitive site activities, often-
times are used as buffers. In Oslo, for example, shops and
commercial land uses are located adjacent to the freeway
to act as a buffer between the highway and residential
development.33

The actual type and design of the transportation system
are critical planning decisions influencing the acoustic
quality of the urban environment. In England the maxi-
mum allowable noise level for highway planning purposes
is an L,, of 70 dBA. If this level is exceeded in the ulti-
mate operation of the roadway affected residents are
eligible to receive compensation from the British govern-
ment to acoustically treat their homes.

The construction costs of alternative highway designs
vary significantly based on experiences in England (Table
9).% Using a highway constructed at ground level as an
index of 1, more sophisticated designs rise rapidly in cost.
An alternative to modifying the actual highway are the
utthzation of various types of barriers. Consideration
should be given to their attenuation properties, esthetics,
maintenance as well as costs. Based upon limited barrier
devclopient experiences in England and Canada their
relative costs will vary considerably (Table 10). (This
cost data mformation is for specific installations and it
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Table 9 — Construction costs of highway designs.

Average In Milljons Per
Highway Design Index No. Lane/Kilometer®
Ground Level 1 0.175
Depressed Open Cutting 1.6 0.263
Elevated On Embankment 2 0350
Elevaiad: Rplained ] o.h3nR
Depressed: Retained 58 0.962
Elevated: Viaduct 7.5 1.312
Tunnel: Board 13 2.275
Tunnel: Immersed Tube 25 4.375
Tunnel: Cut and Cover 14 2.624
Tunnel: Bored Under River 50 9.850

=Costs based on 1969 estimates (England)

Table 10 — Construction costs of barriers.

Cost/Lin. Ft. for

Barrier Type Thickness 16-Ft. Barrier

Wooden Wall 3 $12*

Earth Berm 60" (Top) $25*

Concrete Wall 8" $42 - $55*
(Pre-Cast Cellular)

Brick —_— $25*#

Aluminum 3” $40*

Gabion (Stone) 38” $60*

*¢ Estimate—Ontario Ministry of Transportation.
® Estimate—Greater London County Council,

may not be applicable to other sites, or geographical
areas. More important than the specific costs are the
relative ranking of the various highway and barrier de-
sign alternatives.

A major reason for the increased interest in environ-
mental site analysis is the promulgation of the National
Environmental Policy Act (NEPA) which requires the
preparation of environmental impact statements on pro-
posals for legislation and other Federal actions signifi-
cantly affecting the quality of the human environment.??
Subsequent guidelines issued by the Council On Environ-
mental Quality detail, among other things, environmental
factors that must be considered in preparing an impact
statement including noise. There are presently thirteen
states that have established similar impact organizations
and procedures, several modeled after the Federal pro-
gram. Noise is being considered to varying degrees by
these state programs. California and New York appear to
have established the most comprehensive noise provisions.

Conclusion

Beside comprehensive planning, zoning, and environ-
mental design-site review there are other urban planning
techniques useful for controlling urban noise. These in-
clude subdivision regulations, housing and building codes,
among others. .

The future success of urban development will depend
in part on recognizing and solving environmental prob-
lems. Various planning techniques offer a suitable vehicl
for incorporating noise criteria. The acoustical engineer
and related noise specialists can play a major role in
assisting the urban planner in accomplishing his respon-
sibilities.
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Procedures of a Sound Survey

>

The fourth in a series of articles outlining the fundamentals in the
development of an industrial hearing conservation program discusses
types of sound surveys, types of noise, the equipment needed, survey
procedures, the recording of data, and the interpretation of results.

INDUSTRIAL HYGIENISTS often refer
to their work as the recognition,
evaluation. and control of occupa-
tional health hazards. As excessive
noise may be a contaminant in the
industrial environment, 1t must be
evaluated using accepted industrial
hygiene techniques.

Unlike some hecalth hazards rec-
ognition of a noise problem is rela-
tively easy, or at least obvious
enough to make a person recognize
that some cvaluation measurements
should be made. Complications
arise when one attempts to evaluate
the exposure in terms of hearing
damage nsk, although the recent
development of a suggested Thresh-
old Limit Value for broadband noise
does offer a guideline in this re-
spect. Control of excessive noise
exposures may range from very sim-
ple to extremely complex engineer-
ing measures, or in some cases there
may be no reasonable solution other
than using ear protection devices.

Types of Sound Surveys

A survey of a noisy areca may be
made to evaluate hazard to hearing,
as part of an engineering study, t0
determine speech interference lev-
els, or to estimate annoyance levels.
The survey made to evaluate pos-
sible detrimental effects on hearing
acuity is the most common and the
one that will be discussed here in
the greatest detail. A survey of this
type is reasonably casy to perform
if the operating charactenistics of
the noise meters used are well un-
derstood by the person conducting
the survey. In addinon, the noisc
to be measured must be steady and
broadband. That 1s, it must have an
energy spectrum covering a fairly
wide range of frequencies. The sur-
vey made to evaluate speech inter-
ference levels and annoyance lev-

els also is relatively easy to per-
form but somewhat difficult to eval-
uate. This is especially true for the

annoyance survey because of the ex- .

treme variation between individuals
and their reactions to noise.

Sound surveys may also be classi-
fied by the amount of information
that is needed. A screeming survey,
using a sound survey meter, can
be made for rapid evaluation of the
noise problems and to determine
where a more detailed study is
needed.

A detailed noise survey to evalu-
ate hearing damage risk would be
made to determine the overall noise
intensity, the intensity of each of
several octave bands, and the “on-
time, off-time” pattern of exposure
to the noise. This requires the use
of a sound-level meter and an oc-
tave band analyzer in order to de-
termine the sound pressure level in
each octave band.

The various arcas in the plant

in which the noise survey is to be
made should be investigated to de-
termine what measurements would
be representative. Work areas in
which it is necessary to speak loud-
ly into a person’s ear to be under-
stood are the logical places to start
the survey.

Hearing Conservation Survey

The noise surveys made to evalu-
ate hearing damage risk, annoyance,
or speech interference are the types
of surveys that the majority of safe-
ty professionals find most heipful.
However, the safctyman ordinarily
is far more concerned about what
may happen to the hearing of a per-
son who spends considerable time
in a high noise level area. Thus, the
results of a hearing damage risk
survey become important to the
man responsible for safety.

Engineering Surveys

Noisq surveys for engineering
purposes can be much more com-
plex than the hazard evaluation sur-
vey.! As a general rule, the engineer-
ing noise survey requires a wider
selection of noise measuring equip-
ment as well as a good knowledge
of acoustics by the people using the
equipment. In addition, many more
readings are required than are ncc-
essary to establish hearing damage
data. The reason that fewer read-
ings are required to evaluate hear-
ing damage risk is that usually the
sound pressure level at a single lo-
cation, depending upon duration of
exposure, relates fairly well to the
effects of that noise upon people
working‘l in that particular arca.
Consequently, an octave band anai-
ysis of the noise, made at perhaps
two or three different times, may be

.all that is needed, plus knowledge

about exposure time, to evaluate
the situation. This does not hold

true for an engineering noise sur- -..

vey where one wishes to determine
what noise level the source will
generate in a different environment
(for example estimating the effect
that acoustical lining of a noisy
room might have) or the noise level
that might be observed at different
distances. To make this kind of sur-
vey requires detailed information
about the sound power ouiput, iis
directional characteristics, and the
variations in sound pressure [evels
as one moves radially away from the
source of noise. A large numbecr of
octave band analyses and the use of
specialized noise measuring equip-
ment — such as a narrow band
analyzer, impact meter, broadcast
quality tape recorder, oscilloscope,
or vibration measuring equipmcnt
and stroboscope—often are requircd
to obtain enough information for
evaluation of an engineering noise

problem (see Figure 1). The subject
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Figure 1 illustrates the complexity of instrumentation and interpretation of data required
from engineering surveys.—Photo courtesy Bruel & Kjaer Instruments, Inc.

1s complex and for further study the
reader is referred to the references
appearing at the end of this article.

1,2,8,4,8

Types of Nois

The types of noise to be mea-
sured in a survey determine the
equipment necessary for accurate
mecasurements. Noise may be clas-
sified according to typc as follows:
wide-band; narrow-band; impulse;
repeated impulse, and transient.
Any of these could be steady, inter~
mittent, or cyclic in nature, except
transient which as its name implies,
is not a steady noise. A passing
train or aircraft generates noise of
a transient nature,

Wide-band noise is defined as
noise in which the energy is
spread over a wide range of
frequencies. Examples of this
kind of noise are the noise
generated in weave rooms in

textile mills, in piston type air-
craft, and in air moving
through a duct,

Narrow-band noise is where
the noise energy is concen-
trated in a narrow frequency
range. Examples include noise
produced by circular saws,
generators, sirens, and com-
pressors.

Impulse noise is characterized
by its short-time duration and
is created, for example, by ex-
plosions, drop hammers, punch
presses, aind similar operations.

Repeated impulse noise would
be the type generated by chip-
ping hammers, riveting opera-
tions, and foundry shakeouts.

Often during the noise survey,
impact noise will be mixed with
broadband noise, or there may be
areas where impact noise predomi-
nates. It should be emphasized that
efforts to measure impact noise with

an ordinary noisec mcier wili give
completely inaccurate readings. The
peak levels of the impact noise will
be very much higher than the maxi-
mum meter readings obtained. Con-
sequently, impact meters should be
used to mcasure sudden sharp noise.
If impacts arc repeated at a rate of
about 200 per minute, a noise sur-
vey meter will give an estimate of
the overall noise level, although
there is somc differcnce of opinion
in this respect. Some experts believe
that any in.pact noise, even at rates
exceeding 200 impacts per minute.
should be mjcasured with an impact
meter if © “od accuracy is required.
Neverthicicsy, most safety engineers
do not have impact meters avail-
able and 1i:js still a useful proce-
dure to nicdsure and evaluate rap-
idly repeated impact noise with an
ordinary survey meter.

R SURURRIICIIRN - -Yuite Yo

The actual «aking of noisc mca-
surement readings is not tc " ciiicult.
Two types of noise meteis . wsc-
essary to otftain a reasonably de-
tatled picture of the noise expostre
involved. A sound survey mnicwer
and an octave band analyzer are
essential and, in order to insure ac-
curate readings (see Figure 2), it is
necessary to have a calibration de-
vice to check the meters. These
meters are complicated electronic
devices, even though their physical
dimensions may be rather small;
frequent calibration checks are nec-
essary to make sure they are func-
tioning properly.

Auxiliary equipment that can be
of great value in making a noise
survey is a good set of headphones.
Their use allows better evaluation
of the noisy environment as wcii as
2 “running” check on the operation
of the meters.

Sound level measuring instru-
ments should iulfill at least the {oi-
lowing requirements:'®

e [t should be accuratc—u
crude mecasurcment is of limi-
ted value.

e Its accuracy, response,
and other characteristics
should be fully predictable and
completely supported by rcadi-
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Figure 2 shows representative types of octave band analyzers (from | . to r. Tracor, Inc., B.

ly available, published factory be emphasized. First of all, if you
specifications and data. have accurate, well-calibrated noise
meters, if you are completely famil-
iar with your equipment and the
correct operational procedures, and

e It should be rugged and
simple to opcrate.

o When connected to its oc- if the noise being measured is steady
tave filter, it should be fully broadband noise, the accuracy of
portable and convenient to use your readings will probably lie with-
— preferably hand held (so in the range of plus or minus two
that the frce hand can operate decibels. In other words, do not try
it). to read the noise level meter to a

fraction of a decibel. In fact, unless
the noise source is remarkably
steady or a pure tone noise with no
nodal patterns, an interpolation of
the needle swings will be necessary
even when using the slow scale. Bet-
ter accuracy can be obtained if the
microphone is mounted on a tripod
and an extension cable used so as

e It should have a dynamic
range in decibels re .0002 nu-
crobar, including the octave
band filter that will cover thc
region of interest.

e It should have a linear
frequency response through
the important range of 25 to

10,000 cps to put some distance between the
o It should be substantially microphone and the noise nicter.
unaffected by temperature, hu- ) Occas,noqally a peculiar combina-
midity, vibration, and the elec- tion of noise source and environ-
trical or magnetic fields nor- ment will produce a noticeable
mally encountered in noise sur- standing wave pattern. The noise
v level increases or decreases as one

eys.

moves a few feet toward or away

“The USASI Standard SL4-1961 1s from the source. If this nodal pat-

frequently cited by both manufac- :ﬁ;‘d o:curs,ndthe ‘a'\r'greir%e roafdirt'nhe
turers and purchasers of sound- mum - and mimmu eacings

level meters as a minimum  stan- should be recorded. 1f 'the differ-
dard. ences between the maximum and
minimum readings are greater than
6 dB, record a level of 3 dB less
than the maximum readings that

Interpretation of occur most'frequently.' )
Instrument Readings If the noise level being measired
fluctuates markedly, because of sud-
Before going into detail about den erratic impulse noises, or is af-
noise surveys, thecre are several fected greatly by the physical nature
rather amportant facts about the of the surroundings, an error of
measurement of noise that should  several decibels in accuracy of read-
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& K. instruments, Inc., and General Radio Co.).

ings can result. If, for some reason,
the noise meter is not used exactly
as recommended in the equipment
instruction manual, or its limits of
measurement are not recognized,
errors in reading can result. Rapid
air movement past an unprotected
microphone can cause large errors
in readings. Thus, for example, in a
hearing conservation type noise sur-
vey the purely mechanical aspects
of making the survey are not as sim-
ple as they may seem. In addition,
the di@‘culties involved in foliowitg
a man’iclosely enough’ during lus
workday to account for on-tinic ofi-
time periods of noise as wel as
fluctuations in the noise levels to
which he is exposed adds to the
problems involved in performing &
realistic noise survey.

5848

Figure 3 shows how contours of equa.
sound pressure level vary with distance
and direction around a large power-dis-
tribution transformer. Illustration printed
through courtesy of Handbook of Nowse
Measurement, General Radio Co.
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There is no substitute for experi-
ence with an instrument. This arti-
cle cannot provide the familiarity
to be gained by sitting down with
an instrument and its instruction
book and familiarizing oneself with
the instrument.

Much valuable information is
contained in the equipment instruc-
tion book. For example, it will spec-
ify maximum and minimum pres-
sure levels, humidity limitations,
and microphone directional char-
acteristics, operational temperature
ranges, filter characteristics, and the
effects of electric fields, the observ-
er, and of vibration upon readings.

Calibration of Equipment

Whether the sound survey metef
in conjunction with the octave band
analyzer or the A-scale of the sound
survey meter (commonly referred
to as dB A readings) is used, the
pre-survey operational steps are the
same. They seem simple but are
quite important. Before leaving the
office or laboratory, make sure the
meters are operating properly.
Check the batteries and electrical
calibration as described in the in-
strument manual. Make sure the
microphone is functioning properly
by using a calibrating device. Never
use a calibrator that is not speci-
fically designed for the meters being

used. A calibrator is a device that
impresses a noise of known inten-
sity and frequency upon the micro-
phone and is discussed in some
detail in a previous article in this
series.® In addition to checking with
a calibrator, if an octave band ana-
lyzer is being used, it is a good
practice to make an octave band
analysis of some familiar noise. A
small noisy air pump or almost any
broadband noise source that does
not change over a period of time will
do. The idea is to check the response
of the meter in every octave band.
If the noise levels of a noise source
that has been accurately measured
many times in the past suddenly
differ in one or more frequencies,
the chances are something is wrong
with the meter.

The noise measuring equipment
normally used is battery powered
electronic equipment, and the user

Figure 4 includes equipment for a portoble sound and vibration laboratory. Shown is @
combined noise survey meter and octave band analyzer plus auxiliary equipment such as
wind screen, artificial ear, piston phone calibrator, etc.—Photo courtesy B & K Instruments, Inc.

should constantly be aware of faulty
operation. The equipment should
be checked before it is used to take
noise measurements. A suggested
series of steps to check the instru-
ment is as follows:

1) Connect and turn on the
instruments, and allow them to
warm up for a few minutes.

2) Check batteries as per
the instructions supplied with
the instrument.

3) Make acoustical calibra-
tions as pcr instructions,

4) Make octave band mea-
surements of a convenient wide
band steady noise.

.

5) Remove the microphone

and make electrical back-

ground measurements.

6) Recheck acoustical cali-
bration.

If a malfunction of the equip-
ment is indicated in any of the listed
steps, the instruction manual sup-
plied with the instrument should be
consulted for necessary adjustments
or repairs. Step 4, for example,
can expose a defective octave band
cut off filter. Step 5 will indicate a
faulty tube or oscillating amplifier,
Step 6 could indicate weak batter-
ies if the calibration has changed
by more than one decibel. If 1t has
changed, the batteries should be
replaced before making measure-
ments. if the instrument cannot be
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Bruel & Kjaer Octave Pilter Set - 1613
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Men workas at desk most of

winutes

X

X = noise sources
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block walls
coment floor
no windows

survoy.

Readings taken with doorway between rooms closed, Solid wood door.
Metor microphone calibrated with pistonphone before and after

Figure 5 is an example of the results of a noise survey plotted on a graph. Note diagram of
location of noise sources in relation to general working area and employee’s work station.

made to operate properly consult
the manufacturer.

Care of Equipment

Protect the mictophone from dust
and moisture. It the microphone is
a Rochclle salt type never subject
it to high temperatures, such as the
temperature observed in a closed
automobile on a hot summer day.
Newer development in noise meters
have avoided the use of the Rochelle
salt microphone.

The scnsiuvities of microphones
can be expected to change when
they are eaposed to extremely high
or extremcly low temperatures. If
a microphone is to be used in an
unusual twmperature environment,

calibration information should be
obtained at comparablc tempera-
tures.

The presence of high humidities
can causc moisturc condensation to
occur in electrical connections. Cer-
tain types of condenser microphones
malfunction in the presence of high
humidities to cause a “popping” or
“frying egg” sound to appear at the
microphone output. Most of these
humidity problems disappear when
the cquipment is dried out.

At high noise levels vibration may
be present to such an extent that it
will affect the readings obtained. It
may be necessary to remove the
meter from the area and use an ex-
tension cable to the microphone. A
test for the effect of vibration is to
disconnect the microphone from the

sound level meter and observe if a
reading is obtained on the meter.
If a reading is noted, the meter can
be held or placed on a rubber pad
or rubber-tired cart, Elcctronic
equipment can be damaged by
shock. Extreme care must be taken
in {ransporting the equipment,
When the equipment is to be. trans-
ported by commercial carrier, care
must be taken in packing it.

'

Location of Microphone

While making the survey keep
in mind the fact that unless the
noise is completely random, such
as that generated by ventilating sys-
tems, blowers, etc., there will be
some variation in meter readings,
depending upon how and at what
angle the noise is dirccted toward
the microphone. The microphone
pressure response diagram appear-
ing in the previous article of this
series” illustrates this point. Do not
hold the meter so that your body
reflects sound waves toward the mi-
crophone. Discourage people from
crowding just to see how high the
noise level is because they also can
partially reflect or block sound
waves. ¥ty to obtain the readings
in such a way that the noise source
is not directly in front of you but
as close to a 90 degree angle as
possible. Also note that noise level
readings at a given distance from
a noise source may be different in
different directions as shown in
the varied contours of Figure 3.

When measurements at only one
location are made near a single
noise source, a large error may
result; however, in a large room
with a number of sources of noise,
if readings are made at a distancc
from the predominant noise source,
only small errors would be expected.

Almost all surfaces 1cflect sound
to a certain extent. As a resulg,
within most rooms the sound ficld
can vary from one point to another.
As a gencral rule, any ooject will re-
flect sound at wavelengths compar-
able to and smaller than the dimen-
sions of the object.

It is not necessary to hold the
microphone up to the ear of the em-
ployee to determine the noise level
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to which he is exposed bccause the
two of you are then acting as noise
reflectors. Try to measurc the noise
at the employce’s work station that
is typical of the arca in which he
works. If the man is doing some-
thing like operating a chipping ham-
mer, it may be ncccssary to use an
extension cable on the microphone.
As mentioned previously, rapid
air movement past a microphone
will give inaccurate readings. If, for
example, it is necessary to do a
noise survey in a hot area where
man-cooler fans are being used, be
sure the microphone is protected by
a wind screen. These are available
commercially (sce Figure 4) or can
be made with stmple materials.
Before entering the noisy area

in which the survey is to be con-
ducted, make a last minute check
for the condition of the batteries,
the microphone, and note the refer-
ence reading for electrical circuitry.
It is a good idea to repeat these
checks at least once during the day
if the survey requires several hours.

Recording Data

Noise levels can be recorded as
numbers or plotted on a prepared
graph as readings are taken. Be-
cause it is easy to misread a noise
meter, one argument in favor of
plotting a graph is that an obvious-
ly incorrect reading can be noted
quickly. However, if one is working

Date:

Wind Velocity: Wind Direction:

ISound Level Meter: Type Model

SOUND SURVEY

Time:

Temperature;

Serial No.

Microphone: Type

Analyzer: Type Model

Other Equipment:

Cable Length

Serial No.

Location:

Sketch

Over-

Sound Pressure Levels - Re (0.0002 Microbars

Octave Band Center Frequencies (cps)

Location or Situation all

Level 63

125

250 | 590 1006}5000 4000{8000;8-0ctav¢

added

}
|
|
|
|

Remarks,

Recorded by:

Figure 6 i1s an example of o sound survey form using USASI 51.6-1960 preferred series
center frequencies. From Industrial Noise, U.S. Public Health Service, Hosey, A.D. and
C R. Poweli, Supt of Documents, Washington, D.C. 1967.

alone, it may be easier to record
numbers in a column than to juggle
the meter, take readings, and plot
data on a graph all at the same
time. To avoid mistakes in an octave
band analysis, review the readings
as soon as all octave bands have
been measured. Ordinarily, a read-
ing that is out of line by plus or
minus 10 dB or more will be obvi-
ous and a re-check can be made

_immediately. Be sure that no indi-

vidual octave band level equals or
exceeds the overall level because
this is an indication that one or the
other of thegq‘: two readings has been
recorded ingprrectly. Another check
is to add teadings in the octave
bands to dejermine if the sum ap-
proaches the overall reading. Re-
member, however, this is not a sim-
ple arithmetical addition. The read-
ings are logarithmic in nature and
the rules for addition shown in
Table 1 must be observed.

If the sum differs considerably
(=2 decibels) from the overall level,
something is wrong. Perhaps there
is an error in addition. Also, if the
sum is larger than the overall level
there is the possibility that too much
impact noise is present in the noise
being measured. Table 2 ..lustrates
the application of this summation
procedure. f

In additjon to recording noisc
levels, it 1 important to rccord
everything of interest about the en-
vironment being measured: A bricl
description of the noise source or
sources; the number of employees
exposed; duration of exposure; char-
acteristics of the environment with
respect to its ability to reflect, dis-
sipate, or absorb noise.

The kind of data sheet used to
record readings varies according to
the preferences of the individual
making the survey and the kind of
information he wishes to record. If
it is preferred to present wata graph-
ically it can be done as iliusirated
in Figure 5. Special graph japer is
available from the Kodex ook
Company, Norwood, Mua.., that
can be used to plot readingi as one
conducts a survey. Figurces & andg 7
are examples of data sheats il
can be used if it is desirabic o ic-
cord data rather than to piot . on
a graph. As indicated in 1zure 3.
it is often desirable to make a rough
sketch of the situation. In muany
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If the difference
in decibels be-
tween the two

levels being Add to the
added is: higher level
0 3.0
) 2.6
2 2.2
3 1.8
4 1.4
5 1.2
6 1.0
7 .8
8 6
9 5
10 4
13 2
16 A

cases the environment being mea-
sured will be much more complex
than the simple example shown and
the sketch will be of great help in
reporting the data.

If it is necessary to make a large
number of readings, the data can be
handled as shown in Figure 7. In
this example a blue-print of the
work area could be used to locate
areas where readings are taken. The
blue-print could then become a part
of the report. Note that in cases
where the arithmetic average of the
levels in the speech frequencies ex-
ceeds 85 dB the readings are circled
to emphasize the problem.

Interpretation of A Scale
Readings

Recently, as the result of well
documented work by the National
Research Council Committee on
Hearing, Bioacoustics, and Biome-
chanics,® James Botsford, Bethle-
hem Steel Corporation, proposed
that “the A-weighted sound level
of a manufacturing noise reveals
the hazard to hearing just as reli-
ably as do the octave-band sound
pressure levels.”® The validity of
this new proposal to use the A-
scale reading rather than octave

band analysis is borne out by the
" fact that the American Conference
of Governmental Industrial Hygien-
ists recently proposed a Threshold
Limit Value for noise that includes
limits for A-scale readings as well
as the octave bands embracing the

R ) e Qe

speech trequencies. Despite the ap-
parent simplicity of using the A-
scale readings obtained with a sound
survey meter, evaluation of the ef-
fects of noise exposure cycles re-
quires careful study of the proposed
new procedure and some apprecia-
tion for the reasoning behind its
development,

It is possible to make a screen-
ing survey using a survey meter
only. If an octave band analyzer is
not available or it is necessary to
survey a very large area in a short
time, a quick survey using the A-
scale of a sound level meter will
pinpoint the questionable areas and
the areas in which problems defin-
itely exist. If such an approach is
followed, criteria developed by the
Ad Hoc “Inter-Society Committee
on Guidelines for Noise Exposure
Control”'° can be used. These guide-
lines point out the following rela-
tionship between the decibel read-
ings obtained by the use of the A-
scale (dBA) of a sound survey
meter and the arithmetic average of
readings in the three octave bands
—300 to 600, 600 to 1200, and
1200 to 2400 cps — by use of an
octave band analyzer. With some
meters this could also be the arith-
metic average of the octave bands
having mid-point frequencies of
500, 1000, and 2000 cps.

For example: 85 dBA is approx-
imately the same as an average of

1200, and the 12GG to 2400 cps
octave bands; 92 dBA is approxi-
mately the same as an average of
85 dB in those bands; 95 dBA is
approximately the same as an,aver-
age of 88 dB in those bands; 97
dBA is approximately the same as
on average of 91 dB In those bands.

Thus, a screening type survey
can be made with a sound survey
meter using one of the above dBA
levels as a reference level. Assume
that the 85 dB decibel average in
the speech frequencies (equivalent
to 92 dBA) has been selected as
a Threshold Limit Value for con-
tinious exposure to broad band
noise. Then in doing a rapid
screening survey, areas in which
people are exposed for eight hours
a day to dBA readings of 89 dB or
less can be considered safe. Areas

in which dBA levels lie between
90 and 95 dB and there is exposure
for eight hours a day, require an
octave band analysis of the noise
to validate the degree of hazard.
Areas in which dBA readings are
above 95 dB for the full eight-hour
work day can be considered risk
areas, which require further study.
If there are intermittent or part
time exposures, as is usually the
case, it "lwill be necessary to refer
to the shecific cniterion being used
—ACGIH, Botsford, Air Force, etc.
—for evaluation of risk.

Th recedin rticle”™ in thi
78 dB in the 300 to 600, 600 to ¢ preceding article” in this
Table i
Stop, or ’ wverave panu T T eSS
Sequence Frequency: Noise lovel Noiso levels Difforence dB to bo
of cyclos/ reading in  to bo between added from
Addition socond decibels added levels Table | Addition Sum
Overall
Reading 101
7 315 83 100.8 4+ 83 17.8 0.1 100.8 + 0.1 100.9
(] 63 87 100.6 + 87 13.6 0.2 100.6 + 0.2 100.8
4 125 91 99.6+ 91 8.6 0.5 99.6+0.6 100.2
2 250 94 96.0+94 ‘2 2.2 96.04+2.2 98.2
1 500 96 96
3 1000 94 98.2 4+ 94 4.2 1.4 98.2+1.4 99.6
5 2000 89 100.2 + 89 11.2 0.4 100.2 + 0.4 100.6
8 4000 83 100.9 + 83 17.9 0.1 100.9 + 0.1 101.0
9 8000 74 101.0+74 26.9 INSIGNIFICANT
10 16000 63 101.04- 63 “
1 31500 47 “

NOTE: Start with highest band level (Step 1) and add to second highest band level os
shown in Step 2. Then add this result to third highest octave band level as
shown in Step 3 and continue until the contributions from each of the bands
are summed up. If two octave band levels have the same value, treat as separate
readings, as in steps 2 and 3. (Note: Steps 9, 10, and 11 may be disregarded.)
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series discussed noise measuring ins-
truments and their characteristics in
considerable dctail. The reader is
urged to review this information
carcfully as well as that contained
in the refercnces listed at the end
of this article before undertaking a
noise survey: Typical éxamples of
noige levels commoen to a Aumber
of industrial operations are shown
in Figures 8 and 9 taken from a
survey' made several years ago by
Karpus and Bonvallet. The results
are still valid and will give the read-
er some ideca of the range of noise
levels he might find in similar en-
vironments.

The octave band sound pressure
levels of a few widely used machines
are given in Figures 8 and 9. The
shaded area shows the range of ob-
servations.

The loudest operations shown are
chipping and riveting on large steel
tanks and aircraft assembly. Simi-

lar operations on smaller or more
massive picces, like small castings
or concrete, are grouped with other
pneumatic power tools such as drills
and wrenches. Note: the noise 1s
more a function of the work than
of the tool. A chipping hammer
used on large stéel Piales eaused
vibrations with large amplitudes.
Massive castings or concrete struc-
tures are less easily excited and
radiate less noise.

The range of observations for
saws, Figure 8, include a metal fric-
tion saw, circular wood saws, and
stone saws. A circular wood saw
measured close to 90 dB in every
octave band; stone saws were about
85 dB.

The graph for planers includes
operations on wood and stone, A
wide range of intensities is shown.
Planing a flat surface on fairly soft
stone is the least noisy, whereas
planing a concave stone surface was

in-Lhi L ouo—b

1. Genaral area roadings just north of offico pear column 29; Threo poople working
pod-day—lloiso. coning-Lron aartia- nachinng
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fairly close to the upper limit of
the range. Finish planing on pine
was close to the lower limit, where-
as planing operations, making a
deep cut on hardwood, were found
close to the upper limit.

Steam and air hiss, as encoun-
tevad In ifiuny operations, are shown
in Figure '8. Tumblers, in which
small castifigs are knocked together
in a debufring operation, grinding,
welding, and machine shop opera-
tions like lathe work, drilling, mill-
ing, and boring are in general less
noisy as shown in the graphs.

Furnaces and mixers are exam-
ples of machines having down-slop-
ing spectra. Furnaces have fairly
high overall levels, but are not usu-
ally judged to be very loud because
of the low intensity in the high fre-
quency region. Mixers were the least
noisy class of machines listed here.

W}R;i?ing the Report

Perhapg the most important part

WORKS: __ gans Sida DATE: japg, 2, 3962 . .
of the ngise survey is the summa-
DUSTRUMEITT . N .
Brucl & Kjoer Bound Level Moter - 2203 tion of the results in the form of a
Bruel & Kjaer Octave Filter 8Set - 1613 , ey ¥
Bruel & Kjacr Condenper Microphone - U131 Yoan written !;’ It
Reference level 0.0002 Wheneyer we ask someone to
Trer T > 3 in 7 3 7 3 read our writing, we ask him for his
tn | o . Ton o7 29 o _time and his energy. The less time
1 and energy he must devote to com-
31.5 & 82 86 78 7n 73 &y
: i prehend the actual report, the more
63 85 85 88 7 72 ™ time and energy he will have left to
125 88 86 93 76 75 78 do something about it. The way the
250 92 g6 o 28 79 82 report of the noise survey is to be
<00 2) o7 = 8 &5 (69) u§ed apd the. requirements of those
oo 1 " , o 52 Tso who will use it determine the length,
92 2 - ” form, style, and details of treat-
2000 86 8o 90 76 . ment.
4000 83 74 85 69 ™ 78 Think out and write down a brief
PO0O 75 70 82 60 68 72 statement of the purpose of the
16000 65 58 70 52 60 58 noise survey. Then gather your facts
11700 . — - - - - and data. Organize them in order

of importance, based upon the pusz-
pose of the report, into a simple,
briefly stated topical outhne. Next,
using this outline as a guide, write
your message in terms e
understandable to 1,

whom the report is . s
ted. Perhaps 1t would be best to pic-
pare a onc-page abstract or digest
containing all the substantial fac:s.
in the most condensed form possi-
ble, of the conclusions and recom-
mended course of action to be
taken. Further details on this topic

Figure 7 is a typical data sheet used 1o report results. Note circle readings indicating

can be found in “4 Steps to Easier
values which exceea 35 dB n speech important frequencies.

Writing.” 1+
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Figure 9

SOUND PRESSURE LEVELS OF TYPICAL TOOLS
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from “A Nose Survey of Manufactuning Industries,’” Karplus, H. B. and G. L. Bonvallet, A.LH.A. Quarterly.)



It 1s not difficult to use modern
noise measurning cquipment and to
obtain a large amount of noise level
data in a relatively shott time. The
difficulty lies in making sure the
measuring cquipment is accurate,
that readings are obtained with as
little environmental bias as possi-
ble, and that readings truly repre-
sent theznoisc levels to which people
arc exposed.—End.
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In an Industrial Hearing Conservation Program

Hearing WNeasurement

The procedures for measuring employee hearing acuity and thresholds
are discussed in this seventh article in a series on the development
of an industrial hearing conservation program. Audiometric equipment
is explained and a program for its care and maintenance is discussed.

Pmox TO WORLD WaR II little
attention was given to noise induced
hearing loss. Workers in factories
with excessive noise took it for
granted that they might develop a
“little trouble” hearing — might
even become a little “deaf.” How-
ever, in the early 1950's damage to
hearing due to industrial noise was
ruled compensable in Wisconsin,
Since then, a great deal of time and
money was spent by industry, in-

surance carriers, various govern-
ental agencies and others investi-
gating this problem.

It soon became apparent that
hearing damage by excessive noise
is a slow and insidious process. It
is invisible, painless, and slow.
Rarely is the individual aware of
his problem until it is beyond cor-
rection. In the highly industrialized
Calumet area of Chicago, it is relia-
bly estimated that over 50 per cent
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Figure 1 is an example of an audiogram

within the normal range for both ears. Note: The O

and the "X graph is for the left.

of ort ‘individual. It depicts hearing levels
graph is for the right ear

of the workers are exposed to envi-
ronments that can lead to a hearing
loss. And, they carry this potential-

* ly compensable affliction from job

to job. Thus, it is imperative that a
new employee’s hearing be tested
or the employer may have to pay for
a hearing loss that he did not causec.
Further, if the employee is to work
in a noisy area (any noise level
over 90 dB could be injurious) his
hearing should be checked at least
every six months.

Today the only medically and
legally accepted hearing test is the
audiometric examination. Such n
record makes a valuable contiibu-
tion to the total program designed
for hearing conservation. It offcrs
a method to gage the effectivencss
of noise reduction or enginecring
control efforts. It becomes the tinal
test of the effectiveness of personal
hearing protection devices becausc
an audiogram indicates just what
the worker’s threshold of hearing
acuity is at any time.

Audiometric examinations are at
present the best way to detect an
individual’s susceptibility to noise.
By comparing the audiograms taken
at intervals, we know just how well
a person is bearing up under the
strain of a noisy working environ-
ment (see Figure 1 for an example
of an audiogram). If hearing acuity

. continues to decrease in spite of



Nk

Pa A
&' sk
0

And

Audiometry

Coauthored by James H. Delk, director of audiological
services, Royal Industries, Phoenix, Ariz., and Charles
A. Lowe, president, Charles A. Lowe & Associates, Chicago.

noise-reduction measures and per-
sonal hearing hearing protection de-
vices, the matter becomes a grave
problem for both the physician and
the personnel director.

When a noise-induced hearing loss
has been acquired, normal hear-
ing acuity cannot be restored. Such
a loss is due to destruction of cer-
tain ear structures that cannot be
replaced (see Figure 2). First af-
fected is man’s hearing of sounds
higher in frequency than those nec-
essary for communication by
speech. Therefore, most early noise-
induced hearing losses pass unno-
ticed unless they are detected by
suitable hearing tests.

As yet,there is no predictive test
that will identify persons with
highly susceptible ears. Therefore,
a hcaring conservation program
should include preplacement hear-
ing tests and routine periodic fol-
low-up tests. The first recheck
should be after 90 days. The bal-
ance of the program, as established
by the medical director, should con-
tinue on a basis of every 90 days
for employees in high-risk areas,
Less often — at intervals of every
one or two years — is acceptable
for employees not exposed to high
noise levels. )

Incidentally, by showing the
worker his personal record of hear-
ing acuity, the nurse or physician

may have an effective method to
promote the use of hearing protec-
tive devices.

The success of an effective hear-
ing conservation program is depen-
dent to a great extent upon the va-
lidity and reliability of the audio-
metric data obtained by the person-
nel responsible for the hearing mea-
surement of employees.

To emphasize the importance of
accuracy in conducting the audio-
metric tests it is well to remember
that legal decisions involving large
sums of money may be based on the
work of the audiometric technician.
Even more important may be medi-
cal decisions affecting a man’s hear-
ing for the rest of his life. In this
connection, it is well to remember
that the amount of hearing loss pro-
duced by a given noise exposure
varies from person to person, and
it is vitally important to discover
early noise-susceptible individuals.

-

Acoustic Environment

Basically, a quiet area — usually
found to be best in the basement
or on the top floor — is requisite
for audiometric testing. It should be
away from outside windows, walls,
elevators, noisy halls, or other un-
controllable noises. Pre-fabricated
booths are available and have many

advantages. They are probably the
best for the purpose.

There are several charts avail-
able that show the noise levels al-
lowable in the testing room (see
Figure 3). Valid measures of hear-
ing aculty cannot be made unless
noise levels in the examination room
are low enough sa as not to mask
or interfere with the puretone
thresholds of the test frequencies.

It is recognized, of course, that
the location will also be governed
by convenience considerations so
employees will not lose too much
time from work. If possible, have
the booth located within the gen-
eral medical dispensary area.

Background of Audiometry

The audiometer was developed
to replace electronically the tuning
fork, and originally it utilized the
same octave frequencies. More re-
cently, half-octaves have been add-
ed. While many otologists still pre-
fer to use tuning forks, in at least
one respect the audiometer is su-
perior: Intensities can be controlled
much more accurately; therefore,the
results can be more carefully quan-
tified.

An audiometer is a frequency-
compensated audio-signal generator.,
It produces pure tones at various
frequencies and intensities for use
in measuring hearing acuity (see
Figure 4).

Vacuum tubes made possible the
first audiometers and were contin-
ued in exclusive use until recent
years. Instruments of that type re-
quire a “warm-up” period of at
least five minutes, Ideally, they
should be turned off only at the end
of the day.

“Solid-state™ circuitry is basic in
newer audiometer design. These in-
struments are not only lighter and
more compact, but they require no
warm-up period if fully transistor-
ized. They may be turned on and
off as needed. As there is no heat
generated, they are also more stable
and more reliable than vacuum tube
instruments,

No matter which type of audio-
meter — regardless of the make or
model — an audiometrician must
know his instrument intimately be-
fore he starts testing others.
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Figure 2 depicts a cross-section drawing of the outer, middle, and inner ear struc-
tures. Noise-induced hearing loss is due to the destruction of certain ear structures

(any of areas shown in color).

Dials or Controls

The labels or names may differ
on different audiometers, but basic-
ally, the function is the same re-
gardless of where the control may
be located on the pancl—or wheth-
er the control is a dial, a push-
button, or a toggle switch.

Power Switch — This may be la-
beled simply “Off” and “On.” It
may be a pasition on the *“Output
Controi” or “Phone Selector™
switch. There will usually be an in-
dicator light that will glow when
the current is “on.” Sometimes
will be a light behind the dials to
shine through when the instrument
has power. If the light doesn’t light,
check the connection to the electri-
cal outlet first; then check the audi-
ometer fuse and finally the bulb
itself.

Output Control — This permits
selection of “Right” or “Left” ear-
phone or bone oscillator. As noted
beforc, it may also be used ds an
“off and on” switch. The earphones
are color-coded to indicate the ear:
red or grey for right; black or blue
for left.

Tone Interrupter — This is used
either to interrupt the audible signal
or to present a tone signal when it
is depressed — depending on the

position of the Tone Interrupter
(TI) Reverse Control switch.

T1 Reverse Control — When this
switch is in the “Normal” or “On”
position, the tone is continuously
on and the Tone Interrupter switch
interrupts the tone. When in the
“Reverse” or “Off” position, the
tone is introduced when the Tone
Interrupter switch is depressed. It
then becomes a tone “‘Presenter.”
This is the recommended position
of this switch so it will always be a
tone presenter.

" Hearing Level Control—Former-
ly often called a “Hearing Loss”
dial, rotation of the Hearing Level
Control knob provides variable con-

trol of the signal intensity. Usually
the intensity is varied in five dB
steps in reference to the so-called
“normal” threshold. This control is
often referred to as the “Attenuator”
dial or “Decibel” or *“Volume”
control.

Frequency Control — Turhing
this dial selects the frequency of
the pure tone to be used as the
test signal.

Under the agreed standards for
work, audiometric technicians in
industry are not concerned with
bone conduction, masking, spcech
audiometry, loudness balance, or -
any of the other tests which your
audiometer may make possible.
While these tests are important to
the otologigt as the basis for diag-
nostic and rehabilitation studies, the
industrial audiometric technician
should not be asked to make them.

Audiometers are delicate instru-
ments and every technician should
routinely follow some simple but
basic rules:

1) Handle every instrument with
care;

2) Handle receivers with “‘ten-
der loving care.” They are not
interchangeable and must not be
bumped or allowed to become over-
heated. Avoid exposure to any sharp
temperature change. The earphones
should be .stored with the cushions
touching and facing each other.

Every technician should know his
own hearing thresholds 1n order to
check the audiometer.

Each morning the technician
should check through the test fre-
quencies on each earphone. In do-
ing this the cords near the recciver
and near the instrument should be
flexed while the hearing level dial

MAXIMUM ALLOWABLE BACKGROUND OCTAVE BAND SOUND
PRESSURE LEVELS FOR AUDIOMETRIC TESTING

Octave Band
Frequencies, Hz

Sound Pressure Level
dB re 0.0002 ; bar 40 40

250 500 1,000 2,000 4,000 6,600 8,020

40 47 57 62 67

Figure 3 shows a portion of the criteriu, published by USASI, for the maximum o
lowable Sound Pressure Level (SPL) that will permit hearing tests to be made at
various frequencies without the danger of masking. The amount of noise attenu-
ation required for a satisfactory testing environment depends upon the lowest hear-
ing level to be measured in the room, the frequencies to be tested, and the noise
level of the particular location.
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is set at 50 dB (or louder) to be
sure there is not intermittency or
scratchiness.

The headband should be checked
to assure sufficient tension.

If the instrument is not used dai-
ly it may be necessary to rotate the
attenuator (hearing level dial) rap-
idly to eliminate scratchiness.

Monthly — or at the most every
90 days, make a “biological” check
of the instrument’s calibration. That
is, keep records on three to five
normally hearing young adults (if
possible) and check the level of
hearing acuity of this group each
month. Have these people listen for
hum in the output circuit by listen-
ing through the receivers alternately
with the hearing level dial set at
zero, 50 dB and 90 dB with the
tone “On” and with it “Off.”

Check for tone in the “quiet”
earphone by disconnecting one and
then the other. In two-room ar-
rangements the shielded wires may
touch and cause the tone to cross
over.

Any time there appear to be too
many losses at the same frequency,
check the two earphones for loud-
ness balance. That is, check one ear
with the red earphone, for example,
then check the same ear with the
blue earphone to see if the threshold

-of ‘acuity is the same with both ear-
phones.

Annually — return the instru-
ment to the dealer from whom it
was purchased for a “Certified” cal-
ibration. When the instrument is
returned, recheck the “biological re-
calibration group™ to be sure that
nothing has happened in transit to
upset the calibration, and to be sure
group records are correct.

There are two distinct types of
audiometers (see Figure §) — the
conventional or manually operated
model, and the automatic, which
allows the subject to conduct his
own hearing test. Consider the defi-
nite “‘pros and cons” before select-
ing the type for your program.

Control of subject — The tech-
nician can observe the response of
the subject when using a manually
operated unit. Is he cooperating?
Is he trying to malinger? Does he
understand what is being asked of
him. The technician can determine
all of these and can instruct and
control the subject as the test pro-
gresses.
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Figure 4 shows an example of a typical audiometer. Note the ear-phone and micro-

phone attachments,

Time — The average industrial
hearing test for a pure tone audio-
gram usually averages ten minutes
time. When a worker is retested at
periodic intervals, the tests usually
proceed much faster. There is an-
other factor to consider, however.
After a technician conducts manual
hearing tests for several hours, there
is a tendency to become bored and
either lose interest or use some ex-
cuse to delay further testing. Period-
ic rechecks are the first to “go” or
suffer from this factor.

Cost — A basic pure tone air con-
duction audiometer with masking
lists between $275.00 and $375.00.
It is not necessary for the industrial
clinic to invest in the more sophisti-
cated models capable of conducting
bone conduction and speech dis-
crimination tests.

Service—Whereas audiometers of

VAN

reliable manufacturers carry a onec-
year guarantee, calibration and fre-
quency accuracy should be checked
every six months. Qut-of-guarantee
service charges are usually modest.

Control of Subject — The worker
is instructed to push the button on
the subject signal cord when he
hears the tone and release it when
he can no longer hear it. This pro-
cedure sounds simple, and it is.
Theoretically, the technician is free
to do other things and leave the
worker alone.

Time — A worker of average
intelligence and cooperation can fin-
ish the test in six minutes. However,
a slow-witted individual can waste
a lot of time learning the procedure.
The audiometer continues to move
when the recording stylus is set in
motion. This confuses many people,
and a worker can produce some bi-

Figure 5 depicts representatives of the two types of audiometers. On the left is o
fully automatic unit — one that is operated by the subject — and on the right is

the manual one that requires a technician.



Audiometer Zero Reference Levels—A comparison of 1951
American Standards Association (now USASI) values and
1964 International Organization for Standardization values.

Reference Threshold Levels
Frequency 1951 ASA 1964 1SO Differences

125 54.5d8 45.5 dB 9 dB

250 39.5 ' 24,5 : 15

500 25 N 14
1000 16.5 6.5 10
1500 (16.5) 6.5 (10)
2000 17 8.5 8.5
3000 (16) 7.5 (8.5)
4000 15 9 6
6000 (17.5) 8 (9.5)
8000 21 9.5 11.5

The figures shown in parentheses () are interpolations.

Figure & is a conversion fable. It can be used to reconcile the figures from two audio-
grams that have been plotted to the different reference levels — ASA and iSO.

zarre audiograms requiring several
retests.

Cost — Automatic audiometers
list for approxinfately $1,700.00.
A factory with less than 500 em-
ployces will usually find the manual
type better suited to its needs.

Service — The Automatic audi-
ometer is guarantecd for one year.
Calibration and frequency accuracy
should be checked every six months.
However, this type of machine does
requirc more frequent service calls.
The moving stylus, ribbon, gears,

etc., cause problems not found in -

manual types.

Normal Thresholds—The “zero”
line on the audiometer is supposed to
represent the average threshold level
of hearing acuity for young, nor-
mally hecaring adults. The first zero
reference level resulted from the
Umted States Public Health Survey,
made in 1935-36 and commonly
known as the “Beasley Report.” The
American Standards Association
(Now USASI) used those figures as

.a basis for the standard known as
ASA-1951.

Several European countries used
a “norm” that was lower (better)
than the U.S. standard, The Inter-
national  Standards Organization
(I1SO) finally brought about agrec-

ment on a new set of figures to usc as,

~ a basis for the zero line of the audi-
ogram. These arc known as the
1964 ISO reference levels, which

are gradually being accepted and

uscd throughout the United States.
The 1SO levels average about 10
dB less than the U.S. levels. Ex-
ample: Zero at 1,000 Hz would be
-10 dB on a U.S. audiogram, etc.

The audiogram should always be
checked as to whether the ASA-
1951 or ISO-1964 reference level
is being used. That is, to which
threshold standard has the audiom-
eter been calibrated.

There is a conversion table (sece
Figure 6) that can be used if it is
necessary to reconcile the figures
from two audiograms that have been
plotted to the different reference
levels.

(It is well to remember that the
numbers govern the expression as
to whether a threshold is “lower”
or “higher”: Lower numbers in the
threshold indicate better hearing
and, though the lines will be higher
on the graph, the threshold is said
to be ‘“lowered.” Higher numbers
indicate a worse, or poorer thresh-
old of hearing acuity, and it is said
that the threshold is “raised” even
though the lines are lower on the
graph.)

The Audiogram — This chart
will vary according to the need or
the habit of the medical department
but, basically it consists of a graph
with frequency indicated along the

abscissa and intemsity along the

ordinate.

The symbols for the air conduc-
tion threshold for the right car may
be kept in mind by remembering the
three “R's”: Red, Round, and
Right. Blue or black crosses are
used for the left ear.

Numerical charts facilitate the
keeping of records for successive
audiograms, Frequencies are set out
at the top of vertical columns. Dates
of the tests usually appear on the
left and the initials of the tester on

the right side of each row of figures.

There are other types of forms,

which have been suggested by the
Subcommittee on Noise in Industry
but they are simply different vei
sions of these basic types adapted
to particular usage. For example,
one form is especially adapted for
use with computers for research
purposes.
* The frequencies involved in a
test vary with requirements of medi-
cal departments and state laws. The
basic ones are 500, 1,000, 2,000
3,000, 4,000, and 6,000 Hz. Son.-
times 1,500 Hz is used — when
available on the audiometer. Some
state regulations or medical depart-
ments call for 250 and 8,000 Hz
tests. Generally speaking, most
medical departments ignore 250
Hz as being of little significance;
8,000 Hz is ignored because of the
unreliability of measurcments made
at that frequency.

Time of Day to Make Measure-
ments — ldeally, before sturt of
work in a noisy environment and
at least 16 hours after the last ex-
posure are the best times to test
hearing acuity. Employees will thus
have ume for recovery from ai
threshold shift of a tcmporary na-
ture (TTS) that has resulted from
noise exposure.

A reminder — Always turn the
instrument “on” to give it a few
minutes to warm up before starting
the test if you are using a vacuuni-
tube audiometer.

Have the subject seated in a com-
fortable chair and facing to the sidc.
In this way the tester can watch the
facial expression and the subject
cannot observe the manipulation of
the controls. If both subject and
operator are in the same room, the
subject should be seated on the op-
posite side of the audiometer from
the operator. To help the subject
relax he should rest his arm on a
table or on the arm of his chair.

It must be emphasized that the
following suggested procedure does
not purport to bec the ONLY suc-
cessful method of establishing a
threshold. On the other hand, it
should be emphasized that the test-
ing technique adopted or taught
the medical department must be foi-
lowed consistently without devi-
ation. That is, the technician must
not attempt different testing proce-
dures 1o try to expcdite his work
or to r.lieve monotony.

N
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Before starting thc test, instruc-
tions must be given clearly and re-
viewed to be sure they are under-
stood.

The following is an example of
instructions that might be given:

I am going to test how well
you can hear faint sounds.
These sounds will be like this

. Demonstrate by holding
carphones in hand while tones
are shifted in high and quite
audible intensities of 90 or
100 dB. (In a two-room set-up
let the subject hold the ear-
phones in his hands.) Just as
soon as each tone comes on,
and as long as each tone is on,
raise your finger and keep it up
to show me you are hearing the
tone. Lower your finger quick-
Iv when the tone disappears.
(Demonstrate!) Any time the
tone is off or you cannot hear
it, keep vour finger down. No
matter how soft, faint, or far
away the tone sounds, as soon
as vou think you hear it, raise
vour finger and keep it up as
long as you think you hear it.
I will test your right ear first
and then your left unless you
think your left ear is a great
deal better than the right — in
which case I will test the left
ear first.

Be sure the subject understands
the instructions before proceeding
with the test.

The headset must be placed care-
fully on the head of the subject, by
the operator, so the openings of the

earphones will be properly in line,

with the ear canal. Earrings and
glasses with heavy bows should be
removed so the receivers will fit
comfortably and snugly and help
shut out external noises. The re-
cewver cords should be in back of
the subject to minimize distracting
noises, which may result from the
rubbing of the cords during the sub-
ject's movements. Be sure the color
code on the receivers corresponds
with the ear under it. A good prac-
tice is to form the habit of always
taking the red recciver in your left
hand and the blue one in the right
when placing the carphones on the
head of the subject.

It is always wise to check the
controls of the audiometer before

starting the test: Power Switch, ON
(as mentioned earlier, this should
be done before the subject is seated
and the instructions are given so the
instrument will have time to warm
up); Frequency Control, 1,000 Hz;
Hearing Level Control (attenua-
tor), Zero dB; Tone Inicrrupter
Reverse Control, REVERSE or
OFF (Remember to make the TI
Switch a “Presenter”); Qutput Con-
trol, AIR or RED (these controls
may be separate or together). If
there is a Masking Switch be sure
it is in the OFF position.

Step by step, the usual testing
procedure is as follows:

1) Have the subject close his
eyes to shut out visual distraction.
Start at 1,000 Hz with the Hearing
Level Control set at zero. Hold the
Tone Interrupter switch down while
the Hearing Level Control dial is
gradually rotated upward through
the numbers until the subject raises
his finger to indicate he is hearing.
Release the Tone Interrupter switch
immediately so the tone will not
continue to be presented. It is wise
to form the habit of re-presenting
the tone at this level to be sure the
subject is well acquainted with the
tone he is expected to hear.

2) Reduce the intensity by turn-
ing the Hearing Level Control dial
down to a 10 dB lower number and
present the tone once more. If the

subject responds at this level, reduce
the intensity another 10 dB and
present the tone again. This second
step is rarely necessary if the in-
tensity was raised slowly enough
through step one and the instruc-
tions were understood. If necessary,
however, reduce the intensity in 10
dB steps until the subject no longer
responds when the tone is presented.

3) Turn up the Hearing Level
Control five dB and re-present the
tone signal two_ or three times. If
the subject fails to respond, the in-
tensity is increased another five dB
and the TI switch is again depressed
briefly two or three times. This
procedure is repeated only until the
subject responds. This threshold in-
dication is then bracketed by lower-
ing and raising the intensity in five
dB steps until the subject responds
at least 50 per cent of the time when
the tone is introduced. It is thus a
determination of the point of least
audibility to be recorded on the
audiogram.

Do not, however, record this
point at 1,000 Hz as it is consid-
ered to be practice by the subject to
be sure he understands the instruc-
tions. The first point to be recorded
is that determined by going through
the same procedure at 1,500 Hz —
or 2,000 Hz if the 1,500 Hz 1s not
to be tested.

Repcat the three steps for all fre-
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Figure 7 is an audiogram of an individual showing the first stages of acoustic trauma
or the effects of prolonged exposure to excessive noise. Note the decided "notch” at

the 4,000 Hz frequency.




quencics by rotating the Frequency
Control clockwise. After checking
6.000 Hz. check 1,000 Hz, then
500 Hz and 250 Hgz, if necessary.

Carefully avoid a rhythmic pat-
tern in all opcrations to prevent
anticipatory or inadvertently incor-
rect responscs by the subjeet,

After all frequencies have been
tested and recorded for one ear,
turn the Phone Selector Switch or
Ourput Control to the other ear and
repcat the outlined procedure. If
the subject has demonstrated that
he has understood and followed the
initial directions without difficulty,
it is not neccssary to repeat the
*practice” session with 1,000 Hz
tone in the second ear. Start at the
lowest frequency and work upward.

Upon completion of the test fill
out all the required forms. At this
time the “recheck™ audiograms may
be compared to determine if there
is nced for otologic attention.
Should there be any substantial va-
riance in the threshold of acuity, the
subject may be recalled for further
testing. a shift in noise environment,
additional ear protcction, or what-
ever the medical director may pre-
scribe.

Figure 1 indicates a normal hear-
ing subject. Responses at 10 dB and
15 dB can also be considered nor-
mal or not compensablc However,
they may indicate a trend. especial-
ly if there 1s a drop at 2.000, 3.000,
or 4,000 Hz. Prolonged exposure
to excessive noise usually results in
a “notch” at 4,000 Hz (sce audio-
gram Figure 7) that indicates a
noise-sensitive ear. Continued ex-
posurc can result in a scrious loss
as shown in Figure 8.

The only medically and legally
accepted hearing test 1s the audio-
metric examination. —End.
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Training Courses for Audiometric Technicians in Industry

The American Association of In-
dustrial Nurses, in an cffort to stan-
dardize and improve audiometric
techniques, has worked with repre-
scntatives  {rom  the  American
Specch and Hearing Association,
the American Industrial Hygicne
Association, and the Industrial

Association, the Industiial Hy-
giene Association, the Ameri-
can Industrial Nurses Associa-
tion, and the American Speech
and Hearing Association have
been devising a syllabus for a
course of study for audiometric
technicians in industry; and

Medical Association in preparing
an outline for training audiometric
technicians for industry.

Similarly, the American Speech
and Hearing Association Executive
Council passed the following reso-
lution:

Whereas, it is desirable that
ASHA assume a position of
leadership in training audio-
metric technicians; therefore,

RESOLVED, that the Execu-
tive Council endorse in prin-
ciple a two and a half day pro-
gram of traiming for audio-
metri¢ technicians in industry
as outlined in the draft of
Guidg for Training Techni-
cians¥in Industry, dated March
10, 1965.

Whereas, there is a need for
hearing tests to be performed
in industrial settings; and

Whereas, representatives of the
American Industrial Medicine

i
;

COURSE OUTLINE

Topic l—one hour

1) Hearing conservation in industry—why?
Audiograms—A routine part of physical examination

programs.
Economic and social aspects.

2) Obijectives of training program
Valid audiograms and records
Medical referral and follow-up
Ear protection

Topic ll—one hour

1) Basic discussion of how the ear functions (Anciomy
and Physiology) See instructors guide for reccn:-
mended films

2) Causes of deafness

Topic lll—one hour
1) Physics of sound and its measurement

2) Demonstration of noise measurement with nois. lave!
meter and analyzer

Topic IV—one hour

1) The Audiometer
What it is and how it works
Its calibration and care

Topic V—four hours

1) Demonstrate audiometric techniques (AlHA Noise
Manual Chapter 8) including instructions to the
subject—one hour

2) Pitfalls in audiometery ¥ hour
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The objective of the program is
to train industrial audiometric tech-
nicians to:

1) perform pure tone air con-
duction audiograms;

2) implement an adequate hear-
ing protection prograni;

3) asslst management in plan-
ning and carrying out a hearing
conservation program in industry
under medical supervision.

Additional guidelines for devel-
oping courses are as follows:

o Courses should be planned
through local speech and hearing
centers that have adequate equip-
ment and personnel to conduct the
course as recommended;

o The director of the course should
be an otologist, otolaryngologist,
other physician, or an audiologist,

who has experience in industrial
hearing conservation programs;

e The guide for instructors should
be followed both for selecting fac-
ulty and developing lectures;

e The course must follow the guide
and cover 20 hours of instruction
and practice;

e Students should be encouraged
to purchase some reference books
(see bibliography).

o Students should be encouraged
to take a rcfresher course of at
least. one day, six months to a year
from the date of the original course;

e All audiometers used should
meet AAQO specifications;

e Booths should meet USASI spec-
ifications;

e Various types of ear protective
devices should be demonstrated.

3) Supervised Audiograms—2% hours (Practice)
Each student performs audiograms on numecrous
people (all audiogram records are kept <y iech-

nician for discussion purposes; Topic VI).

Topic Vi—four hours

1) Review of audiograms performed and add.lional

practice—one hour

2) Types of audiograms—their significance and inter-

pretation—one hour

3) Practice—two hours

Topic Vil—two and one-half hours

1) A Hearing Conservation Program in industry—one
hour (Film may be used with lecture)

2) The Nurse's Responsibility in a Hearing Conservation

Program—one hour

3) Record Keeping—Y hour

Topic Vili—one hour

Medical-legal Aspects and Trends in Compensation

Laws

Topic IV—two hours

Hearing Protection and Noaise Coatrol
Lecture - Film - Demonstration

Topic X—two anu one-half hours

1) Ceneral Review and Examination

2) Continued practice 1n taking audiograms

J) Certificate of attendance.

verman, Hearing and Deafness, Holt
and Rinehart, New York, 1960,

Industrial Noise Manual, 2nd Edi-
tion, Amencan Industrial Hygiene
Association, Detroit, 1966.

Oyer and O'Nelll, Applied Audiom-
etry, Dodd, Mead, New York, 1959.

Gulde jor Indusirial Audloineric
Technicians, Employers Insurance
Company, Wausau, Wis,, 1967.

American Standard Specifications
for Pure-Tone Audiometers for Screen-
ing Purposes (224.12-1952), USASI,
New York, -

© GLOSSARY

AAOO~The American Academy of Oph-
thalmology and Otolaryngology is a pro-
fessional organization of medical specialists
who establish standards pertaining to vision
and hearing. It is also the sponsor of the
Subcommittee on Noise in Industry’s Re-
search Center.

Air Bone Gap—is the difference in deci-
bels between the hearing levels for a
particular frequency as determined by air
conduction and bone conduction.

AMA Hcaring lmisairment Formula
— The American Medical Association, with
the support of the American Acao ' v of
Ophthalmology ond Otolary~goiogy, has
established a formula for hearing impair-
ment based on the average of the hearing
levels of the three speech frequencies of
500, 1,000, and 2,000 Hz.

Barotrauma—is on injury to the ear
caused by a sudden alteration in baro-
metric pressure.

Acuity—in this sense pertains to the sen-
sitivity of hearing.

Attenuate—is to reduce in amount as
in audiometry by turning the hearing level
dial in units of 10 or five decibels in order
to obtain a threshold of hearing.

Audible Range—is the frequency range
over which normal ears hear—approximate-
ly 20 cycles through 20,000 cycles. Above
the rangeo of 20,000 cycles, the term ultra-
sonic is used., Below 20 cycles, the term
subsonic is used.

Audiogram—is a record of hearing loss
or hearing level measured at several dif-
ferent frequencies — usually 500 to 6,000
cycles. The audiogram may be presented
graphically or numerically.
Audiologist—is a person trained in the
specialized problems of hearing and deaf-
ness.

This glossary has been adapted from the
Guide for Industrial Audiometric Technicians,
published by the Safety and Heaolth Services,
Employers Insurance of Wausav, Wausau, Wis.
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Audiometer—is a signal generator or
instrument for measuring objectively the
sensitivity of hearing in decibels or inten-
sity, frequency or pitch.

Audiometric Technician—is o person
who is troined and qualified to administer
auvdiometric examinations.

Automatic Audiometry—is the method
most often used for tosting large numbors
of persons. It eliminates the need for a
technician except to begin the test. The
subject controls the presentation of sound
and records his response.

Bone Conduction Test—is a special
test conducted by placing an oscillator on
the mastoid process to determine the nerve-
carrying capacity of the cochlea and the
eighth cranial (auditory) nerve.

Calibrate—is to check an audiometer
for uniformity or accuracy. It may be done
biologically and electronically.

Cerumen—is hardened ear wax.

Cochleg—is the auditory part of the
internal ear, shaped lke a snail shell. It
contains the basilar membrane on which
the end organs of the auditory nerve are
“distributed.

Conduction Deafness—is on impair-
ment of hearng due to the failure of
vibrations to be transmitted to the cochlea.

This type of deafness can often be cor- -

rected medically or surgically.

Damage Risk Criteria—is the sug-
gested base line of noise tolerance which,
if not exceeded, should result in no hearing
loss due to noise.

Deaf—is the term used to describe a
person who has lost his hearing before the
speech patterns were established.

Deafened—refers to a person who has
lost his ability to hear after normal speech
patterns were established.

Decibel—is o dimensionless unit express-
ing the logarithmic ratio of two amounts of
pressure, power, or intensity.

Eustachian Tube—is a structure cbout
2Y% inches long leading from the back of
the throat to middle ear. It equalizes
the pressure of air in the middle ear with
that outside the eardrum.

Hearing Level—waos formerly called
"hearing loss’ and is the deviation in deci-
bels of an individual’s threshold from the
zero reference of the audiometer.

Frequency—is the number of vibrations
(expressed in cycles per second or Hertz).
It is sometimes called pitch or the highness
or lowness of sound. High frequencies
damage more easily than low frequencies
in noise-induced hearing loss.

Hearing Conservation—is the preven-
tion or minimizing of noise-induced deaf-
ness through the use of hearing protection
devices and the control of noise through
engineering methods.

Interrupter Switch—is usuolly called

the “presenter switch” because it permits
the stimulus to be presented or cut off from
the earphones but it leaves the audiometer
circvits in operation, making it possible to
change the frequency and intensity level
of the tone.

High Frequency Loss—refers to a defi-
cit starting with 2,000 Hz and beyend.
Ear Dofondars=or simply plugs or muffs
designed to keep noxious noise from the
ear to preserve hearing acuity.
Mu|ingerer—is one who pretends deaf-
ness or other abnormalities.

Masking—is the stimulation of one ear
of a subject by controlled noise to prevent
his hearing with that ear the tone or sig-
nal given to the other ear. This procedure
is used where there is at least 15 10 20 dB
difference in the two ears.

Meniere’s Disease—is the combination
of deafness, tinnitus, and vertigo.

Monaural Hearing—refers to hearing
with one ear only.

Noise—is any unwanted sound.

Noise-Induced Hearing Loss—is the
terminology used to refer to the slowly pro-
gressive inner ear hearing loss that results
from exposure to continuous noise over a
long period of time as contrasted to acoustic
trauma or physical injury to the ear.

Nonauditory Effects of Noise—refers
to stress, fatigue, work efficiency, and per-
formance effects of loud noise that is con-
tinuous.

Octave Band—is on arbitrary spread of
frequencies.

Organ of Corti—is on aggregation of
nerve cells lying on the basilar membrane
that picks up vibrations and tronsmits them
to the brain where they are interpreted as
sound. It is the “heart’ of the hearing
mechanism.

Ossicle—is a small bone, any member of
a chain of three bones from the outer mem-
brane of the tympanum (eardrum) to the
membrane covering the oval window of
the inner ear.

Otitis Media—is an inflammation and
infection of the middle ear.

Otologist—is a physician who has spe-
cialized in surgery and diseases of the
ear.

Otosclerosis—is hardening of the ear
coused by a growth of bony tissue about
the foot plate of the stapes and the oval
window of the inner ear. It results in a
gradual loss of hearing. Surgery can often
correct this.

Paracusis Willisii—is the sensation of
o deafened person indicating that he can
hear better in a noisy area.

]
Presbycusis—is the hearing loss due to
oge and the loss of nerve capacity. It is be-
lieved by some to be the degeneration of
the nerve cells due to ordinary wear and

tear on their structure as a result of envi-
ronmental noise.

Psychogenic Deafness—s that originat-
ing in or produced by the mental reaction
of an individual to his physical or sociai
environment, It is sometimes called func-
tional deafness or feigned deafness.
Recruitment—is the condition in which
an individual parceives an abnermally
rapid Increase In loudness as the sound
pressure goes up. it is usually characteris-
tic of severe sensorineural deafness.
Sensorineural Deafness—is nerve deaf-
ness or the lack of sensitivity of the audi-
tory mechanism in the cochlea or paralysis
of the acoustic nerve. This was formerly
called inner ear impaoirment or perceptive
deafness.

Semicircular Canals—are the speciai
organs of balance that are closely associ-
ated with the hearing mechanism and the
eighth cranial nerve.

Single Frequency Screening Test—
is a fast method of rechecking hearing acu-
ity using the 4,000 Hz frequency. The
measured value of the threshold of 4,000
Hz up to 50 dB can be considered an
upper limit for any threshold shift that
might have occurred ot other lower fre-
Guencies.

Sound—is the sensation produced through
the organs of hearing—usually by vibra-
tions transmitted in a material medium,
commonly air.

Sound Level Meter and Octave
Band Anailyzer—are instruments for
measuring sound pressure levels in deci-
bels referenced to 0.0002 microbars. Read-
ings can also be made in specific octave
bands, usually beginning at 75 Hz and
continuing through 10,000 Hz.

Speech Perception Test—is a measure-
ment of hearing acuity by the administra-
tion of a carefully controlled list of words.
The identification of correct responses s
evaluated in terms of norms established

by the average performance of normal
listeners.

Speech Reading—is also called lip rcad
ing or visual hearing.

Temporary Threshold Shift (775;--
is the hearing loss suffered as the result or
noise exposure, all or part of which 15 re-
covered during an arbitrary period of tune
when one is removed from the noise It
accounts for the necessity of checking hear-
ing acuity at least 16 hours after a noise
exposure.

Threshold—is the point at which a per-
son just begins to notice the tone is becem-
ing audible.

Tinnitus—is a ringing sound in the ecrs.

Tone Deafness—is the inability to make
a close discrimination between fundamental
tones close together in pitch.

Watch Tick or Coin Click Test-
— are crude testing devices now outmoded
by audiometric measurements, which are
claimed to be as much as 10 times more
accurate.
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Auciometer Room Criteria

Introduction

IT IS DESIRABLE to have a uniform
set of criteria for the sound pres-
sure level of the background noise
that is allowable in a room used
for audiometric tests. Such criteria
make it possiblc for the designer to
plan appropriate acoustic treatment
and for the user to assure himself
of sufficiently quiet testing condi-
tions. The criteria will be stated in
physical terms, but are based upon
psychophysical data. The determi-
nation of these criteria is influenced,
thercfore. by individual differences
in the ability to detect signals in
noise, and by individua} differences
in the fit of the earphones on the
cars.

The criteria presented apply to
most situations that require a mea-
surement by earphone of hearing
loss for pure tones. It has been as-
sumed that the masking of “nega-
tive” hearing losses (hearing better
than the reference value) is toler-
able, but that all hearing losses
greater than zero must be measured
accurately. The criteria given will
usually be met only in specially de-
signed and carefully constructed au-
diometric rooms, or in prefabricated
rooms erected at carefully selected
locations.

\\\ General Consideraticns

If the sound pressure levels mea-
sured are greater than the appro-
priate values specified in Tables 1
and 2, 1t will be necessary to pro-
vide a quieter environment for the
test. This may be done by building
an cnclosure, which will exclude
sound to the requisite degree, or by
sclecting an alternate site. It is fre-
quently desirable to investigate
beth possibilitics and to sclect the

‘ TABLE 1

Maximum Allowable Sound Pressure Levels for No Masking
Abovc the Zero Hearing-Loss Setting of a Standard Audiometer

(Decibels ref 00002 Microbar)

Audiometric test

frequency (eps) 125 250 500 750 1000 1500 2000 3000 4000 6000 8000
14 octave band 125 250 500 800 1000 1600 2000 3200 4000 6400 8000
center frequency (cps)
Sound pressure level (db) 35 35 35 35 35 37 42 47 52 s7 62
14 octave band 106- 212- 425 600- 850- 1200 1700- 2400 3400 4800- 6800-
cnl-oﬂa;geq::n:iu (cps) 150 300 600 850 1200 1700 2400 3400 4800 6800 9600
Sound pressure level (db) aa 37 37 37 37 .39 R 49 54 59 64
Octave band 75 150-  300.  600- 600- 1200- 1£00- 2400- 2400- 4800- 4800~
cut-off frequencies {cps) 150 300 600 1200 1200 2400 2400 4800 4800 10,000 10,000
Sound pressure level (db) 40 40 40 40 o ' 4 47 52 57 62 67
Is a range of outside levels that may phere for the test while sccuring
be acceptable with several differ- maximum quieting of sounds aris-

ent kinds of room construction.
Such information will be helpful
when preliminary plans are made.
Detailed plans should be made only
with expert help or after careful
study of information in books on
the subject.

Features of test rooms

While the primary and necessary
requirement in test rooms is a sound
pressure level below the appropri-
ate values specified by Tables 1 and
2, it is also desirable to have a mini-
mum amount of distraction for the
observer. It is sirongly recommend-
ed that individual rooms-—or at
least sections of a room—acous-
tically and visually well separated
from each other be provided for
each subject, and that the floor be

covered with a carpet or a cushion- -

ing material to reduce impact and
scraping noises in the room. An
absorbent acoustical treatment for
walls and ceiling is recommended
to provide an appropriate atmos-

ing inside the room and those ar-
riving from outside. Comfort is im-
portant; therefore, the furniture
should be comfortable, and venti-
lation should be provided. It is also
important to employ a ventilating
system that does not produce noise
exceeding the levels specified. The
hum, which may be produced by a
poorly designed fluorescent fixture,
should be avoided.

The addition of absorbing ma-
terial to the proposed room for au-
diometer measurements is effective
by itself only where conditions are
nearly acceptable as found. When
the walls of the proposed audiom-
eter room arc heavy, and the noise
transmitted through the floor and
ceiling are unimportant, the major
source of the background noise in
the room may be acoustic leaks
around doors, windows, pipes, and
ducts. It may be necessary to install
acoustical treatment in ventilating
ducts leading to and from the room,
and to maintain low air velocities
to minimize grill noise.

TABLE 2
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Maximum Allowable Spectrum Levels for No Masking
Above the Zero Hearing-Loss Setling of a Standard Audiometer

{Decibels ref 0 (w02 Microbar for 1-cps band)

Audiometnc test

e

most economical or practical com-
bination.

The dctailed design of structures
for sound rcduction s complex.
There are general rules. however,
that must be observed. And, there

frequency {cps) 125 250 500 750 1000 1500 2200 3000 4000 6000 8000

Spectrum level of nsrrow band 21 18 15 12 12 n 16 18 2 25 30
sound whose centsr {requency
13 nearly that of tbe test tone

Notx 1° Consider only those irequency bands that contain test tones
Norx 2: These levels are approximate averages of cntena previously proposr: [4, 53 Minor fluctuations were removed from
the aversge and the results venfied by data from Glorig [6? that apply to tue wmportant {requency range below 1000 cpa
Notx 3: Theso tables apply to audi Libreted ding to American S

dards Z24.5-1951 and Z24.12-1952.




Reduction by isolation

Large amounts of noise reduc-
tion can be obtained only by pro-
viding a completely enclosed test-

ing spacc. The characteristics of a
sound nsulator—a  wall, ceiling,
or floor—differ trom those of a
sound absorber. The isolator must
be nonporous, and is principally

A double-walled
enclosure will
probably be

1 necessary.

e ne

T A high-perfor-
mance-single-
walled enclosure

Legend

. A single-walled
enclosure will
. probably be
adequate.

The opplication of
absorbing matenial
to the walls and
cetling, elimination
of acoustic leaks,
and quieting of the
ventilating system

may t;:::,:is- may allow existing
Y room to be used
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OCTAVE BAND CUT-OFF FREQUENCIES

Figure 1: Plot the sound pressure level in t

(cps)

he octave bands containing test tones on the

graph shown Observe the highest region into which these data fall (see legend above).
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effective 1n proportion to 1ts weight
per squiue foot of surface. This ef-
fect incrcases siowly with weight,
and large sound reductions are ob-
tained cconomically only by the use
of double-wall structures wherein
a complete separation between the
walls is maintained throughout by
an air space or resilient connections,

Construction method

The following procedure gives a
rough indication of the kind of con-
struction that may be necessary. In
the octave bands, which will con-
tain test toncs, mcasure the sound
pressure level at the site of the
proposed test room. Plot these as
a graph on Figure 1. The highest
range in which the mcasured levels
fall determines which of the three
general classes of room modifica-
tions is probably necessary. It 1s
assumed that noise radiated by the
floor is negligible or that a floating
floor is to be installed, that a cciling
construction will be provided that
is cquivalent to the walls in noise
reduction and permits no excessive
transmission of impact sound from
above, and that doors and windows
will mantain the cffectiveness o
the walls and cciling,.

A sigle-wall prefabricated audi-
ometric test room employing metal
demountable pancls, and equipped
with venulation and vibration iso-
lation from the floor can, in many
cascs, be used where the sound pres-
sure level falls i the upper hilf o
the arca indicated on graph in [ ip-
urc 1 (sce legend of the vanous
shaded arecas). For cxtreme cascs,
such rooms can also be provided
with double walls and can, in many
cases. bc used where the souind
pressure level falls in the “double-
wall” arca of the graph. Prctabii-
cated test rooms often prove to bhe
an economical method for obtain-
ing a satisfactory environment ior
tests.—End.

Evitor’s Noirc: The material used
here was extracted by permission 1icu,
Criteria for Background Nowse in -
diometer Rooms (S3.1-1960). T
standard is published by USASI @
copies of the complete standard 1
be obtained trom them by wriung to
USASI, 1430 Broadway, New Y o.h
City.
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25
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And Human Relallons Aspect

By Charies W. Wyman, retired
senior staff engincer, Industrial
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mg, Western Electric Co., Haw-
thorne Works, Chicago, now a
consultant to industry.
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And Human Relations Aspects

By Charles W. Wyman, retired
scnior staff engincer, Industrial
Hygicne and Safety Engineer-
ing, Western Electric Co., Haw-
thorne Works, Chicago, now a
consultant to industry.

INDUSTRY’S PRIME CONCERN
with noise is its potential harmful
eftect on employees’ hearing. Pro-
longed exposure to excessive noise
levels can causc serious permancnt
hecaring loss unless protective
measures are taken. Permancnt
hearing loss caused by excessive
cxposure is now a recognized oc-
cupational hazard and is compensa-
ble in some 35 states.

Dr. Aram Glorig, director, Cal-
lier Hcanng and Speech Center,
Dallas, one of the lcading authori-
ties on noisc-induced hecaring loss,
has stated that industrial noise is
now the most important singlc cause
ot hcaring loss.

Onec docs not fully appreciate
the magnitude of the noisec problem
unul he sees figures that indicate
half of the machines used in indus-
try are capable of producing hazard-
ous noise levels—and that some

16Y2 nilhon workers operate these -

machings.

Thus, cxcessive noise has become
another industrial hazard to be
cvaluated and controlled, similar to

This is the eighth part in a series of articles on the dev:lop-
ment of an industrial hearing conservation program. It points
out that the safety specialist has to do more than simply set
up a program and offer a variety of hearing protectors. He
has to motivate the employees to wear those protectors. Al|
articles in the series are available as reprints from NSC.

head, eye, lung, and foot hazards,
which have been with us for a long
time.

The purpose of this article is to
provide information which has been
found hclpful in selling a hcaring
conscrvation program to cmployces.

The effccts of noise on man can
be summarized as follows:

1) Excessive noise_exposure can
produce a permanent hearing loss
that may affect spcech communi-
cation.

2) Noise-induced heaﬁng loss
can be cither temporary or per-
manent or a combination of the two,

3) Permancnt noise-induced
hearing loss is duc to destruction of
certain parts of the inner ear that
cannot be repaircd or replaced.

4) Some persons are more sus-
ceptible to hearing loss than others.

5) Noise-induced hcaring loss
first affccts man's hearing of sounds
higher in frequency than those
found in normal speech communi-

cations. For this reason early, noise-
induced hearing losses frequently
pass unnoticed unless detected by
suitable hearing test instruments.

6) The major factors that deter-
mine the potentially harmful effects
of noise exposure are:

¢ overall noise level
¢ composition of noise
¢ exposure time

In addition to hearing loss, high
noise levels can cause fatigue, in-
efficiency, high labor turnover and
loss of production. Noise and vibra-
tion transmitted through a building
structure or air can become a source
of annoyance in a neighborhood
or community, creating ill will and
possible litigation.

Fundamentally, management h
the responsibility for providing a
safc and pleasant working environ-
ment for its employees. Emphasis
on mechanization and speed-up to
increase productivity has greatly in-
creased employee exposure to noise



Management must therefore give
consideration to the human relation
aspects of noise abatement and es-
tablish an effective hearing conser-
vation program to protect the wel-
fare of its employees.

Currently management’s reaction
to noise abhtermeént and hearing con=
servatlon has been varled, but on
the whole it has been favorable.
The “let’s not talk about it and it
may go away” attitude is disappear-
ing in view of impending state and
federal legislation covering noise
exposure and compensation claims
for noise-induced hearing loss. Lim-
iting factors to establishment of a
hearing conservation program in-
clude: 1) lack of an adequate bud-
get to cover the increased engineer-
ing and medical expenses; 2) lack
of trained personnel to organize
and carry out the program; 3) em-
ployee reluctance to wear ear pro-
tective devices.

Programs may vary from one
plant to another depending on such
factors as the characteristics of noise
exposure, engineering and medical
facilities, compensation laws, and
general company policy.

Essentially, a good hearing con-
servation program can be divided
into four parts:

1) Surveying operations to eval-
uate noise exposure and hazard;

2) Instituting controls to mini-
mize noise exposure;

3) Requiring employees to wear
ear protectors when harmful noise
level exceeds safe limits;

4) Providing pre-placement and
routine periodic audiometric exam-
inations to check employee hearing.

Setting up a Program

Before such a program can be
started, the hazards and plans for
a hearing conservation program
should be discussed with top man-
agecment as well as labor lecaders,
and their agreement obtained Full
cooperation  between management
and labor is essential for an effec-
tive program.

One individual should be made
responsible  for  coordinating the
tcam chiort ncecessary for carrying
out tic program, which will in-
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Anatomicol diagrom of the various parts of the human hearing mechanism is used by
Dr. Joseph Sataloff at Union Camp Company to help employees visualize how prolonged
exposure to excessive noise levels can result in irreparable hearing loss.

volve the organization responsible
for safety, plant and product engi-
neers, plant physician and nurse.
Generally, the coordinating is done
by the physician or organization
responsible for safety.

Noise Level Surveys

The first step in a hearing con-
servation program should start with
a plant-wide survey using appro-
priate sound level measuring equip-
ment to locate operations which
may expose workers to potentially
hazardous noise levels.

A decision will have to be made
as to whether sound level measur-
ing equipment should be purchased
and personnel trained to use it, or
the work should be done by an out-
sider. The size of the plant and
nature of the work will, of course,
affect this decision. In most plants
surveys are made by a qualified in-
dustrial hygienist or safety engineer.

As a rule of thumb, a noise level
that seriously interferes with normal
speech communication so that one
must shout to be heard at arm’s
length is probably in the harmful
range. In such a situation, sound
level instrument readings in the
speech frequency bands should be
taken.

Damage Risk Criteria

The American Conference of
Governmental Industrial Hygienists
at their May 1969 meeting have
adopted threshold limit values for
sound pressure levels to which
nearly all workers may be exposed
repeatedly without adverse effect on
their ability to hear and understand
normal speech.

e The boundary between noises that
cause hearing losses and those
which do not appears to be some-
where between 80 and 90 decibels
in any of the octave bands above
300 Hz. (A decibel is the unit of
measurement for sound intensity.)
According to current thinking, con-
tinuous exposure to noise in the
speech frequency range (300 to
2,400 Hz) is believed to have the
following effects on hearing.

Band Level Effects

80 decibels—no permanent damage

85 decibels—damage risk minimal

90 decibels—damage to about 10%

95 decibels—damage to about 80 to 85%

Noise-induced hearing loss can
vary from one person to another
depending on individual susceptibil-
ity. The highly susceptible employce
would be the first affected by 90
and 95 decibel levels.
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With a little getting used to, and with an understanding of their
importance, employees will wear plugs (or muffs) when exposed

to hazardous noise.

Engineering Controls

After making surveys to deter-
mine the overall noise level, com-
position of the noise, and exposure
time, a comparison can be made
with available damage risk criteria
to evaluate the hazard and consider
necessary engineering control mea-
sures for lessening noise at the
source, such as:

1) Change in plant design or
location of operation,;

2) Substitution of quieter equip-
ment, processes, or materials;

3) Confining or absorbing the
sound by barriers, enclosures, or
acoustical treatment.

The ultimate goal should always
be to climinate or reduce noise at
the source to safe limits,

Non-Engineering Controls

Experience has shown that in
many instances the rcduaction of
noise at the source to safc amis 1s
impracticable because oif cost, ume
interval require.aent (o make the
change, and loss of miuch necded
production. Progress in controlling
notse at the source has, therefore,
been slow, and tae need for hearing

WEAR YOUR |’
EAR PROTECTORS | ‘
et e
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Foundry workers are subject to high decibel noise. Hearing
protection is a must but many companies let the employees

choose the type of protection on the basis of comfort.

protection has become so urgent
that many noise problems have to
be solved by providing employees
with personal protective equipment
in the form of ear plugs and ear
muffs. These devices, if correctly
worn, reduce the intensity of the
noise striking the inner ear by 25 to
30 decibels. This amount of reduc-
tion is usually sufficient to bring
the loudest noise encountered in
most industries to within safe limits,

Safety engineers agree that selling
employees on the weanng of ear
plugs and muffs is much tougher
than selling other items of personal
protective equipment such as hard
hats, safety glasses, and safety shoes.
Hearing loss does not lend itself to
pictures or posters showing cracked
skulls, damaged eyes, or smashed
toes to remind thc worker of imme-
diate serious injury if authorized
personal protective equipment is
not worn.

Noise-induced hearing loss is so
gradual over a long period of time
that the average worker is not aware
of it. The first loss is in the range
above that needed for good speech
communication and then the loss
progressively drops down to the
speech frequency range. Early hear-
ing losses, which the employee does
not recognize, point up the need
for pre-assignment and periodic
reexamination.

Most employees, even after being
told of the hazard, do not become
particularly concerned over a little
hearing loss that may take place in
15 to 20 years. Similar apathy is
displayed by cigaret smokers, who
are being continuously warned of
the possibility of lung cancer.
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Just making hearlng protectors available
to employees does not constitute a hear-
ing protection program. To overcome an
employee’s resistance, careful fitting and
education are needed.



Getting employees to wear car
plugs or mufis will require a persis-
tent and continuous sclling job that
may tax the paticnce of supervi-
sion, safcty enginecr, physician,
and nurse.

Another form of non-engineering
control over hazardous noisc expo-
sure is to reduce exposure time
by rotating cmployees. Employees
found particularly susceptible to
noise can be transferred to work
in a less noisy area. Transferring
employces has its limitations as it
can cause pecrsonncl problems due
to loss of seniority and prestige,
lower productivity and pay.

Avudiometric Examinations

Pre-employment audiometric mea-
surements  of cmployces’ hearing
acutty will detect a hearing loss
incurred elsewhere and will protect
the employer against possible false
claims.

These measurements, commonly
referred to as an ‘“audiogram,” will
also serve as a base line for com-
parison of future audiograms to de-
tect any progressive hearing loss.

It has been reported that as many
as 27 out of 100 young workers
first entering employment may show

significant hearing loss. It is not un-
common to bring to light non-occu-

pational hearing defects, which can
be called to the employee’s atten-
tion and be corrected.

Periodic  rechecks should be
scheduled at 1% to 18 month inter-
vals depending upon the nature and
intensity of the noise and length of
exposure to detect any progressive
hearing loss due to noisc exposure.
This 1s the only way the cffective-
ness of a hearing conservation pro-
gram can be cvaluated.

To be successful. u hcaring con-
servation program must be sold to
the cmployee. In this way he will
be made to understand and appre-
ciate the cffect of noise on hearing,
and realize that he 1s being required
to wear car plugs or muffs for his
own protection—just as he 1s re-
quired to wear other devices, such
as a hard hat, satety glasses, gloves,
protective ciothing. ctc.

Obviousiy this cails for a conun-
uous sclling juo by all levels of
supervision as w.il as the plant phy-
slcian, n.o.e, & v Orzanization,
and other ssodiaied with the hear-

LET'S REVIEW THE FACTS

1.1t i3 necessary for employeces in certain
noisy areas to wear ecar protectors

2 Prolonged exposure to excessive noise
can harm the delicate hearing mechan-
{sm

3. Ear protectors such as car plugs or enr
muffs will roduce the nolse beforo it
reaches the oar drum,

4. Your job assignment will determine
whether you should wear ear plugs (in-
gerts) or muffs (covers)

8 Speech and warning signals can be
fully heard with ear protectors in noisy
shop arcas

WEAR YOUR EAR PROTECTORS

1.The nurse will fit them and Instruct
you how to wear them

3. Wear them for short periods to start
and gradually increase the wearing
time After a few days you will be able
to wear them all day with minimum
discomfort.

Suggested Wearing Time Schedule

AM. PM,

1st day = 30 minutes — 1hour
2nd day = 1hour ~= 1 hour
3rd day = 2hours — 2 hours
4thday = 3hours — 3 hours

5th day = all day — all day thercafter

&

If afier tive days the ear protectors feel
uncemfortable, come in and see the
nurse in the Company hospital

4 Ear protectors should be replaced when
they become worn, stiff or lose thelr
shape.

If ear protoctors are misplaced. 8 new
polr should be obtained without delay.
Never put soiled ear plugs into your
ears Wash the ear plugs at least once a
day with soap and water

With proper care, ear plugs should last
for several months and ear muffs s
should last for several years

bl

OTHER POINTS TO REMEMBER

1. The best ear protector is the one that Is
properly fitted and worn

H Gooql protection depends on a snug fit.
A small leak can destroy the effective-
nessipf the protection.

3 Ear p‘lugs tend to work loose as a result
of talking or chewing, and they must
be re-seated from time to time during
the working day.

4. If ear plugs are kept clean, skin irrita-
tions and other reactions should not
occur.

YOUR HEARING IS PRICELESS
PROTECT IT

Here's a sample of a card that one company issues to all of its employees who are
required to wear some form of ear protective device. it highlights the care and use

of the protectors.

ing conservation program.

Some of the procedures and prac-
tices used successfully to implement
and sell a hearing conservation pro-
gram may be of assistance.

Western ~ Electric  Company’s
Hawthorne Works began its first
hearing protection program in
1952. Employees exposed to very
high noise levels on specific jobs
were provided with ear plugs. While
wearing plugs was authorized and
encouraged, this was not mandatory
and their use was left up to the in-
dividual employece. This voluntary
program was not well accepted
by cmployces, The average worker
accepts noise associated with his
work without complaint or no par-
ticular concern as 10 his possible
heaning loss. Very few continued
to wear car plugs after a brief trial
period. It was obvious that a volun-
tary car plug program could not be
relied upon to protect employces’
hearing.

By 1961 sufficient data had been
accumulated to show that an en-
forceable hearing-protection pro-
gram was essential to the protec-
tion of cmployees’ hecaring. Man-
agement, after reviewing available
hearing loss criteria, cstablished 90
decibels in any octave band as the
maximum permissible level for ex-
posurcs of five or more hours per
day.

Now the problem became onc ot
how to implement and culurce such
a program. The solution appeared
to be an educational campaign to
impress, on the employce as well as
all levels of supervision that:

1) Excessive exposure to noise
can cause hearing loss;

2) Until noise can be reduced
to safé levels, wearing of hearing
protectors in the form of ear plugs
or ear muffs is mandatory;

3) A program to reduce noise
exposurc to safe levels will be con-
tinued by the company.

To implement mandatory wearing
of car protectors, the medical di-
rector, nois¢ control cngineer and
safety organization to.mulated an
indoctrination program to be given
to supervisors and cmployees be-
fore ear protectors were issucd. This
educational program lasted about
45 minutes and was on “company
time.” Groups consisting of employ-
ees and thecir supervsiors ranged
in size from 10 to 25 members.

The medical director explained
the anatomy of the car and the
harmful effect of excessive noise
exposure on tie hearirig mechamism,



A Typical Indoctrination Program For Industrial Hearing Conservation

Here's how one company introduces the various as-
pects and importance of its hearing conservation
program. The person in charge of the program
meets with new employees and conducts the session
pa tlloryis

‘Introduction

The purpose of this meeting is to familiarize you with
our program for the conservation of hearing. We will
present briefly the medical, industrial hygiene, and
safety aspects of our program and outline the roles each
of us plays to make the program effective.

Following these bricf discussions, we will show a film,
which will give you further understanding regarding
the important factors involved in noise control. An op-
portunity will be available during the latter portion of
this session for you to ask questions, and for us to dis-
cuss any points that may not be clear to you.

This company has been outstanding in its leadership in
the development of health and safety programs for its
employees. We have accomplished a great deal with
many safety devices, and now progress is being made
in preventing hearing fatigue — the conservation of
hearing as related to industrial noise.

The Ear — And How We Hear

The ear is the organ of hearing and is the most com-
plex of the special sense organs. It serves as a source
of communication and protection. It is divided into
three main sections:

o External Ear e Middle Ear e Inner Ear

Each section has a particular job to perform. The outer
ear collects and directs sound energy into the hearing
mechanism. When the sound waves strike the ear drum,
it vibrates and sets into motion three small bones, which
are located in the middle ear. These bones carry sound
as vibrations to the inner ear. There it is changed into
electrical impulses and is transmitted to the brain for
interpretation.

Types of Hearing Impairments

1) The ear canal may be plugged by wax, a foreign
body, or by infection so that sound cannot reach the
ear drum.

2) The middle ear may be injured by an explosion,
or infection after a cold, or the small bones may be-
come affected so that they cannot carry the vibrations
to the inner ear.

3) The inner ear and 1ts sensitive nerve endings may
be damaged by diseases, childhood infections, head
injuries, certain drugs, and age.

4) Prolonged exposure to excessive noise s now known
to cause nerve damage.

In cases of external and middle ear conditions, a phy-
sician can often cure them This 1s not always true of
inner ear damage. Once the nerve endings are dam-
aged, there is no way of restoring them, and they will
not respond to treatment-—medical or surgical.

. Ear Examinations

Ear examinations are conducted by the company phy-
sicitan and his traincd medical assistants.

The Hearing Tests

Hearing losses are found by testing with an electronic
apparatus, called an audiometer. This instrument mea-
sures the sensitivity of hearing Reguler, rovure hear-
iry lests enable us to measure any changes in your hear-
ing ability.

The audiometric test consists of finding the faintest
sound that you can hear at six different test frequencies.
The point at which you can just hear each test frequen-
¢y is marked on a card made for this purpoes. These
points are connected by a line, and the resultant graph
of hearing 1s called an audiogram.

Ear Protectors

Scientific research shows that prolonged exposure to
excessive noise can harm the delicate hearing mecha-
mism, Ear protectors—such as ear plugs or ear mufls—
will reduce the noise before it reaches the ear drum.

It is our company policy for all employees in certain
noisy areas to wear ear protectors, just as it is to use
other safety equipment.

Types of Ear Protectors Available

1) Ear plugs or inserts are designed to fill the ear
canal. Some are made of a soft pliable material, which
is molded by hand to fit the ear canal. Others are solid,
made of a rubber-like material, which is both easy ta
insert and comfortable to wear.

2) Ear muffs are designed to cover the external ear.
They are made of plastic ear cups with rubber-like
pads to insure a good seal around the ears. They are
held to the ears by a band.

Some employees prefer one type of ear protection to
another. The important thing is that you wear properly

i

fitted protectors of whichever is most comfortable for you.

The nurse will fit you and show you how to wear your
ear protectors properly. Once you are fitted properly,
you will always be able to tell whether you are wear-
ing them correctly.

In a quiet room, ear protectors will muffle sounds; in a
noisy work area, sounds such as speech and warning
signals can be heard with ear protectors worn because
the protectors reduce the background noise.

Points To Remembeor

1) The best ear protector is the one that is properly
fitted and worn.

2) Good protection depends on a snug fit. A small leak
can destroy the effectiveness of the protector.

3) Ear plugs tend to work loose as a result of talking
or chewing, and they must be reseated from time to
time during the working day. Never put soiics ecar
plugs into your ears. Wash the plugs at least vace a
day with soap and water., With proper care, ear plugs
will last for several months.

4) Don't try to adjust an ear protector yourself. If, after
wearing for a couple of days, your ear protectors are
uncomfortable, see the company nurse for adjustment
or replacement. Whenever ear protectors become worn,
stiff, or lose their shape, they should be replaced.




—F - -

The noise control engineer dis-
cussed problems associated with
reducing noise at the source and
what the engincers had done and
were doing to reduce noise ex-
osure.

; The safety cngineer emphasized
that empleyees would be required
to wear car plugs or muffs for their
own protection—ijust as they are
required to wear safety goggles, res-
pirators, and other items of person-
al protective equipment. Periodic
inspections would be made to deter-
mine compliance. Enforcement for
wearing of ear plugs or muffs would
be the responsibility of supervision.

After these talks, a 16 mm movie,
Ear Protection and Noise, produced
by the American Academy of Oph-
thalmology and Otolaryngology,

was given. This is an excellent film _

for sclling a hearing protection
program.

Employees were then given an
opoortunity to examine various
types of ear protectors. It was
agreed that ear plugs are preferable
for most operations and that ear
muffs should be provided for short,
intermittent exposures.

A question and answer period
followed, giving employees an op-
portunity to ask questions and to
express opinions on the program.
At the conclusion cach was given
a small pocket folder summarizing
the need of ear protection and sug-
gestions on wear and care of such
devices (see illustration). Later
these employces were sent to the
Works hospital to receive their ini-
tial audiometric ¢xamination, be
fitted with ear plugs, and instructed
on their use and care

Proper fitting of the car plug was
found to be the most important part
of the program as far as hearing
protection is concerned. If the plug
is too large it will cxert too much
pressure on the car canal and be
very uncomfortable. On the other
hand, it must exert sufficicnt pres-
sure on the ear canal to make and
maintain a good seal.

Here are some of the most fre-
quent complaints raised by car plug
wearers, including answers to these
problems:

1) “They hurt the car and cause
headaches.”

Answer: Propurly iitied and ad-

justed ear plugs should cause
only mild discomfort, which
should disappear when the em-
ployee gets accustomed to wear-
ing them. Pain or headache in-
dicate that a refitting or change
to a differently deaigned plug
may be required.

2) “They interfere with conver-
sation.”

Answer: Regular wearers of ear
plugs report that in high noise
arcas wearing of ear plugs
makes it easier to converse be-
cause much of the high fre-
quency background noise is
eliminated.

3) “They keep one from hearing
how machines are operating.”

Answer: Regular wearers report
that after becoming used to the
change in a familiar sound, they
can recognize machine sounds
without difficulty.

4) “They cause ear infections.”

Answer: We have had no re-
ports of ear infections due to
ear plugs. Ear plugs can be kept
clean by washing them when
you wash your hands. When not
being worn, keep them in their
protective container. '

5) “They get misplaced and get
lost casily.”

Answer: So do safcty glasses
unless one is careful.

Conclusions

Prolonged exposure to loud noise
encountered in industry can produce
pcrmanent hearing loss. Noise-
induced loss docs not respond to
treatment and cannot be restored.
This type of hcaring loss is now a
recognized compensable  occup-
tional hazard in many states.

Management has the responsibil-
ity of protecting its employces
against hearing loss and its company
against  potential  compensation
claims by instituting an effective
noise abatement and hearing con-
servation program by:

1) Reducing employee noise

exposure to safe limits through
engineering controls;

2) Providing employees with
suitable ear protcction devices
and seeing that they are cor-
rectly worn, whenever engincer-
ing controls are impracticablc.

When personal protective de-
vices are employed, there must be
an effective and continuing educa-
tional campaign to convince the
employee that he is being required
to wear ear, plugs or mufis for his
own hearing protection.

The success of a hearing conser-
vation program will depend upon
full cooperation and support of top
management, all levels of supervi-
sion and employees, as well as those
concerned with the health and safety
of the employee.—End. '
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RESPONSIBHITY for hcaring pro-
tection rests initially with manage-
ment. Adnunistering a hearing pro-
tection o1 conservation program,
however, usually is up to the safety
director It 1s his job to work out
the dctails of whom to protect, the
devices to use, how to fit those de-
vices, when to distribute them, and
all the other details of coordinating
the program and establishing con-
trol measures.

Managemcnt’s support is not
enough. The employecs have to be
won over, too.

Promoting Hearing Protection

Because of its relative newness,
hearing protection i1s sometimes dif-
ficult to get started in a plant. Mere-
ly making good ecar protection de-
vices available does not insure an
effective program. Simply saying
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that the wearing of car protection
for certain jobs and in certain arcas
is a condition of employment is na-
ive. It’s not that easy.

Finding a system that works is
often a case of trial and error, and
no one system will work for every-
one.

Employers Insurance of Wausau
(Wisconsin) has made a long-time
study of techniques that have helped
them achieve a practical and effec-
tive program of personal hearing
protection. The ideas and sugges-
tions that follow are the contri-
butions of many industrial nurses
and safety consultants.

o The logical time to acquaint
a new empioyee with hearing pro-
tection is at the time he is also
briefed on the pre-employment
physical examination, group insur-
ance, and first aid facilities, and told
about other safety devices. It should

PR
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An employec 15 shown signalling (with his up-raised finger) that he hears the tone pre-

sented by th¢  dusiniol rurse

be explained that management pro-
vides the hearing protection devices
for his protection and welfare. One
nurse told each new employee, “Our
management has concern for your
ears. We don’t want you to work
for us and retire with dcafness,
which can be prevented.”

e Hearing protection is much
more successful if the nurse, doc-
tor, or trpincd employee explains its
purpose :and fits the worker prop-
erly. Thig type of protcction should
be handléd the same way other safe-
ty measutes are handled. A pre-
employment audiogram will indicate
the employce’s present status of
hearing. Because many workers will
have high-frequency deficits above
the speech or conversation range
(sounds that are somewhat expend-
able), the technician can point this
out and say. “In the higher sounds,
your cars arc less sensitive than they
used to be. Fortunately, it is prob-
ably not sciious at this time, but in
order to prevent further damage or
deterioration to your hearing mech-
anism, the wearing of car protec-
tors will help you kecp your ears
intact. We do not want you to have

‘dead ears’ when you rcach the age
of 65.”

e Each supervisor can be asked
to give earplugs a fair t1ial by using
them for short periods of time; then
gradually work up to longer pcriods
until the plugs can be worn for a
full shift without discomfort. This
method can sell the supervisors on
the value of ear protection and also
convince them that it is not unrea-
sonable to require employees to
use it.

e At onc plant an aiert foreman



began a conversation with an cm-
ployee in a noisy arcu. It was only
natural for the two of them to shout
and strain. Then the foreman hand-
ed the worker a pair of ear protec-
tors and explained that he should
try them, not only because he would
be able to hear more ecasily but also
because he would feel morc com-
fortable and eliminate a cause of
possible permancnt damage to his
hearing. It doesn’t take long for this
type of information and approval to
spread around a plant.

e At another plant, a safety di-
rector suggested during the monthly
safety mceting that six cmployecs
try out ear protectors for one month
and make a report at the next meet-
ing. Everyone of the cxperimenters
gave cnthusiastic reports on their
experience. Onc man, who worked
in noise that was in excess of 95
dB, said that since he began wear-
ing protection, he could go home
and enjoy television much more be-
cause the ringing in his ears was
gone, and he felt less fatigued at
the end of the day.

e At one foremen’s meeting,
where hearing protection was em-
phasized, the occupational health
nurse used an audiometer and
checked the foremen’s hearing at
the 4,000 Hz frequency—with and
without ear protectors. The demon-
stration proved quite convincing
when the group found that it took
25 more decibels to obtain a re-
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An employee with marginal hearing loss will better appreciate the importance of wear-
ing ear protection when a nurse takes the time to interpret his hearing test results.

sponse from a worker when he was
wearing protectors.

e One nursing supervisor re-
ported that the task of selling ear
protection to the employees in her
plant had not been as bad as she
thought it would be after she re-
covered from the initial shock and
disappointment of learning that
workers just do not rush to the
health service for car plugs or muffs
when told that they are available.
Damage to the dclicate nerve end-
ings in the inner ear continues with-
out warning and without pain. A
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A non-medical explanation of an audiogram by a nurse or trained technician will help
point out the need for wearing personal protective devices.
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worker can experience a hearing
loss without actually noticing it un-
til he is unable to hear speech
sounds. The nurse stated: “Wc have
something to offer the worker that
we have overlooked until now. What
man wants to lose his hearing need-
lessly? Who wants to be rewarded
at retirement time with deafness
that medicine or surgery is unable
to correct? The real answer is sim-
ply to explain the facts by using the
sound and sensible argument that
the employee benefits most. It is no
different from the reason for wear-
ing safety glasses or any other safe-
ty device or equipment. Who wants
to retire with dead ears?”

o Another occupational health
nurse reported on her success in
providing hearing protection in a
large paper mill. “In our firm, the
problem was solved when I began
to explain audiogram results to the
workers. I interpret vision test rc-
sults in a simple and unmedical
manner. Why shouldn’t 1 take the
mystery out of the dips and curves
of an audiogram, especially when
thcy are high frequency scores,
which are indicators that the noise
is damaging their hearing long be-
forc it encroaches on the valuable
spcech  frequencies?” This same
nurse developed another idea that
worked for her. Because their plant
worked rotating shifts, there is al-
ways one crcw that sleeps in the
daytime. Taking advantage of this
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An ear chart is a valuable aid to the nurse or technician when explaining how ear
protection prevents hearing loss due to noise exposure — also that plugs or stopples
will not injure the eardrum, a fear many employees have.

situation, the nurse called each man
to her office before the shift changed
and fitted him with ear plugs to wear
while sleeping. The men came back
to her and enthusiastically reported
on the value of this protection in
eliminating or curbing the noise of
children at play and even that of the
vacuum cleaner in the adjoining
room while they were trying to
sleep. The same workers found that
ear plugs were as successful at work
as they were at home because they
added to their personal comfort.
This discovery, of course, is what
the nurse had in mind all the time,

e With the help of a foreman,
another occupational health nurse
solved the problem of getting men
to audiometric rechecks before they
were exposed to saw and planer
noise. It is necessary for men to
have a [6-hour reprieve from nox-
ious noise before they are given an
audiometric examination, but this
wasn’t practical in order to check
all the employees working on a par-
ticular shift because there wasn’t
enough time to check them at 7:00
in the morning. The foreman sug-
gested that on the following day
the nurse talk to each man sched-
uled for a heaning check about the
necessity of wearing ear plugs until
the nurse scheduled him for audio-
metric cvaluation. The worker was
properly fitted by the nurse, with
firm instrucuons w wear the device
before enteming ihie plant the next

\

morning. What were the results?
The nurse now had ears to check
that were not affected by temporary
deafness, and she was able to con-
tinue her audiometric examinations
throughout the entire day. The em-
ployee found personal comfort be-
cause the ear muffs cut down the
120 dB noise as much as 35 dB.
Needless to say, these men became
faithful wearers of hearing protec-
tion devices because they had actu-
ally tried them out and proved their
value.

o’
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e Education can do a great deal
in shaping proper attitudes and de-
feating prejudices, clearing up mis-
understandings, and gaining accep-
tance of the idea. Ear protection is
a long-range educational enterprise.
Supervisors and foremen must bring
the problem squarely and forcefully
to the workers in the plant through
meetings and conferences. It would
be well to have a physician or
trained technician explain the anat-
omy of the hearing mechanism in
simple terms. It should be explained
that an occupational hearing loss
is not necessary if proper protec-
tion is worn. The employees should
be reminded of a world without
sound. Imagine suddenly being cut
off from voices of your family and
friends. Think of losing all the plea-
sure and meaning of speech, music,
telephone, radio, television, and
many other things that we enjoy
through hearing. Noise deafness
cannot be cured by medicine or sur-
gery. Posters on ear protection and
hearing conservation, feature arti-
cles in employee publications, and
special bulletin board displays will
all help to promote the wearing of
ear protectors.

e Many plants have learned that
it helps considerably to have a va-
riety of ear protectors. Unfavorable
reactions are bound to occur when
a man is told, “This is the kind that
we have decided you should wear.”
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Disposable ear plugs are molded by the fingers until the material is carrot-shaped. Then,
the soft wedge is pressed firmly into the ear canal. All employees should be instructed
how to fit their protective devices, and given a chance to select a type that provides
both comfort and protection.
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Indwvidual fitting of plugs is extremely
important. The technician, shown here,
finds it helpful to pull up on the outer
ear slightly. This enlarges and tends to
straighten the entrance to the ear canal
making it easier to insert the proper size
device. Some trial and error is necessary;
a plug should not be too loose or tight.

Employees will have a far different
attitude when they are told, “Try
this type and come back in a week
and let us know how it works. You
arc welcome to try other available
kinds until you feel that you have
the one that suits you best.” None
of us likes to be told exactly what
we must do, think, or wear. The
more choices we have, the more at-
tractive the proposition becomes.
The medical director in a large
foundry recorded a statement made
by his nursing supervisor: I have
given up trying to get our people to
wear hearing protectors. It 1s a fruit-
less task " The doctor said: “I am
convinced that every nursc would
destre the assurance that employces
will never come back to her after
retirement and ask, ‘Why didn’t you
do somecthing to help protect my
hearing? Why didn’t our company
provide hcaring protection and in-
sist that we usc it like many other
companics do?” " If nurses would
promote hcaring protection as skill-
fully and persuasively as they have
promoted other heaith and safety
objectives, they would eventually sce
their efforts take hoid Two ingre-
dients of success are requisite:

1) Unqualihicd  management
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Whereas ear muffs are not as complex to fit as are plugs, employees must be shown
how to seat them properly to obtain a seal around the ear. Otherwise, the whole pur-
pose of using the device is negated, and the employee is not receiving proper protection.
Besides the overhead supension model, muffs are available with under-thechin and nape
suspension. There are also safety hats available that have muffs attached. After being
shown how to fit the muffs to his ears, an employee must be instructed also not to stretch
or spring the headbands and not to deface the muff itself in any way. Otherwise, he
will not receive proper protection from the device.

support and thorough medical
supervision;

2) A tireless explanation by
all staff personnel, foremen,
and supervisors of the “why”
of hearing protection.

Enforcerment

Should management institute
compulsory or mandatory piograms
of ear protcction? For expediency,
many safcty directors, with the
backing of plant superintendents
and medical directors, have insisted
that cveryone wear car plugs or
mufls, but they have found it diffi-
cult, later on, to apply pcnalties,
which were meaningful and effec-
tive.

After a trial period, many safety
dircctors have decided that the best
results arc obtained through long-
rangec cducational cflorts, which
achieved 70 to 80 per cent cover-
age of the workers cxposed to haz-
ardous noisc. As one explained,
“Very few things in life are 100
per cent, but if we get the majority
of workers protected, we can take
some comfort in the fact that we

are making valuable progress. Hear-
ing protection will never sprcad like
colored television, but we can take
some comfort in the fact that each
year we seem to do a better job.
More workers are faithfully and
continuously wearing the protection _
offered, because they feel it is the
proper thing to do and their hcar-
ing will be saved.”

Veteran safetymen say that ear
protection is no different than the
introduction of safety glasses, res-
pirators, shoes, hats, gloves, and
other personal protcctive equip-
ment. Hearing conservation pro-
grams are relatively young. Few are
more than 10 years old. The ob-
jections and difficulties will eventu-
ally be overcome.—End.
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An Industrial Hearing Conserva-
tion Program. The introduction to
a series of articles, based on the
NSC Safety Training Institute's course
on Industrial Noise, provides the
basic concepts.

8 pp 111.17-37 (August 1968)

Procedures of a Sound Survey.
Types of noise, types of sound sur.
veys, the equipment needed, and sur-
vey procedures are outlined.
12 pp 111.17 46 (January 1969)

Hearing Measurement and Audi-
ometry and Audiometer Room
Criteria. Discusses procedures for
measuring employee hearing acuity
and thresholds. Audiometric equip-
ment is explained and a program for
its care and maintenance is dis-
cussed. Criteria for sound pressure
level of background noise in test
rooms is given.

12 pp. 111 17.49 (Apnl 1969)

Physics of Sound. A review of the
basic physics of sound provides the
background for minimizing, limiting,
or preventing excessive exposure to
noise. Includes a Glossary of Terms.
(Second in a series of articles based
on the NSC Safety Training Institute

course on Industrial Noise.)
8 pp. 111.17-42 (November 1968)

Ear Anatomy and Effects of Noise
on Man. The physiology of the ear
helps explain the effects of noise on
behavior, communication, and hear-
ing.

16 pp. 111,17 47 (February 1969)

Administratior: znd Human Rela-
tions Aspects of industrial Hearing
Conservation and Getling Em-
ployees to Wear Hearing Protec-
tion. Discusses how the safety spe-
cialist can motivate employees to

wear hearing protectors.
12 pp. 111.17-50 (May 1969)

Instruments and Techniques of
Sound Measurement. The third ar-
ticle in a series on the fundamentals
of industrial hearing conservation
discusses sound-level meters, octave
band analyzers, and auxihary equip-

ment plus calibration techniques.
10 pp. 111.17.44 (December 1968)

AN
Personal Ear Protection. Discusses
requirements of ear protectors in re-
gard to the acoustic problems and
describes types of personal ear pro-
tection devices available.
12 pp. 111.17-4§ (March 1969)

2

Engineering ‘Control of Noise and
Engineering 'Noise Control Effec-
tively. Discusses basic principles of
controlling industrial and occupational

noise hazards through engineering.
12 pp. 111.17-51 (June 1969)
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The fifth in a series of articies on the fundamentals of
developing an industrial hearing conservation pro-
gram discusses the anatomy and physiology of the
ear and shows the effects of noise on the auditory
mechanism, behavior, communication, and hearing.

Anatomy of the Ear

THE HUMAN EAR enables man to
perceive and interpret sound. Ana-
tomically the car is a complex of
skin, flesh, membranes, muscles,
carulage, bones, and nerves, Physi-
ologically its function is to transmit
to the brain an accurate pattern of
all sound vibrations received from
the environment, their relative in-
tensity, and the directions from
which they may emanate,

The human ear may respond to
sound waves in a frequency range
from as low as 16 Hertz (Hz) to as
high as 30,000 Hz. There is a great
dcal of individual variation, how-
ever. As a gencral observation, per-
ception of high frequencies is best
in carly childhood with a gradual de-
crease throughout life, so that a nor-

mal adult may have difficulty hear--

ing sounds pitched higher than 10,-
000 or 12.000 Hz. Persons who
hear over a frequency range from
20 to 20,000 Hz have an unusually
broad frequency responsc; whereas
those who can hear tones in the

range from 20 to only 2,000 Hz
have hearing that is quite adequate
for speech communication if their
ability to perceive such sounds at
normal intensities is unimpaired.

System Components

The auditory hearing system in
man may be divided into three mam
sections:

1) the external ear;
2) the middle ear;

3) the inner ear.

External ear

The external portion of the ear
consists of an auricle, or pinna, and
external auditory meatus (canal),
and the ear drum. Even though
fixed in position and lying close to
the head, the pinnac tend to con-
centrate  sound waves, especially
those of high frequency, and con-
duct them into the auditory canal,

which terminates at the ear drum.
The two ears provide stereophonic
hearing so that we can discriminate
the direction of a sound. This is ac-
complished by means of an ability
to sense the difference in the phase:
of a sound vibration as it arrives at
the two ears, and also by the differ-
ences in intensity and quality of the
same sound reaching cach ear due
to the angular placement and atten-
uation of the head. Even the shape
of the auricles enables man to scnse
whether a sound is coming from di-
rectly behind or directly in front.

The cxternal auditory mecatus
shelters the ear drum and maintains
the relatively constant conditions of
temperature and humidity necessary
to preserve its clasticity. In addi-
tion it acts as a tubal resonator, cs-
pecially for frequencies in the range
between 2,000 and 5,500 Hz.

The ear drum is composed of
both circular and radial fibers. It i<
kept tense for better reception-t
vibrations by the tensor tympani
muscle. Here, the pressure varia-
tions of sound in air are trans-
formed into very minute mechanical
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vibrations In addition to acting as
a rcceptor of vibrations, the drum
also serves as a barrier to shelter
the dclicate contents of the middle
car. It also provides an acoustic
dead spacc so that air vibrations in
the muddie car will be broken up
and  dissipated by the  Irregular
walls, cpitympanic recess, and mas-
toid cells, and thus will not exert
pressures against the round window
In compceution with vibrations com-
ing through the cochlea in the other
direction from the oval window.

Middle ear

The anatomical components com-
prising the middle car are: the mal-
leus, incus, and stapes bones; the
oval and round windows; the tensor
tympani and stapedius muscles; the
custachian tube, which vents the
middle car to the pharynx. An over-
all schematic of the ear is shown
in Figure 1.

The three ossicles, located in the
middle ear, function as a linkage
between the ear drum and oval
window. These delicately suspendcd
bones not only transmit vibrations
almost  completely without distor-
ton. but ulso provide part of the
mcreased  force that is  essenual
when going from a lighter conduct-
ng sedit. (air) to a heavier me-
dium — the perilymph. This is
partly accomphished by leverage.
Because the incus 1s shorter than
the long process of the malleus, vi-
brations received at the oval win-
dow are reduced in amplitude but
imcreased in force by a ratio of
about 10-to-1 when transmitted
onto the much smaller area of the
oval window,

Inner ear

The major components of the
inner ear include the vestibule, semi-
circular canals, and the cochleca.
The latter contains three passages
—the scala tympani; the scala ves-
tbuli, and the cochlear duct. A
cross scction of the snail-shell-
shaped cochlea with various ana-
tomical features is shown in Fig-
ure 2.

Vibrations transmitted into the
oval window by the footplate of the
stapes set up vibrations in the peri-

lymph, which surrounds and bathes
the end organs of hearing and bal-
ance. The wedge-shaped cochlear
duct, lying between the two scalae,

contains the organ of Corti, hair

cells with bristlcs, and the tectorial
membrarnie, The co¢hlear dugt is
separated from the scala vestibuli
by Reissner’s membrane, and from
the scala tympani by the basilar
membrane. The cochlear duct con-

tains a fluid called endolymph and
resembling intracellular fluid; where-
as the scalae, along with the rest of
the vestibule, contain perilymph,
which resembles extraccllular or
cercbrospinal fluid.

The function of the endolymph
is probably the nounishment of the
organ of Coru; freeing it of any vi-
brations or noise that its own ntrin-
sic blood supply would produce.

. As the cochlear duct is closed at

the helicotrema, there is no direct
passage between endolymph and
perilymph. However, it is continu-
ous via the duct of Hensen (ductus
reuniens) with the semi-circular ca-
nals — a fact that explains the com-
bination of symptoms present in
Meniere’s disease.

The organ of Corti, previously
mentioned as lying upon the basilar
membrane, is composed of a com-
plex assortment of supporting cells.
Interspersed between and lyigg upon
the organ of Corti are the hair cells
which are considered to be the sen-
sory end organs. These hair cells
are arranged segmentally in well-
dcfined rows — a single row of
inner hair cells and several rows of
outer hair cells. The total number
of inner hair cells is about 7,000—
of outer hair cells, about 24,000.
Each hair cell terminates on its free
surface in a clump of hairs similar
to a small bristle — 40 per cell in
the lower cochlear turn and as many
as 100 per cell at the apex.

Overhanging the hair cells is a
gelatinous structure known as the
tectonal membrane in which the
hair cnds arc embedded. The ar-
rangement and details of the inner
car hecaring componcnts are shown
in the illustration Figurc 3.

Transmission of Sound
In the Inner Ear

Vibrations of the stapes at the

oval window arc transmitted to the
perilymph throughout the scala ves-
tibuli (Figurcs 2 and 4). These vi-
brations are transmitted through
Reissner’s membrane to the endo-
lymph and then through the basilar
membrane o e scala tympani,
From herc they pass downward to
the round window. The vibrations
of the rpund window thus follow
those at’the oval window, but in
opposite phase. Thereby, when the
oval win‘{ow is forced inward, the
round window flexes outward.

Transmission of Mechanical
Energy To Electrical Potential

As can be seen in Figure 3, vi-
brations of the basilar membrane
will cause compression, tension, and
shcar on the huair cells, which are
attached to the tectorial membrane.
It 15 that action that tansforms the
mechanjeal cnergy of sound vibra-
tons o electncal impulses  that
stimul;\fc the fibers of the acoustic
nerve o the biamn, It s gencially
agiced “that hair cells transmitting
diffcrent frequencies are arranged
scgmentally, Those mainly responsi-
ble for transmitting the higher tones
are located at the lower end of the
cochlea near the windows, while
thosc transmitting lower tones are
located ncar the apex (Figure 4).

Transmission of Neural
impulses To the Brain

Each hair cell is supphed by «
nerve fiber and some by more th.n
one. Also, cach nerve fiber coun-
tacts onc hair ccll; some will con-
tact scveral. In general, the mna
hair cclls are cach served by oniy
one ncuron — the outer by many.

Apparcently, the overlapping ol
nerve connections provides flexibil-
ity of hecaring functions and a ca-
pacity to compensate for damage to
single hair cells or to certain ncu-
rons. The auditory nerve consists
of some 30,000 individual ncuions
—approximately the samc number
as the estimated number of haur cells
—dcspite the overlapping of distri-
bution. The nerve cells are located
in the spiral ganglia shown in Fig-
ures 2 and 3, and from which axons
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pass wa the cochlear nerve to the
dorsal and ventral cochlear nuclei
located in the pons.

From those way stations, fibers
pass from the lower brain stem to
the mid-brain and cerebral cortex
on both sides of the brain, so that
stimuli received in the two ears
may be mixed and integrated. The
partial crossover of neural responses
to sound stimuli received by the
two ears enables man to sense di-
rection and movement of sound
sources.

Human Hearing Acuity

Thresholds of human hearing at
various sound frequencies have been
widely investigated by various ex-
perimenters. For young pcrsons
possessing good hearing, a frequen-
cy response curve of the minimum
audible field (MAF) may be ob-
tained as shown in Figure 5. The
curve depicted shows the sound
pressure level at which a pure tone
can just be heard binaurally in an
exceptionally quiet location under
free sound field conditions. Three
points of interest may be observed
from this curve:

1) The reference pressure vari-
ation most frequently used as a basis
for physical measurement of sound
on a decibel scale was derived from
average data obtained at 1,000 Hz.

TABLE 1

Audiometer Zero Reference levels—A comparison of 1951
American Standards Association (now USASI) values and
1964 International Organization for Standardization values.

Reference Threshold Levels
Frequency
1951 ASA 1964 1SO Differences

125 54.5dB 45.5 dB 9 db

250 39.5 24.5 15 .

500 25 11 14
1000 16.5 6.5 10
1500 (16.5) 6.5 (10)
2000 17 8.5 8.5
3000 (16) 7.5 (8.5)
4000 15 9 6
6000 (17.5) 8 (9.5)
8000 21 9.5 11.5

The figures shown in parenthesis ( ) are interpolations.

The value of this pressure variation
is 20 mucro-newtons per square me-
ter (0.0002 dynes/cm?). Thus the
sound pressure level at 1,000 Hz
on this curve is at zero decibels.

2) The frequency at which un-
impaired human hearing is most
acute is at 4,000 Hz.

3) The acuity of human hearing
decreases quite markedly with de-
creases in frequency below 1,000
Hz.

NOTE: At 50 Hz, a sound
pressure level of 52
dB is required to
stimulate the hearing
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mechanism of a typi-
cal person.

Thus from the expression:

P
dB = 20 log — *

]

it may be calculated that the pres-
sure variation required to stimulate
the car at 50 Hz is about 400 tims
as much as is at 1,000 Hz.

Despite the extreme sensitivity of
the human ear and the delicacy of
some of its component structures,
it is very rugged and durable as a
sound-sensing device. It can opcrate

for more than a quarter of a century

—over a range of pressure varia-
tions extending to more than 20,:
000 times as great as the physicist’s
reference pressure variation of 20
micronewtons per square mcter——
without any appreciable deteriora-
tion. Even with occasional &:»po-
sures to sound pressure variations
ol more than onc million times as
great as that required to initate
hcaring, the car will function with-
out damagce if the duration of cach
cxposure is limited.

When subjccted to sound piessure
levels greater than 140 to 145 dB.
pain is experienced, as indicated by
the upper curve in Figure 5. Excur-
sions into such sound ficlds with
unprotected cars should be streth
hmited becausce slight but permanct

*See “Physics of Sound,” by Julian Oh-
shifski, NATIONAL SAFETY NEws, Vol. 98,
No. 5, November 1968, pp. 67-73.
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threshold  shitts in heaning  acuity

will 1esult trom farly short term,

exposures. Such noise-induced per-
mancnt thieshold shifts are irrever-
stble and cumulatve.

Vaiious micthods of determining
hearning acuity have been devised,
Of these methods, puretone audi=
omety is the most widely used,
and accurate, low-cost equipment
v avatlable that is especially suited
1o ndustival hearning  conservation
programs.

Duc to the vanation in human
hearing acuity, which occurs with
changes n frequency or pitch, au-
diometer zero selerence levels are
different tor cach  puretone em-
ployed. The values currently in use
i the United States are shown in
Table 1 The moie recent 1964 In-
teinational Orgamization for Stan-
datds (1SO) values were formally
adopted by both the American
Speech and Hearing Association and
the Amcuican Otological Socicty in
1965 for use in puretone audiomet-
ric measuwrements. The United States
ol Amenca  Standards  Insutute
{USASI) 15 currently considering
adoption ot these “zero™ reference
levels tor gudiometers.

Ot the 10 puretone frequencics
listed 1 Table 1. six tones will
usually suflice to provide audiomct-
ric cvaluations of human hcaring

thresholds  in - occupational — situa-
tions. These are the 500, 1,000
2.000. 3.000, 4,000, and 6,000

Hz purctone frequencies.

Although the physical basis (ref-
crence pressure variation) tor cach
ol the test trequencies is difterent,
compaiison of audiometric measure-
ments with the average values upon
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Figure 6 depicts an audiogrom obtained by use of an automohc audiometer of the
Békésy type as modified by Rudmose. The subject was o 40-year-old tube cleaner who
was on the job for 12 years. He claims that he routinely wears ear protection.

which they are based is greatly sim-
phiicd for the practicing physician,
audiologist, or industrial hygienist.

Effects of Noise on Man

THF FACT THA1 noisc ¢xposure
of suflicient intensity and duration
will produce sensori-neural hearing
loss has been recognized for more
than a century. Although hearing
loss may be caused by a varicty of
drugs and chemical agents, by cer-
tain discase organisms, by traumat-
ic injury, and by aging, there is little
doubt that a major cause of hearing
loss today is overexposurc to cxces-
sive noisc. It has been variously es-
timated that between 10 and 20
nullion persons in the United States
have some degree of hcaring im-
pairment.

Intense  sudden noisc—such as
that arising from an cxplosion—may
produce severe damage to the stiuc-

BLE 2

Early Loss Index—4,000 Hz Audiometry

Age Specific Presbycusis dB| ELI Scale
Age| Women | Men |Grade| Exceed ASPV by: Remarks
< 8dB Normal—Excellent
25 0 0 A 8-14 Normal—Good
30 2 3 B 15-22 Normal—W.thin expected
Range
35 3 7 C 23-29 Suspect noise-induced loss
40 5 11 D 30 or more Strong indication of noise-
45 8 15 E induced loss
50 12 20
55 15 26
60 17 32
65 18 38

tures of the middie and inner car.
The car drum may be ruptured and
the ossicular chain may be destroyed
by the extreme pressure variation
of a blast wave. Such high pressure
variations may also dislocate the
basilar membrane and organ of
Corti. If tears in an ear drum are
not too large, most perforations
will heal, provided infection does
not arise in thc middle ear. If the
ossicular chain remains intact and
the ear drum heals, little or no con-
ductive hearing loss will result.
However, it is a rare ear that will
survive this type of insult without
some sensori-neural damage.

Noise-Induced Hearing Loss

Noisc may interferc with specch
communications at sound pressure
lcvels considerably lower than thosc
that produce noisc-induced heaiing
loss. The concept of Speech Inter-
ference Levels (SIL) was intio-
duced by Beranek in 1947, and has
been modified and expanded since
that time.?

Noisc that masks or interferes
with essential speech communica-
tions in dangerous situations con-
stitutes an obvious hazard. Such
problems do not remain unremedicd
for long. In many industrial situa-
tions, however,” spcech is not only
uncsscntial but often it is undesir-
able. As noisc less intense than 120
to 125 dB does not produce ob-
vious discomfort 1t is frequently toi-
crated. Generally, noise exposurcs
iss intense than 85 dB n the oc-
{ave bands centered at 500 Hz and
at higher trequencies will not pro-



duce sigmfrcant hearing losses if
limited ta lcss than 40 hours of cu-
mulative cxposure per week—even
among worhcers cxperiencing such
exposures for many years, However,
from a study of 1,948 persons en-
gaged in industnial pursuits where
the muximuwm sound pressure level
of one of the octave bands covering
the spcech-important  frequencies
was 79 dB, Glorig and Davis® indi-
cated that measurable shifts in hear-
ing acuity were associated with such
relatively low exposures.

Hermann® noted that the ultimate
noisc induced loss at 4,000 Hz for
this body of data was only 15 dB
and calculated that the rate at which
this hcaring decrement was reached
was about 10 per cent per year.
From these and other studies, it has
been shown that noise-induced
hearing losscs tend to be self-hmit-
ing both at 4,000 Hz and at the low-
er speech-important frequencies.®

Industrial Audiometry

The proof of any industrial
noisc control and hearing conser-
vation program depends upon au-
diometric testing in a satisfactory

OECIBELS OF HEARING LOSS IN EXGESS OF AGE
SPECIFIC PRESOYCUSIS
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Figure 7 represents summation diagrams
for comporing audiometric findings from
boilermakers with those from a control
group.

TATCLE 3
Speech Average Loss Conversational Audiometry
Grade SAL dB Class Name Characteristics
A <16 Normal Both ears within normal limits
Worse ear no difficulty with faint speech
B 16-30 " Neor Has difficulty only with faint
Either car normal speech
C 31-45 Mild Has difficulty with normal
Better ear impairment speech but not loud speech
D 46-60 Serious Has difficulty even with loud
. Better eor .impairment speech
E 61-90 Severe Can hear only amplified speech
Better ear impairment
F > 90 Profound Cannot understand even
Better ear impairment amplified speech
G Total Deafness Cannot hear sound
in both ears

—NRC Committee on Hearing

MNote: A person 1s graded one class lower than indicated by the above scale if, with an
average loss of 10 db or more, his range of hearing thresholds in the three speech fre-
quencies is 25 db or more in both ears considered separately.

acoustical environment using relia-
bly calibrated equipment, which is
operated and supervised by ade-
quately traincd personnel. Valid au-
diometric results may be obtained
using either manual or subject-con-
trolied audiometers. The 1atter type
is preferred by the author because
it provides a direct print-out of
results at the significant puretone
test frequencies and has the advan-
tage of eliminating secondary errors
due to variations in procedures de-
veloped by different technicians.
The Rudmose modification of a Be-
kesy type audiometer is particularly
well suited to industrial audiometry.
An example of the results obtained
using such an audiometer is shown
in Figure 6. The subject has good
hearing in the speech-important fre-
quencies as indicated by the thresh-
old hearing determinations at 500,
1,000, and 2,000 Hz in both the
left and right ears. The subject’s
hearing above 2,000 Hz in the left
ear and above 3,000 Hz in the night
ear is definitcly poorer than normal
for a 40-year-old man. As noted
earlier, the frequency at which hu-
man hearing is most sensitive is
originally 4,000 Hz. Logic and ex-
tensive studies have also indicated
that it is most susceptible to damage
near this frequency when subjected
o cxcessive noise.

Loss of hearing with age is also
quitc pronounced at 4,000 Hz, and
studies using large population sam-
ples were required to determine

presbycusis values befoie the 4,000
Hz notch could be quantitatively
evaluated and developed as an Early
Loss Index (ELI) of noise-induced
hearing loss.51

Although not pathognomonic for
noise-induced hcaring loss, the ELI
docs provide a statistical approach
to the truth and is applicable to
individual as well as group data.
Application of this audiometiic
evaluation techniquc consists of sim-
ply determining how much an in-

dividual’s hearing loss excecds the.

presbycusis value indicated for his
(or her) age and sex. and then using
the grading scale and interpretation
shown on the nght ssde of Table 2.

Age and Sex Specific Presbycusis
Values (ASPV) may be obtamed
by interpolation of the values given
at five-year intervals—as shown on
the left side of Table 2. 1t should be

-
7
3

o

S

 AEAANEANSSNERERERRNRRE;

DATA FROM
HERMANN 1939

OATA FROM GLORIG
8 Davis, 1961 -

DECIBELS OF HEARING LOSS AT 4000 CPS
CORRECTED FOR PRESBYCUSIS
~N
o

aasabtasaalaaaatasaglaeaaabegilainanlaes
3 10 [} 20 £ 30 E)

POTENTIAL NOISE EXPOSURE IN YEARS
Figure 8 graphically depicts the decline
of hearing acuity at 4,000 Hz as a func-
tion of noise exposure. Thresholds are in
excess of age and sex specific presbycusis
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noted that cach ear 1s graded sepa-
rately in this procedure, and that
audiometric  measurcments  should
be obtained 1n an acoustical envi-
ronment mccting USASI standards
tor mecasuring purctone hearing
thresholds.

Efforts should be made to insure
that the subject hus no temporary
threshold shift 1n his hearing. A
time lapsc of 16 to 24 hours since
thc most recent excessive noise ex-
posurc is usually adequate to per-
mit recovery from ordinary noise-
induced tcmporary threshold shifts.
If the hecaring thresholds are de-
termined by using 1964 1SO refer-
cnce levels instcad of 1951 ASA,
six decibels should be added to the
ASPVs, shown in Table 2, prior to
determinming any ELI grade. This
compensates for the six decibel dif-
ference between audiometer calibra-
tion levels at 4,000 He.

Nowse-induced permanent thresh-
old shifts 1 the speech-important
frequencies may be estimated and
graded by the Specch Average Loss
Mcthod, developed by the Commit-
tec on Heanng and Bioacoustics of
the Natonal Research Council. The
procedure consists of simply taking
the anthmetic mean of the hearing
threshold at 500. 1,000, and 2,000
Hz for cach car scparately, and
then obtaining an overall grade for
combined hearing acuity by apply-
ing the rules noted 1n Table 3. A
person 1s graded one class lower
than mdicated by the scale if, with
an average loss of 10 dB or more,
his range of hcanng thresholds in
the three speech-important {requen-
cies 1s 25 uB or more 1n both eais
consideied separately.

The techniques outhned  here
have been used v a number of large
industrics Notable among them was
one comprchensinve study of 5,000
oil refiming personnel, who were
classified into 14 diffcrent occupa-
tional groups ranging from fcmale
office workers having no noise ex-
posurc history, through carpenters,
machinists, painters, and welders to
heavily noise-eaxposed boilermakers.®
An cxample of the statistical results
obtained in this study is shown as
Figure 7.

It should be noted that grades of
D or E on the ELI scale are not in-
dicauve of heanng loss in  the
speech-important tiequencies but do

indicate high frequency loss and po-
tential future impairment of hearing
in the spcech-important frequencics.
Speech Average Loss (SAL) grades
of B or lower on the scale do repre- -
sent significant losscs 1 essential
hearing ability. In some statcs com-

pensation awards may be made for "

noise-induccd hearing losses as slight
as grade B on the SAL scale. The"
much greater sensitivity of the ELI
technique and the scif-limiting as-
pect of noise-induced hearing loss
should be noted from the two dia=’
grams shown in Figure 7. Although
the ability to hcar and understand
everyday specch is not directly re-
lated even over 4,000 Hz losses,
early detection of the probability of -

noise-induced* permanent threshold * -

shifts among individuals or groups
of people enables prescription of
preventive mcasures before signifi-
cant hearing losses have developed
in the spcech-important frequencies.

Hearing Loss Equations
And Decay Constants

The sclf-limiting characteristics ot
noise-induced hearing loss at 4,000
Hz s illustrated by the results shown
in Figure 8. The data from Glorig
and Davis* were obtained by the
testing of 5,582 cars, and that of
Hermann® from 1,718 cars.

Both subject groups were known
to be engaged 1n noisy occupations.
It may be obseived that in utilizing
data obtained from a population
detined by noise exposure or occu-
pation, an ulumate 4,000 Hz hear-
mg loss s reached and the slope of
the decay curve becomes zero with
passage of ume. Thus a biophysical
taw descnibing hearing loss may be
statcd as follows:

The rate at which noise-in-

duced hearing loss is experi-

enced s proportional to the

amount of hearing acuity re-

niaining to be lost.
Mathematically, the detrimental
effcct of noisc on human hearing
may be cxpressed as a first order,
first degree diflerential equation

dL
_ =K
dt L

in which the variables may be sepa-

rated and integrated between limits
to obtain

i

Lt Lo
— = —Ktorln—=Kt (1
In Lo L, (1)
where L, = the ultimate amount

ot hearing to be lost
to noise after re-
pcated prolonged
exposures.

. L, = theamountof noise-
induced heanng loss
rcmaining at tlime

t
K = a constant.
H = the hearing lost

‘ (L, — L,) at time
w t.
When the values of L, and K have
been dectermined, the hearing H lost
at time t may be obtained from

H="L, (1 —e—Ky) (2)

which is derived by substituting
(L. — H) for L, n equation 1 and
solving for H. In thesc equautons
the units tor measurement of heai-
ing s expressed n deabels  of
sound pressure level, the most con-
venient unit of dme is years, and o
1s the base of the Napoiian system
of fogarithms Values ot L., ranuing
from zero to 55 dB ana tor K raue-
ing from zcro to 0.44 per year ha.u
been reported in a more detailed
carlier publication.* From the ducay
scheme ‘exhibited by noise-induced
hearing loss, it may be hypothesizc.l
that dctcrioration proceeds as i
noise were acting upon a single type
of cell or critical structure; a mono-
cellular decay analogous to the mon-
atomic decay of radioisotopes or
monomolecular decomposition of a
chemiucal compound at a given tem-
perature. If, as presently accepted.
the transformation of sound stunuli
from mcchanical cnergy to electri-
cal nerve potential is dependent up-
on the hair cells located 1n the organ
of Corti, a monoccllular decay
scheme coincides with the known
anatomy and physiology of the hu-
man car, despite the exticmely com-
plex biophysics and biochenusuy
of hearing. Considering the physi-
cal size of the hair bristles, it 1s not
unreasonable to suggest that 11 the
amplitude of vibration of the basilar
membranc becomes too large, as
induced by cxcessive noise, the re-
sultant severe mechanical stresses



cause the nar cells or thar bristies
to tangue with nme and fail in a
statistical manner, giving rise to
monoccHular decay.

Audiometric Zero

The designation of “average”
hearing thresholds as zero refer-
ences for purctone audiometer cali-
bration has been the subject of much
discussion and criticism in recent
years, The common assumption that
distributions of threshold of hear-
ing data, expresed in decibels, are
Gaussian or arithmetically normal
imphics that the distribution is sym-
metrical about the central value, and
that the extremes of the distribution
approach plus and minus nfinity.

Considening the moiphology of the
human car, 1t must be reahzed tha
the kinctic components ot the sys-
tem—the car drum, malleus, mcus
stapes. oval window, and cochleat
fluid-—all possess mass and hence
mncrtia,

Obviously some finite sound pres-
sure variation must be required to
overcome this inertia and sustun
mechanical vibration in the auditory
cham. The statistical inference that
the nnnimum threshold of human
hearing approaches negative wnfinity
1s not always valid, and when scts
of data obtained from persons pos-
scssing very good or hyperacute
hearing are, statistically analyzed. a
log-normal distribution becomes ap-
parcnt. In such a distribution. the
variable ranges from zero to plus
infimty, and the gcometric mean is
the most representative central value
“average.” In determining the lower

btounds or absolute  thresholds of
human heanmy at various puretone
test frequencies, Hermann and
Holzman'' not only derived a sim-
ple equation for determining the
point of origin of a log-normal dis-
tribution but provided a sound ra-
tional busis for designation of au-
diometric  zero refcrence values.
From a study of 197 high school
students free from apparent otologi-
cal abnormalitics, absolute thresh-
olds of hearing were determined for
the puretone audiometric test fre-
quencies of 500, 1,000, 2.000.
3,000, 4,000, and 6,000 Hz. These
zero points were found to range
from —7 to —17 decibels relative
to zero decibels when P, = 20 ,
N/m® in the expression dB = 20
log (P/P,). The significance of these
absolute thresholds of hearing to

purctone audiometry becomes ap-
parent if we consider such lower
bounds of hcaring as being true au-
diometric zero points for humans.
Values of the loci of absolute thresh-
olds of hcaring relative to the audi-
ometer zero reference levels adopted
by the Amcrican Standards Associ-
ation (ASA) 1n 1951, and the In-
ternational Organization for Stan-
dardization (1SQ) in 1964—both
of which are currently used in au-
diometric testing may be scen by re-
ferring to Table 4. Cognizance
shouid be given to the fact that the
ISO and ASA audiometer references
were derived from average or cen-
tral values of hearing data distribu-
tions, whercas the absolute thresh-
olds of hearing were derived from
determinations of the origin or zero
points of hearing data distnbutions
that were log-normal. A great deal

TABLE 4

Absolute Thresholds of Human Hearing Relative to
1951 ASA and 1964 ISO Audiometer Zero References
for Six Puretone Test Frequencies

Audiometer Absolute Thresholds Absolute Thresholds
Frequency re 1951 ASA re 1964 ISO
(hertz) Audiometer Zero Audiometer Zero
(dB) (dB)
500 —32 —18
1000 -—29 —19
2000 —31 —22.5
3000 —31 —225
4000 —32 —26
6000 —33 —23.5

of speculnoon, controversy, and dis-
cussion has taken place regarding
audiometric zero because instru-
mental measurement of the lowest
extreme of human hearing has been
and stll is difficult to accomplish.
A lurge number ol papers have been
published on the subject and state-
ments have even been made to the
effect that therc is no such thing as
audiometric zero. Due to the limited
size (394 ears) of the population
sample selected by Hermann and
Holzman in their. study for deter-
mining true audiometric zero points
for humans and other factors, which
may have influenced the data dis-
tributions, it is likely that more
representative sets of data might be
employed before adopting such val-
ues to the development of standards.
On the other hand, the determina-
tions of absolute thresholds that
have been made, seem to lie within
a few decibels ¢of the values indi-
cated. Thus, it is suggested that a
number such as 35 decibels be add-
ed to the 1951 ASA audiometer
reference values or 24 decibels (o
the 1964 ISO references to pro-
vide a basis for a puretone hearing
evaldation scale, which more closely
proximates the truth and yct is con-
venicnt in practice and consistent
with previously recommendcd sched-
ules for estimation of degree of
hearing impairment.

industrial Audiometric
Applications

In 1959 the American Academy
of Ophthalmology and Otolaryngol-
ogy (AAQO) recommended a ruic
for the estimation of ‘“‘percentave
impairment” of hearing,'® patternc:i
after a similar guide developed by
the Committee on Medical Rating
of Physical Impairment of the
Amecrican Medical Asociation.” In
referring to the arithmetic mean of
hearing threshold measurements
made at 500, 1,000, and 2,000
Hz, the AAOQO rule indicated:

For every decibel that the es-
timated hearing level for speech
exceeds 15 decibels by the
American Standard of 1951
(the low fence), allow one
and one-half per cent in im-
pairment of hearing up to the
maximum of 100 per cent.



This rule may be formulated more
gencrally as:

%1 == 1.5 (H-F).

where %1 = per centimpairment
of hearing

H = the arithmetic mean
of hearing threshold
levels at 500, 1,000,
and 2,000 Hz mea-
surcd in dccibels
(SAL for one ear).

F = a constant repre-
scnting the low
fence of hearing loss
or beginning of im-
pairment.

Obviously, the constant F is 15
dB tor audiometric measurements
referred to 1951 ASA levels. Due
to the differences between the 1951
ASA and 1964 ISO audiometric
1eferences, however, the “low fence”
F would become 26 dB for results
referenced to 1964 1SO standards.
It true audiometric zero is taken as
occurring 24 dB less than the 1SO
or 35 dB less than the ASA stan-
dards as suggested here, the value
of F becomes 50 dB. As an cvolu-
tionary step from the CHABA scale
ler evaluating hearing ability shown
in Table 1. thc Subcomnutice on
Hearing in Adults of the AAQOO
preparecd a chart for classification
of hearing handicap. which is shown
as Table 5.

In view of the report by Davis
and Kranz" regarding the impor-
tance of the 1964 [SO zcro refer-
encce levels for pure tone audiometers
and thar formal endorsement by
both the Amernican Speech and
Hearing Association and the Amer-
ican Otological Socicty, 1t would
appecar desirable that any new cvo-
lutionary shifts 1n audiometric scales
be made on the basis of the 1964
ISO heanng averages rather than
the 1951 ASA. Bringing the con-
cept of absolute thresholds of hu-
man hecaring or truc audiometric
zero into consideration as suggested
here, a new list of reference thresh-
old levels may be developed rela-
tive to the physicists zero decibel
level (P, = 20 x Nym®*). These
values are shown in the third, or
right hand column ot Table 6 for
various ficquencies and were ob-
tained simpiy by subtracung 24 dB

TABLE 5
CLASSES OF HEARING HANDICAP
48 |ciass| pegree | AVERAGE HEARING LEVEL ABILITY TO
10 OF 500, 1000 snd 2000 c/s UNDERSTAND
! ARY SPLEC
HANDICAP | ™\l TME BEYTER BAR® OROIN " | avdiomater
o .
R e Zero
NOT AT LEAST | LESS THAN | No significant difficulty
A lsIGNIFICANT 15 | with faint speech. (1951 ASA)
15 "Low Fence”
Difficulty only with foint
8 SLIGHT 15 30 speech.
30 A fre e&\ epe .
quent difficulty with
45 ¢ Mo 30 45 . normul@speech.
D MARKED 45 60 Frcqueq" difficulty with
loud sppech.
60 4 Educational
Con ur{:d'erstund only Deafness
£ SEVERE 60 80 shouted or
amplified speech.
80 “High Fence’
. Usually connot understand
F EXTREME 80 even amplified speech, Usual Limit of
100 Audiometer
*1f the average of the poorer ear is 25 dB or more greater than that Output
for the better ear, add 5 dB to the average for the better ear.

This modification of a hearing evaluation chart is based on knowledge of obsolute

thresholds of human hearing.

from the 1964
threshold levels.

The advantages of using these
suggested “audiometric zero” refer-
ence lcvels are:

ISO

reference

1} Negative thresholds of hear-
ing we practically eliminated. |

2) The horizontal straight-line
reference profile of the 1964 ISO
audiometer standards 1s maintained.

3) The AAQO rule for estima-
tion of pereentage impairment of
hearing is more casily applied to
data relerenced to these new lev-
els than to those rcfeienced to the
1951 ASA or 1964 ISO standards,
and in the cvent of compensation
provides information that 1s concep-
tually casier to comprehend (How

do you cxplain ncgative heanng?)

4) There is less tendency for
heanng decrements only 5 to 15

dB gueater than average to arouse .

concern in subjects, because the full
rangre of normal hearing is included
in the audiometric scale.

5) A chart for determining clas-
sesjof hecaring handicap may be de-
nived from the AAOO recommend-
cd classes that utilizes the 1964 1SO
audiometer standards and at the
sdine time permits rounding of the

|

|

range of each class interval to the
ncarest 5 dB. This has been dune
in Table 7.

Utilization of the hearing evalua-
tion chart shown as Table 7 should
facilitatc {communication, assiniilu-
tion, and interpretation of audio-
metric results for the practitionc
as well as the researcher,

The reader should be warned that
more accurate determinations of ab-
solute thresholds of hearing may
be obtained by refined techniques
using larger population samples ol
sclected subjects. Certain important
implications may be drawn fiom
the intormation presented here. If
true audiometric zero lies some S0
dB below the low fence, it is quite
likely that influcnce will be exerted
in the fuiwic to lower the low fenee
as a criterion ot acceptable hearing
level despite the difficultics present-
ly eapericnced by nowsy industiics
in hnuting  nose-induced  hearing
losses  Recogmition of lower abso-
lutc boundary values for human
heanng and rc-cevaluation of presby-
cusis valucs may give rise to lower

» starting points for decibel scales ol
\ noise-induced hearing losses, If such

is thce case, “monoceliular decay
constants” indicated for noise-in-
duced hcaring losses at 4,000 H:z
will be somewhat greater than pre-
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trum of the noise; presence or ab-
scnce of strong pure-tone compo-
nents; the time patterns of the noise,
including rate of repetition and ac-
al time of occurrence during the
day; gencral background noise in-
tensities in the residential arca af-
fected

Despiie the complexity ef sam-
munity noise problems, various cri-
teria, ecnvironmental codes, and
noise  abatement ordinances have
been proposed and adopted. The
best that can be said regarding solu-
tons 1o conimunity noise problems
1s that individual expert engineering
is usually required for each case,
and the most rcasonable or even
opumum solution to a particular
pioblem will not be satisfactory to
all parties concerncd.—End.
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Advanced Course...industrial Noise
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Noise level 1s established both before and during an operation.
Sound leve! meter and octave band analyzer give curve to solid
line of graph shown below.
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Analysis of sound levels 1s made by plotting intensity vs. fre-
quency Octave band analysis (solid line) shows characteristic of
noise; overall noise reading would show up as dashed line.

(Groph is shown courtesy of Bureau of Mmnes, U. S. Dept. of
Interior.)
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This will be a one-weck course, and the following
subjects will be covered: N

© Physics of Sound will include discussions on sound
generation and transmission, sound pressure level,
sound intensity, and sound power.

© Instruments and Techniques of Sound Measurement

will include discussion of sound level meters, octave
band analyzers, instrument specifications, auxiliary
equipment, and calibration.

@ Procedure of a Sound Survey will include an outline
of the types of surveys, instrumentation, survey pro-
cedures, and a discussion of engineering surveys.

© Anatomy and Physiology of the Ear and Effects of
Noise on Man will discuss the effects of continuous
noise upon auditory mechanisms, damage risk criteria,
susceptibility, effects of noise upon behavior, annoy-
ance, and communication.

@ Hearing Measurement and Audiometry will discuss
pure tone audiometry testing rooms, technician, rec-
ords, test procedures, and conservation practice.

© Personal Protection will take into consideration the
acoustic problem, ear protector requirements, charac-
teristics of ear protectors, and discuss ear protection
programs.

© Administrative and Human Relation Aspects of In-
dustrial Hearing Conservation will be offered to show
that adequate education is needed to overcome resis-
tance to protection programs.

@ Engineering Control will include an outline of con-
trol methods, plant planning, substitution, reduction
at the source, reduction during transmission, and mis-
cellaneous methods.

© Legal Aspects of the Industrial Noise Problem and
Background for Loss of Hearing Claims will summarize
the legal, medical, and scientific and technical factors
involved in workmen’s compensation claims for noise
induced hearing loss.

The advanced course will be open to graduates, of
the “Fundamentals of Industrial Hygiene” and “Train-
ing Mcthods” courses, or at the discretion of the dircc-
tor of the Safety Training Institute. The tuition will
include text and other course materials but does not
include housing and meals.

Enrollment will be limited to 24 students. For addi-
tional information contact: Director, Safcty Training
Institute, National Safety Council, 425 N. Michigan
Ave., Chicago 60611,

111.17-47
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By Herbert T. Walworth, Vice-
President, National Loss Con-
trol Service Corporation, Chi-
cago.

.

Prior 10 1950. it was difficult to
find references in the industrial hy-
giene literature concerning noise
and loss of hearing. Since that time,
papers on these subjects have ap-
peared in large numbers. The first
industry-wide noise survey was pub-
lished in the American Industrial
Hygiene Journal in 1953.* This was
followed by numerous papers on
the various aspects of the industrial
noise problem.

Perhaps the major incident that
stimulated interest in 1ndustrial
noise and hearing loss in the 1950’s
was litigation involving the Slowin-
ski case in New York State in 1948.
In this case, the New York Work-
men’s Compensation Board ruled
that the schedule for traumatic hear-
ing loss applied to both accidental
injuries and occupational diseases,
and that Slowinski was entitled to
a schedule award for partial loss of
hearing even though there was no
loss of wages.

Legal decisions followed in other
states that further sct the pattern
for partial hcaring loss compensa-
tion. According to a recent report,?
39 states and the District of Colum-
bia permit the payment of Work-
men’s Compensation for partial

This article in the series on Industrial Hearing Conservation
provides fundamental information to serve as a guide to
conserving hearing and to recuucing hearing loss liability.

hearing loss due to noise exposure.
The maximum dollar amounts pay-
able for hearing loss varies from
$765 to $11,000 for one ear and
from $4,500 to $33,000 for both
ears. The methods for evaluating
hearing loss under these various
laws are based on medical testi-
mony (29 states), or on the Ameri-
can Medical Association method.
Only seven states make a deduc-
tion for existing hearing loss due
to age. Thus, even though the
laws may be specific in the maxi-
mum compensation allowed, the
dollar valuc of any given loss of
hearing claim will depend upon a
number of factors ranging from veri-
fication of noise exposure, to hear-
ing evaluation and interpretation
of the audiogram. Reliable statistics
are not available on the incidence
of hearing loss claims, but fragmen-
tary rcports indicate that they are
increasing modcrately.?

In May, 1969, the Bureau of
Labor Standards of the U.S. Labor
Department® issued rules and regu-
lations concerning permissible noise
exposures for federal contractors,
sctting the continuous exposure limit
at 90 dBA. Whether or not this
development will have an impact

on the future Workmen's Compen-
sation hearing loss picture cannot
be predicted. Prior to the Bureau
of Labor Standards Regulations,
several states already had noise reg-
ulations as shown in Table I. It can
be seen that the regulations are not
consistent, and most have little re-
lationship ,to hearing loss preven-
tion. There is little evidence that
these regulations have been effec-
tively enforced. However, with the
federal standards now a reality,
many states could adopt these new
rules verbatim and pressure certain
industries into action on noise eval-
uation and control.

Noise—An [adustry Problem

There have been many significant
developments in the noise problem
since the first legal decision made
partial hearing loss compensable.
Much information has been pub-
lished on the rclationship of noise
exposure to hearing loss, and the
techniques for noisc and hearing
loss measurement have been devel-
oped. The number of professional
people with expert knowledge in



these fields has incrcased many fold.

Now, following the more recent
regulatory developments, industry
in general will nced to utilize more
fully the expertise available to eval-
uate its noisc problems and to es-
tablish hearing conservation pro-
grams.

But, what is an effective indus-
trial hearing conscrvation program?

.What arc the noise exposure
standards?

How does an industry develop a
satisfactory program?

To suggest that the answers to
these questions are simple would
be grossly misleading. This discus-
.sion will attempt to provide certain
fundamental information as a guide
to conserving hearing and reducing
hearing loss liability.

Approaches to Hearing
Conservation

Hearing loss resulting from ex-
posure to noise is affccted by such
factors as 1) the magnitude of the
noise exposure, 2) length of the
exposure, and 3) individual suscep-
tibility. The employer can do little
to control liability resulting from
individual susceptibility There are
no reliable tests to detect suscepti-
bility. The only alternatives open
is to provide a working environ-
ment relatively free of noise, pro-
vide personal ear protection, or
completely ignore the problem.

Control of noise can be accom-
plished by engineering methods; but
this is not practical in many cases.
This leaves the most common alter-
native of personal ear protection as
the most economical approach to
hearing conservation. The use of
ear protection offers certain prob-
lems in hearing conservation, be-
cause the devices used will be in-
effective if not properly fitted or
worn, or even used by the worker.

Another method of noise control
open to industry, and one which
will be used effectively in the fu-
ture, is the purchasing of new ma-
chinery on the basis of noise speci-
fications. This method has already
been used with the result that
quieter equipment has been devel-

oped. Manufacturers are aiso tak-
ing advantage of this development
by advertising the equipment with
emphasis on the quiet features.
However, any major breakthrougn
in this are% will result in more costly
equipmentifor which industry must

be willing to pay.

TABLE i

et~

STAYES WITH NOISE CONTRGCL R. 3ULATIONS

State Regulation
Cadlifornia Ear protection required above following:
63 Hz 116 dB8
125 102
250 9r
5G0 95
1060 93
2000 : 95
4000 95
8000 s 95
Hawaii Control required foj;evels over 90 dB.
-

Kentucky Risk of hearing loss exists above 85 dB in fre-
quencies above 300 Hz. (Permissible levels
higher for lower frequencies.)

Maryland Severity of hazards determined by recognized
standards.

Minnesota (Same as California.)

Mississippi Severity of hazara determined by recognized
standards.

New Jersey Control for certain levels, uepending on fre-
quency and exposure time pcr doy.

Oregon (Same as California.)

Utah Control over 85 dB more than 5 hours per day.

Yirginia Recommended safe level—85 dB at 300-2400
Hz.

Washingtoen (Same as California.)

Wisconsin Ear protection for levels over 100 dB for full

day and for any exposure over 120 dB.




The longer a worker is exposed
to noise, the greater the accumu-
lated hearing loss. Again, for hear-
ing conservation the employer has
the choice of providing engineering
noise control or car protection, or
limiting the number of hours of
cxposure per day. But what are the
guidelines for the employer to fol-
low? A commonly accepted pro-
gram incorporates the following:

1) Evaluation of noise expo-
sures, utilizing accepted methods
and equipment;

2) Comparison of noise expo-
sure data to noise criteria, for iden-
tifying noise hazards;

3) The introduction of a hear-
ing conservation program applica-
blc to an entire plant or to selected
departments, incorporating the fol-
lowing:

a) Establishment of an audio-
metric testing program to
evaluate hearing ability of
all workers, and of new
workers as they are em-
ployed;

b) Provide engineering con-
trols, where practical;

¢) Provide ear protection for
workers in those areas
where noise control is im-
possible or impractical;

d) Limit exposure
feasible.

time, if

The noise criteria selected for
hearing conservation can be an im-
portant factor in the control of
hearing loss liability. If an employer
adopts and achicves control below
the latest noise threshold limits pro-
posed, he still will not completely
eliminate hearing loss liability as
will be shown later. Even at these
TLV levels, some hearing damage
risk still remains. Further, the high
noise levels in many industrics have
already caused significant hearing
losses in thousands of unprotected
workers, who have been employed
over a working lifetime. This group
of workers represents siemificant
hearing ioss liability for industry as
a whole.

Noise Measurement

Detailed information regarding
noise measurement has been pub-
lished in the Indusirial Noise Man-
ual'® of the American Industrial Hy-
giene Association, and numerous
papers have appeared in the Na-
TIONAL SAFETY NEWS, the Amer-
ican Industrial Hygiene Journal,
and other publications. The funda-
mentals as outlined in these publica-
tions still apply. Only the approach
to evaluating the hazard has under-
gone change.

Prior to 1967, emphasis was
placed on the need for using the
Octave Band Analyzer for hazard
evaluation. However, in that year,
the Intersociety Committee on
Guidelines for Noise Exposure Con-
trol* published a report suggesting
the use of a single sound pressure
level reading in dBA as a fast and
convenient method of measuring
noise hazard. The use of A-scale
meters does not rule out the need
for octave band measuring equip-
ment, either for more precise haz-
ard evaluation or the collection of
essential data for noise control.

Noise surveys are conducted for
two reasons: 1) to evaluate em-
ployee exposure to noise, and 2) to
study noise sources for application
of controls. Two types of surveys
may be conducted. The first is the
recording of sound level meter
A-scale decibel readings. The
second, made to supplement the
A-scale data where hearing dam-
age noise levels are recorded, util-
izes the Octave Band Analyzer.
A-scale measurements are made to
evaluate individual employee expo-
sures, or made on a grid pattern to
define the areas of excessive noise
and establish noise control or hear-
ing conservation zones, The A-scale
approach to noise hazard evalua-
tion is relatively new. This method
has made it possible to study in-
dustrial noise exposures on a larger
scale than would have been possi-
ble using the octave band analyzer
alone, because octave band mea-
surements are more time consum-
ing and rcquire more expert per-
sonnel. The A-scale approach has
created wide-spread interest in the
noise problem, in noise control, and
in the establishment of hearing con-
servation programs.

Damage Risk Criteria

According to the American Med-
ical Association definition, hearing
impairment exists when the average
hearing loss at 500, 1,000, and
2,000 cycles per second (Hertz)
exceed 15 decibels as measured us-
ing the 1951 ASA Reference Thresh-
old. Thus, exposures to noise levels
that cause hearing losses of 16 deci-
bels or more are considered to be
excessive. However, because of indi-
vidual susceptibility, there can be
no one “safe” level, which would
prevent all hearing loss from noise
exposure yet permit industry to op-
erate economically.

In the 1930’s, when industrial
hygiene developed as a profession,
little consideration was given to the
industrial noise problem. Noise ex-
posure and its relation to hearing
loss was occasionally referred to in
technical meetings; 90 decibels was °
frequently mentioned as a damage
risk criteria. This reference was to
90 decibels overall, measured on
the “C” scale.

As interest in the noise problem
grew, investigators reported the
importance of frequency, as well as
noise level, and the length of ex-
posure in the development of cri-
teria. The first significant study de-
signed to define the relationship of
noise exposure to hearing loss was
the Subcommittee Z24-X-2 report
published by the American Stan-
dards Association.® This report re-
lated hearing loss to noise exposure
levels at different frequencies. How-
ever, no recommendations were
made for damage risk criteria.

In the intervening years to 1967,
numerous studies were reported in
the technical literature. Also, vari-
ous damage risk criteria were pro-
posed.»®*® Most of these took
frequency into consideration, and
suggested that there was greater
hearing damage risk from higher
frequency noise. Further, the cri-
teria indicated that a sharp line of
demarcation did not exist between
hazardous and non-hazardous noise.

In 1964, the Intersociety Com-
mittee on Guidelines for Noise Ex-
posure Control* was formed t
study the scientific literature ana
teport its findings as an aid to in-
dustrial management in establishing
hearing conservation programs. The
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fFigure 1 shows the incidence of hearing impairment in the general population and in

selected populations by age groups and by occupational noise exposure. (Courtesy:
American Industrial Hygiene Association Journal.)

committee was composed of knowl-
edgeable representatives of five
technical organizations closely asso-
ciated with problems of industrial
noise. The committee published its
report in November 1967. In no way
did this committee suggest a dam-
age risk criteria. However, it made
a number of significant contribu-
tions to knowledge in this area that
later made it possible to sclect reli-
able criteria with risk. Thesc con-
tributions included:

1) Converting hearing loss data
from various studics to equivalent

levels of noise and lengths of ex-
posure;

2) Correlating noise exposure
with incidence of hearing impair-
ment by age groups.

These data are shown in Figure I.
Information presented in this graph
is important to industry, for, by its
intclligent use, a given plant can
cstimate its hcaring loss liability
after decveloping exposure data.
Briefly, the graph shows that 20
per cent of the general population
without industrial noise exposure
have hearing impairment upon
reaching the age of 50-59. How-

ever, 28 per cent of industrial work-
ers of the same age group with 90
dBA exposure for a working life-
time, have hearing impairment. This
is an increase of eight perccatage
points, Expressed another way, this
means that of 100 workers exposed
to 90 dBA noise to age 50-59, eight
additional workers will suffer hear-
ing impairment. Lifetime exposure
to 95 dBA would result in 17 addi-
tional workers suffering hearing im-
pairment,

With the Intersociety Committee
Report available, the American
Conference of Industrial Hygienists
proposed tentative threshold limit
values for noise in 1968 and
adopted revised limits in 1969.° Es-
sentially, the ACGIH establishes a
limit of 90 dBA for eight-hour daily
exposures to steady noises, and pro-
vides for increased levels of expo-
sures for less than eight hours.
Provision is also made for adding
exposures of different noise levels
to determine the presence or ab-
sence of a hazard. Impulsive or im-
pact noises should not exceed 140
dBA peak sound pressure level. For
steady noises, the threshold limit
values adopted are as follows:

Exposure Time—Hours dBA

Va 102

-—— N B ONOO
O
w

Va 110
Y or less

In May 1969, the U.S. Depart-
ment of Labor® published safety
and health standards affecting fed-
eral supply contractors. These reg-
ulations include permissible limits
for noise that are the same with
minor variations as the threshold
limit values for noise suggested by
the American Conference of Indus-
trial Hygienists, Additionally, these
rules provide a method of convert-



ing octave band noise measurements
to dBA (Figure 2), and suggest a
proccdure for evaluating intermit-
tent noises occurring at intervals of
one second or more. The labor reg-
ulations also provide for adding
noise exposures,

In onalyzing these criteria, it
should be mentioned that proce-
dures for measuring impulsive or
impact - noises have not been cor-
related with duration of exposure
and incidence of hearing impair-
ment, However, industry does have
its first widely accepted guidelines
for evaluating the hazards of steady
noises. and for cstimating hearng
loss liability. Reliable information
is available regarding control, and
for establishing hearing conserva-
tion programs. It might aiso be said
that industry now has the economic
stimulus to usc these tools for hear-
ing protcction. It seems logical that
the ACGIH threshold limit values
or the Bureau of Labor Standards
permissible limits eventually will be
adopted as law or regulation by
many states.

Hearing Conservation
Programs

How can hearing conservation

140

programs reduce hearing loss lia-
bility?

Through audiometric testing it is
possible to establish a new em-
ployee's base line hearing level at
the time of employment. In some
states, any hearing loss so detected
would be recognized as pre-exist-
ing and thus not the responsibility
of the new employer. Some workers
with hearing impairment represent
a potential inherent liability, and
initial audiometric testing provides
a means of evaluating existing hear-
ing loss, and periodic testing, the
opportunity of detecting hearing loss
progression. It should be under-
stood, however, that the audio-
metric test is subjeclive and varia-
tions of plus or minus five decibels
in the test results on the same indi-
viduals are not uncommon.

There are, of course, pitfalls in
operating an audiometric testing
program. Common among these
are:

© Use of untrained technicians;

o Failure to provide for or main-
tain proper test conditions;

o Failure to maintain and to cal-
ibrate audiometric equipment;

o Failure of workers to respond
properly to the audiometric test;
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o Failure 1o make periodic as-
sessments of the program;

o Failure to follow-up on audio-
metric test results;

o Testing employecs with unree-
ognized temporary hearing loss due
to noise exposures.

Periodic audiometric testing will
be of limited or no value unless
noise exposure control is provided.
In the absence of noise control or
ear protection by use of plugs or
muffs, workers must be removed
from the exposure for a sufficient
time period to assure recovery from
temporary hearing loss before a
meaningful test can be conducted.
Temporary hearing loss recovery
may requirc two or three days, a
week, or longer, depending upon the
exposure level, the worker’s hearing
ability, and his age. If noise control
or ear protection is provided, pe-
riodic testing can be used to detect
non-compliance in wearing the pro-
tection. Thus, unless the testing and
ear protection programs are co-
ordinated, periodic testing will be
of little value.

Audiometric testing programs
need the same type of management
attention as any other successful
operation in order to attain estab-
lished objectives. Important ele-
ments of the program include:

o Establishment of objectives;

o Selection of testing equipment
and a testing area meeting the speci-
fications of the American Standards
Institute standard $3.1-1960.'° Usu-
ally this will require a noise attenu-
ating booth designed for this pur-
pose. (In recent years, a device
identified as an earphone-ear muff
combination has been developed
that will, under certain background
noise conditions, provide a suitable
environment for certain types of
audiometric testing. However, at
present there are not enough data
available to establish the effective-
ness in ordinary industrial dispen-
sary environments, or the legality
of audiometric tests performed with
these devices.)

° Qutline a program. The pro-
gram should be specific and in suffi-
cient detail to guide the participants



Figure 3 shows an example of an auto-
matic oudiometer.

in taking thc necessary actions to
mect all contingencics. For exam-
ple, the program should establish
what are to be considered abnormal
hearing levels and the steps to be
followed for various hearing loss
classifications. It should specify pol-
icy in employment practices, includ-
ing job placement, transfer, etc.
Further, the program should specify
who is to be tested and under what
conditions. 1f the tests are not pro-
vided for the entire plant popula-
tion, employees transferring in and
out of noisy areas present a contin-
gency that must be covered. A pro-
gram of audiometric testing that
involves only the accumulation of

hearing data in employee medical
files will have limited value in re-
ducing hearing loss liability.

® Provide trained audiometer
technicians. Audiometric testing
may be done by a nurse or techni-
gian who has Deen trained in in-
dustrial audiometry. The program
should be under the supervision of
a physician knowledgeable in this
technical area, who accepts full re-
sponsibility for the results and their
accuracy. With such an arrange-
ment, the qucstion of the legality
of the tests should be solved. In
recent years, short courses in au-
diometry have been offered by cer-
tain colleges and universities on an
intermittent basis. It is doubtful,
however, that these courses as pres-
ently offered will fill the needs of
industry nationwide. -

o Establish a method of data
handling. A uniform method of re-
cording audiometric data should be
developed.

® Provide liaison with plant su-
pervision in matters relating to en-
gineering control of noise and the
use of ear protection.

But what of the small plant,
which does not have a medical de-
partment or facilities for testing?
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Perhaps the most logical approach
is to seck this service through local
physicians or medical clinics. How-
ever, the plant manager seeking
such service should have profes-
sional guidance or become suffi-
elemly aware of the needs 1o outiine
his own requirements. While cer-
tain industrial clinics have audio-
metric testing facilities, it is not
easy for a plant manager to evalu-
ate the quality of the service he is
purchasing. The pitfalls and omis-
sions of an in-plant industrial pro-
gram will be multiplied for the
company purchasing outside ser-
vices. This company will need re-
liable professional guidance.

Personal Protection

Properly worn ear muffs or fitted .
ear plugs or both can provide sub-
stantial protection against hazard-
ous noise. There are many different
types of both devices on the market
that can provide protection against
a large percentage of the noises
found in industry. All of these pro-
tectors are more efficient in attenu-
ating high frequency than low fre-
quency ‘- noises. For example, one
ear plug is rated as providing 20
decibels of attenuation for a 500
Hz noise and almost 40 decibels of
attenuation at 6,000 Hz. While the
attenuation curves for both plugs
and muffs will vary slightly, any of
the better types will provide an
average of about 30 decibels of
protection for the audible frequen-
cies of sound. Roughly speaking,
this means that a worker with a
properly fitted plug exposed to a
120 decibel noise would be pro-
vided protection to 90 decibels
(120-30=90). However, the pro-
tection provided for a given indi-
vidual at a given time may vary.
Thus, from a practical standpoint,
a margin of safety should be al-
lowed. Figure 5 shows typical atten-
uation curves for the principal pro-
tection types available today, as
reported by Hosey and Powell.*!

There is little choice between
well designed plugs and muffs, inso-
far as the protection provided is
conccrned. However, there can be
great variations in their acceptabil-
ity by the workers wearing them.



Somec may complain that plugs are
too tight and uncomfortable. Others
may register complaints about muffs
being too hot.

There is little question but that
ear plugs and muffs are useful in
protecting a worker's hearing in a
noisy environment. The problem is
to get workers to wear them. Merely
distributing this equipment will not
solve the problem. An effective pro-
gram will requirc 1) employee
education, 2) proper fitting and
instructions for wearing, 3) en-
forcement, and 4) equipment main-
tenance.

The complaint is frequently made
that ear plugs or ear muffs prevent
workers from hearing warning sig-
nals, which are commonly used in
industry. While one might believe
that the use of ear protection would
make communication and the hear-

ing of industrial warning signals
more difficult, the opposite is the
case. In noise fields above 85 dB,
ear protectors significantly improve
one's ability to hear warning sig-
nals or speech communication.

Ear protection offers an effective
way of reducing hearing loss, and
thus hearing ‘loss liability; but, an
effective program for accomplish-
ing this will require careful plan-
ning and constant surveillance.

Engineering Control of Noise

If it is assumed that the reason
for controlling noise is hearing con-
servation, there are three basic ap-
proaches to noise control. These
are, 1) ear protection, 2) reducing
exposure time, and 3) engineering
control. Instituting any of these

methods offers problems to which
there are few easy solutions. Effec-
tive ear protection involves program
planning, strict supervision and ad-
ministrative control. Control of ex-
posure time involves production
planning and employee utilization,
both of which are related to pro-
ducing products at competitive
prices. Some engineering controls
are complicated and expensive, and,
while others may be comparatively
simple, all will require periodic
maintenance. Some engineering con-
trols will interfere with production; .
others will not be economically
feasible.

The first steps in noise control
are to secure adequate quantitative-
and qualitative information on the
nature and magnitude of the prob-
lem. This involves securing com-
plete information regarding the
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noisc environment and making se-
lected noise measurcments to iden-
tify hazardous noise sources and
their cffect on the total cnviron-
ment. This involves making octave
band analyscs, in addition to A-scale
readings, and the collection of other
data—such as type and duration of
the noise, the number of workers
exposed, cte. With this information,
onc can detcrmine the degree of
control nccessary and then take the
next logical step of cvaluating the
engincering control mecthods avail-
able.

When selecting noise control, the
following should be considered:

1) Changes in plant or department
layout;

a) This will provide an oppor-
tunity for isolating noisy
equipment and reducing to
a minimum the number of
workers exposed to the
hazard.

2) Provide control of noise at the
source;

a) Redesign of machinery or
equipment;

b) Partial enclosure of the
noise source;

¢) Complete enclosure of the
noise source;

d) Apply mufflers to waste
compressed air lincs;

e) Substitute quicter process
or machincs;

f) Reduce noise from vibrat-
ing surfaces by damping,
bracing, or stiffening;

g) Isolate machines or equip-
ment to reduce transmis-
sion of noise;

h) Machine maintenance;

i) Reduce the velocity of fluid
flow {compressed air jets).

3) Isolation of workers;

a) Where operations permit,
workers can be isolated in
acoustically treated rooms,
thu, insulating them from
Lo a0ise

4) Provide sound absorption ma-
terials for rcflecting surfaces;

a) This method has limited
application for control of
industrial noise huzards,
because it reducces only the
reflected noise. It does not
control the direct noise
from various sources.

When more than one noise source
must be considercd, control should
be provided for the noisiest source
first.

There are no magic formulas to
the engineering control of industrial
noise. But faced with the nced for
action, much can be accomplished
in many industries by applying the
basic principles of control just out-
lined. There always will be those
noisy operations that, for economic
or other reasons, do not lend them-
selves to engineering control. For
these situations, personal ear pro-
tection or control of cxposure time
will be the only solutions.

Summary

Loss of hearing due to industrial
noise has been recognized for many
years, but both industry and work-
ers have for the most part, ignored
the problem. Some large industries
have institutcd hearing conscrvation
programs, but the impact of these
programs on the total problem is
insignificant. Hazardous noisc n
industry is widespread. One pre-
vailing estimate is that 30 per cent
of all industrial workers have sig-
nificant hearing loss (hearing im-
pairment).

Although it is not possible to
estimate the liability under cxisting
Workmen’s Compensation laws, the
total figure would be substantial.

The tools for attacking the rnoise
problem now are available to in-
dustry. There arc at least three
stimuli, which should encourage in-
dustry to take action in the near
future. These are: 1) Regulations,
which are here; 2) economic con-
siderations, which for the present
are largely potential, and 3) hu-
manitarian considerations.—End.

. trial  Hygiene
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Frreshold Lirnnid

By Herbert H, Jones, echalrman,
Committce for Threshold Limit
Values for Physical Agents.

Tue American Conference of Gov-
ernmental Industrial Hygienists for
a number of years have recom-
mended limits of exposure to chem-
ical agents in the working environ-
ment by the setting of threshold
limit values. During the past few
years, a number of suggested limits
of cxposures for physical agents
have been proposed by various or-
ganizations, but none of the limits
have been accepted universally. Due
to this lack of uniformity, the Amer-
ican Conference of Goverumental
Industrial Hygienists (ACGIH) in
May 1967 established a Committee
on Physical Agents. This Commit-
tee was directed to review the exist-
ing data on exposures of individuals
to various physical agents and to
recommend to the Conference safe
limits of exposure.

In establishing any limit of ex-
posurc, many factors have to be
considered. Among these are the
types of data available and the va-
lidity of this data; mcthods of con-
trol of cxposurc and their feasibil-
ity; and of primary importance, the
percentage of the group which will
be protected by the established
limits.

Various procedures have been
suggested in the past for rating the
hearing loss potential of noise.
These have included “C” scale read-
ing of a sound level meter, “A”
scale reading of a sound level meter,
average of the 500, 1000, and 2000
Hz octave bands, maximum limits
in each of the three octave bands
of 500, 1000, and 2000 Hz, and
limits for cach of the cight octave
bands. After considering the merits
of each system and their ease of
application it was decided to use
the “A” scale rcading from the

sound level meter. It must be point-
ed out that the “A” scale reading
is used for hazard rating only, but if
studies are made for the purpose
of engineering control, then octave
band analysis should be made of
the noise.

After considering the above fac-
tors, the Committee decided to es-
tablish a limit of 90 dBA for an
eight hours per day, forty hours per
week exposure. Data indicates that
this will protect about 90 per cent
of the people exposed to this level
for a normal working lifetime. As
more exposure data becomes avail-
able and the cost of engineering
controls are reduced, it would be
desirable to revise the limit, if nec-

essary, to protect a larger percen-

tage of the exposed population.

For a number of years it was
assumed that equal energy would
produce equal damage to the ear.
If this assumption were true, then
each time the sound level is in-
creased three decibels the exposure
time should bc reduced one-half.
Laboratory data on temporary
threshold shift and field data indi-
cate that for the shorter exposure
times the ear can tolerate more
acoustical energy per day than for
a continuous eight-hour exposure.
Also laboratory data and very lim-
ited ficld data indicate that if the
exposure is intermittent in nature,
(rcst periods between exposures)
the ear can tolerate considerably
more acoustical energy than for a
single exposure to continuous noise.
Considering these two factors, the
limit is increased five decibels for
each halving of the exposure time.
Thus these limits are a compro-
mise between the more conservative
equal energy concept and the more
libcral intermittent exposure con-
cept.

At one time it was thought that
limits of exposure for narrow bands
of noise or pure tones should be 10
decibels lower than for broad band
noise. This was then revised to only
five decibels, but some of the latest

Values jfor Noise

data available indicated that even
five decibels is too conservative. In
the present limit no correction is
made for pure tones or narrow
bands of noise.

There is very little data available
on the effects of exposure to impact
or impulsive noise. Many factors
possibly influence the effects, among
them are: peak sound pressure level,
rise time, decay time, repetition
rate, time interval between impacts
or impulses, number per day, and
background sound pressure levels.
It is known that exposure to a small
number of 140 dB impulsive noises
of short duration will produce a
temporary threshold shift. Until ad-
ditional data are available, a limit
of 140 dB peak sound pressure
level is recommended.

As additional data becomes avail-
able to the Committee it will be
reviewed and, if necessary, revisions
will be recommended to the Con-
ference. These revisions are nor-
mally made at the annual meetings
of the Conference which are held
in May of each year.

Committee Members

" Herbert H. Jones, USPHS, Chair- °

man

Lt. Col. Herbert E. Bell, USAF

Dr. Gerald V. Coles, Uganda Min-
istry of Labor

Irving H. Davis, Michigan Depart-
ment of Health

Dr. Ernest Mastromatteo, Ontario
Department of Health

Fred L. Ottoboni, California De-
partment of Health

William A. Palmisano, U.S. Army

Dr. Charles H. Powell, University
of Missouri

David H. Sliney, U.S. Army

Thomas K. Wilkinson, USPHS.

Any comments or questions re-
garding these limits should be ad-
dressed to Herbert H. Jones, Chair-
man, Threshold Limits Committee
for Physical Agents, American Con-
ference Governmental Industrial
Hygienists, 1014 Broadway, Cin-
cinnati 45202.



Threshold Limit Values for Physical Agents for 1969

These threshold limit values re-
fer to levels of physical agents and
represent conditions under which it
is belicved that ncarly all workers
may be repeatedly exposed day
after day without adverse effect.
Because of wide variations in in-
dividual susceptibility, exposurc of
an occasional individual at, or cven
below, the threshold limit may not
prevent annoyance, aggravation of
a pre-existing condition, or physio-
logical damage.

Threshold limit values refer to
levels of eaposure for a 8-hour
workday for a 40-hour work weck.
Exceptions are those limits which
are given a ceiling value (C). They
should be used as guides in the
.control of health hazards and
should not be used as fine lines, be-
tween safe and dangerous levels of
exposures.

These threshold limits are based
on the best availuble information
from industrial experience, from
expenimental human and animal
studies, and when possible, from a
combination of the three.

These linuts are intended for use
in the practice of industrial hygicne
and should be interpreted and ap-
plicd only by a person trained in
this discipline. They arc not in-
tended for use, or for modification
for use, 1) in the evaluation or con-
trol of the levels of physical agents
in the community, 2) as proof or
disproof of an existing physical dis-
ability, or 3) for adoption by coun-
trics whose working conditions dif-
fer from those in the U.S.A.

These values are reviewed an-
nually by the Committec on Thresh-
old Limits for Physical Agents for
revisions or additions, as further in-
formation becomes available.

Ceiling Value—There arc some
physical agents which produce phys-
iological response from short in-
tense exposure and whose threshold
hmit 1~ more appropriately based
on this particular response. Physi-
cal agents with this type of response
are best controlled by a ceiling “C”
hmit which is a maximum level of
caposure which should not be cx-
ceeded.

Notice of Inteni—At the begin-
ning of cach yecar, ~roposed actions
of the Conmunittee tor the forthcom-

ing year are issued in the form of
a “Notice of Intent.” This notice
provides not only an opportunity
for comment, but solicits sugges-
tions of physical agents to be added
to the list. The suggestions should
be accompanicd by substantiating
evidence.

As Legislative Code—Although
the Conference does not consider
the Threshold Limit Values appro-
priate matter for adoption in legis-
lative codes and regulations, it rec-
ognizes that the values may be so
used. If so used the intent of the
concepts contained in the Preface
should be maintained and provi-
sions should be made to keep the
list current.

Reprint Permission—This publi-
cation may be reprinted provided
that written permission is obtained
from the Secretary-Treasurer of the
Conference and that this Preface
be published in its entirety along
with the Threshold Limit Values.

Threshold Limit Values
for Noise for 1969

These threshold limit values re-
fer to sound pressure levels that
represent conditions under which it
is believed that nearly all workers
may be repeatedly exposed without
adverse effect on their ability to
hear and understand normal speech.
The medical profession'? has de-
fiued hearing impairment as an av-
erage hearing threshold level in
excess of 15 decibels (USASI
Z24.12—1952) at 500, 1000, and
2000 Hz, and the limits which are
given have been established to pre-
vent a hearing loss in cxcess of this
value. These values should be used
as guides in the control of noise
eaposure and, due to individual sus-
ceptibility, should not be regarded
as finc lincs between safe and dan-
gerous levels.

1*Guides for the Evaluation of Hear-
ing Impairment.,” Transactions of the
American Academy of Ophthalmology
and Otolaryngology, pp. 167-8, March-
April, 1959,

2“Guides 10 the Evaluation of the Per-
manent Impairment; Ear, Nose, Throat
and Related Structures.” Journal of the
American AMedical Association, 197:489
August 1961,

Continuous or Intermittent

The sound level shall be deter-
mined by a sound level meter, meet-
ing the standards of the United
States of Amecrican Standards Insti-
tute and operating on the A-weight-
ing network with slow meter re-
sponse. Exposure shall not exceed
that shown in table below.

These values apply to total time
of exposure per working day re-
gardless of whether this is one con-
tinuous exposure or a number of
short-term exposures but does not
apply to impact or impulsive type
of noises.

When the daily noise exposure
is composed of two or more periods
of noise exposure of different lev-
els, their combined effect should be
considered, rather- than the indi-
vidual effect of each. If the sum of
the following fractions:

C1 Cc2 Cn

T f YT
exceeds unity, then, the mixed ex-
posure should be considered to ex-
ceed the threshold limit value, C1
indicates the total time of exposure
at a specified noise level, and T1
indicates the total time of exposure
permitted at that level. Noise ex-
posures of less than 90 dBa do not
enter into the above calculations.

Impulsive or Impact Noise

It is recommended that exposure
to impulsive or impact noise should
not exceed 140 decibels peak sound
pressure level “C” (ceiling limit).
—End.

Permissible Noise Exposures

I
Duration per day Sound level
Hours dBa*
8 20
[} 92
4 95
3 97
2 100
1Y 102
1 105
% 107
/A 110
VA 115-C**

*Sound level in decibels as measured on a
standard level meter operating on the
A.weighting network with slow meter re-
sponse.

**Ceiling Value

Copies may be obtained from Secretary-
treasurer, ACGIH, 1014 Broadway, Cin-
cinnati 45202



Walsh-Healy Occupational Noise Exposure Regulation

a) Protection against the effects
of noise exposure shall be provided
when the sound levels exceed those
shown in Table I of this section
when measured on the A scale of a
standard level mecter at slow re-
sponse. When noise levels are de-
termined by octave band onalysis,
the equivalent A-weighted sound
level may be determined as follows:

i
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Octave band sound pressure
levels may be converted to the
equivalent A-weighted sound
level by plotting them on the
illustrated graph and noting the
A-weighted sound level corre-
sponding to the point of highest

penetration into the sound level
contours. This equivalent A-
weighted sound level, which may
differ from the actual A-weighted
sound level of the noise, is used
to determine exposure limits from
Table 1. ’

b) When employces are subjected
to sound excceding those listed in
Table I of this section, feasible ad-
ministrative or engineering controls
shall be utilized. If such controls
fail to reduce sound levels within
the levels of the table, personal pro-
tective equipment shall be provided
and used to reduce sound levels
within the levels of the table.

c) If the variations in noise levels
involve maxima at intervals of one
second or less, it is to be considered
continuous. In such cases, where
the duration of the maxima are less
than one second, they shall be
treated as of one-second duration.

d) In all cases where the sound
levels exceed the values shown here-
in, a continuing, effective hearing
conservation program shall be ad-
ministered.

Exposure to impulsive or impact

TABLE |

Permissibie Noise Exposure!
Sound level

Duration per  Slow response

day, hours dBA
T 90
6 et Ceeee . R
4. e veeres 95
T . 97
p 2 Ceries 100
15 N 102
3 P 105
| J R 110
Vaorless ..ocveieennaoes 115

When the daily noise exposure
is composed of two or more periods
of noise exposure of different levels,
their combined effect should be con-
sidered, rather than the incividual
effect of each. If the sum of the
following fractions: C1/T1 4 C2/
T2 ... Cn/Tn exceeds unity, then,
the mixed exposure should be con-
sidered to exceed the limit value.
Cn indicates the total time of ex-
posure at a specified noise level,
and Tn indicates the total time of
exposure permitted at that level.

noise should not exceed 140 dBC
peak sound pressure level fast
response.

An Industrial Hearing Conserva-
tion Program. The introduction to
a series of articles, based on the
NSC Safety Training Institute’'s course
on lIndustrial Noise, provides the
basic concepts.

8 pp 111 17-37 (August 1968)

Physics of Sound. A review of the
basic physics of sound provides the
background for minimizing, limiting,
or preventing excessive exposure to
noise. Includes a Glossary of Terms.
(Second 1n a series of articles based
on the NSC Safety Training Institute
course on Industrial Noise.)

8 pp. 111.17-42 (November 1968)

Instruments and Techniques of
Sound Measurement. The third ar.
ticle in a series on the fundamentals
of industrial hearing conservation
discusses sound-level meters, octave
band analyzers, and auxihary equip-

ment plus calibration technigues.
10 pp. 111.17.44 (December 1968)

Procedures of a Sound Survey.
Types of noise, types of sound sur-
veys, the equipment needed, and sur-
vey procedures are outlined.

12'pp. 111.17-46 (January 1969)

Ear Anatomy and Effects of Noise
on Man. The physiology of the ear
helps explain the effects of noise on
behavior, communication, and hear-
ing.

ngpp. 111.17 47 (February 1969)
Personal Ear Protection. Discusses
requirements of ear protectors in re-
gard to the acoustic problems and
describes types of personal ear pro-
tection devices available.

12 pp. 111.17-48 (March 1969)

Hearing Measurement and Audi-
ometry and Audiometer Room
Criteria. Discusses procedures for

measuring employee hearing acuity
and thresholds. Audiometric equip-
ment is explained and a program for
its care and maintenance is dis-
cussed. Criteria for sound pressure
level of background noise in test
rooms is given.

12 pp. 111.17-49 (Aprii 1969)

Administration and Human Rela-
tions Aspects of Industrial Hearing
Conservation and Getting Em-
ployees to Wear Hearing Protec-
tion. Discusses how the safety spe-
cialist can motivate employees to
wear hearing protectors.

12 pp. 111.17-50 (May 1969)

Engineering Control of Noise and
Engineering Noise Control Effec-
tively. Discusses basic principles of
controlling industrial and occupational

noise hazards through engineering.
12 pp. 111.17-51 (June 1969)

Reprinis of selected National Safety News' articles are available shortly after
publication. Except as noted, prices are: 10 to 49 copies — 25¢ each; 50 to 99
copies — 20¢ each; 100 1o 499 copies — 17¢ each; 500 to 999 copies — 8¢
each. Prices for larger quantities on request.

Minimum order is 10 copies, but may include more than one title. Automatic
20 per cent discount to National Safety Council members; 10 per cent to govern-

ment agencies.

Send orders, indicating reprint title and stock number, to0 National Safety News,
425 N. Michigan Ave., Chicago 60611.
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Engineering

By Charles L. Cheever, In-
dustrial Hygiene Engineer,
Argonne National Laboratory,
Argonne, Il

N OISE CONTROL in industry is im-
portant to the worker because it
can affect his well-being. No one
wants 'permanent impairment of
hearing that occurs from continued
excessive exposure to high noise
levels. In addition, noise is objec-
tionable because of interference
with speech or audible signals. In
this respect it may be a contribu-
tory cause of accidents. Excessive
noise may also be an annoyance
factor and a source of fatigue.

Noise control is likewise impor-
tant to management because of its
responsibility for safeguarding the
health and well-being of its ecmploy-
ecs. [t is management’s obligation
to prevent occupational hearing
loss. The provisions for more strin-
gent control of industrial noise in
the Walsh-Healy Act, along with
the sctting of noise exposure limits
by other governmental agencies, will
add 1mpectus to noise control or
hearing conscrvation programs in
industry. In somc cases noise may
have an adverse affect on the morale
of the wark force. There have been
bitter complaints concerning unde-
sirable noisc conditions,

Noise control is important to the
safety professional because both
the woiker and management seek
his know-how and advice for pro-
tecting the worker Safetypros nced
to be knowicdgeable concerning the

Contro!

Of Noise

The ninth article in a series on industrial
hearing conservation discusses the basic

principles of engineering for the control
of industrial and occupational noise hazards

hazardous aspccts of noise. Besides
giving advice, the safetypro is the
logical one to initiate action for the
control of noise.

Initial noise control effort should
be at the origin, and secondarily by
interfering with the transmission of
noise. Engineering control will be
treated here as the reduction of
sound energy. (In some special
cases, noise control may involve
adding rather than reducing sound
energy. An example is where office
noise levels are very low and con-
versation is transmitted from one
office to another. To remedy this,
an increase in background noise
will mask out the intruding con-
versation.)

Approach to noise control

Careful consideration should be
given to minimizing noise problems
in the initial stages of planning a
new plant, a building addition, or
a ncw work procedure in an exist-
ing opcration. Consideration at
those times may climinate subse-
quent unnecessary expense for noise
control  mecasures. For example,
heavy air haadling and compressor
cqupment should be located away
from cntical speech communica-
tion spaces such as conference
rooms and private offices. Heavy
cquipment arcas are advantageous-

ly located on grade level to mini-
muze vibration and noise transmis-
sion to other areas of the building.
Where the advantage of distance
and buffer zones between noisy and
quiet spaces is not available, special
construction and precaution will be
required to provide desired noise
conditions.

Plant layout, construction mate-
rials, equipment selection, and
equipment installation are all fac-
tors affecting an industrial noise
condition. In planning new facili-
ties, advantage may be taken of dis-
tance, isolation, and absorption for
the control of noise.

Many noise sources are sonic-
what dircctional in nature, It may
be practical to locate and oricnt
sources so that the dircction of max-
imum noise radiation is least objcc-
tionable — possibly taking advan-
tage of sound absorbing materials.
The most desirable and most eco-
nomical control of noise can be ob-
tamed through knowledgeable pre-
planning in the blue print stage.

The article, “A Clean, Well-
Lighted, and Quiet Foundry,” de-
scribes the special construction fea-
tures used in a General Motors
foundry for isolation and contiol of
noisc. Architects frequently utilize
acoustical engineers for review and
consultation in the early stages of
planning buildings.

Reprinted .rem Nuiicpal Safety News « National Safety Council, 425 N. Michigan Avenue, Chicago, illinois 60611



In onc facility where this wasn't
done, noise has been a troublesome
problem from the start. A number
of changes were made during con-
struction, prior to building occu-
pancy, to reduce ventilation noise
levels, and additional work has gone
into this problem but noise levels
at this location are still considered
unsatisfactory. The noise problem
could have been greatly reduced or
avoided in the planning stages, Now,
the expense involved in making the
desired changes is considered eco-
nomically prohibitive.

The approach for control of ex-
isting noise problems is to first gath-
er qualitative and quantitative in-
formation on the conditions. Obtain
sound pressure level mcasurements
within desired frequency bands at
the locations of interest. (Previous
articles in this series discussed prop-
er sound pressure level measure-
ment techniques and instruments.)

Other pertinent information con-
cerning the noise problem should
also be collected. This may include
information on the sources of noise,
the number of people affected, the
nature of the problem, room mea-
surements, and acoustical features
of the environment. In many cases
the various sources of noise and
paths of noise transmission must be
studied in detail. Figure 1 shows
paths of noise transmission from
noisc sources. Noise and vibration
measurement instruments and fre-
quency analyzers may be used to
study the noise flow paths. The next
step is to compare measured noise
levels to criteria for noise control.
To protect against noise-induced
hearing loss, the criteria selected
may be an 85 dB* limit in the 300
to 4,800 Hz** octave bands, the
Walsh-Healy Act exposure limit,
or other recommended damage
risk criteria.

In the case of speech interfer-
cnce or annoyance, the Noise Cri-
teria. Curves and suggested limits
for various applications may be used
as guidelines. The book, Noise Re-
duction, by L. Beranek® is one
source of this information.

After determining the amount of

* The decibel (dB) sound pressure
reference level used throughout this
article 15 .0002 dynes/ems.

* Hertz (H7) s equivalent to cycles
per sccond (cps).
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Figure 1 depicts noise flow diagrams. (Source: F. G. Tyzzer, "Reducing Industrial Noi:

American Industrial Hygiene Association Quarterly, Vol.

14, No. 4, December 1953.)

noise reduction needed by compar-
ing noise level measurements to se-
lected criteria, alternate or multiple
methods of noise control should be
considered. (The various engineer-
ing control methods available will
be discussed in detail.)

Reduction of noise at the source,
along the transmission path, and at
the recciver should be considered
from the standpoint of effective-
ness, desirability, cost, and main-
tenance, Often the way to progress
is to use the experimental or cut
and try approach to noise control
following basic principles.

A total systein analysis  ap-
proach is needed because reducing
one component of noise far below
another doesn’t reduce the total
noise appreciably. For example, if
each of two adjacent machines in-
dependently produce noise levels of
80 dB, the combined noise level—
the result of adding the levels of
the two machines—is 83 dB when
both machines are running simul-
tancously. Thercfore, a drastic re-

" tection. While ear prot

duction, or even elimination, of
noise from one of the machines
will produce only a three decibel
overall reduction in the total noise
level if the other machine continues
to produce 80 dB.

In many cases, the engineering
control of noise to attain desired
levels may be economically unfea-
sible. Where there is a potential
hearing loss hazard, an effective
hearing conservation program will
have to consider other means of
noise attenuation—personal  pro-
“.rs are
classed as personal protecuon de-
vices, they may also be considered
as providing control of noise at the
receiver.

Selected noise control measures
are next implemented or put into
effect. Then, as a final step, the re-
sulting noise levels are measur to
determine whether the controls ..ave
attained the desired attcnuation or
condition or not. As some control
measures may deteriorate with time,
it is advisable to check noise levels

Y.



periodically and to make corrections
where necessary.

Noise specifications

Noise problems may often be
nipped in the bud by the use of
nois@ hpeeificalione | the prosuss
of selecting equipment. While other
factors, such as cost and perfor-
mance of equipment, weigh heavnly
in the selection process, noise
should also be a routine consider-
ation. Many equipment manufactur-
ers emphasize relatively low noise
levels for sales appeal. They may
also advertise, or at least should be
able to supply, noise level ratings
for their equipment. Sound power
levels or sound pressure levels in
octave or one-third octave bands
are given for a specified acoustic
environment, equipment operating
conditions, reference levels, and
methods of testing,

Practical considerations must en-
ter into specifications of equipment
noise limits. It is impractical to spec-
ify noise limits that none of the
equipment manufacturers can meet,
It is also costly to pay a premium
needlessly for noise control. For
example, specifying a sound pres-

sure level of 70 dB on the A scale
for prescribed equipment opecration
and measurement conditions would
be foolish if the equipment is to be
located permanently where the exist-
ing noise level is 90 dBa.

It is a good pragvies (i seiid iaire
level speelfication forms along with
inquiries about potentially noisy
equipment. An example equipment
noise specification form is shown as
Figure 2. In many cases, it may be-
come necessary to purchase equip-
ment_ that produces noise levels
higher than those desired. However,
in such cases, the specifications
serve the useful purpose of obtain-
ing the degree of subsequent noise
control needed.

Noise control specifications
should be incorporated also into
architectural or constructional spec-
ifications. Buildings can be designed
using materials that reduce noise
levels if knowledgeable planning
and appropriate spccifications are
utilized. Specifications for appropri-
ate vibration isolation mounts,
equipment 1nertia blocks, mufflers,
etc.,, can play an important role in
the control of noise. It would be
well for the purchasing and engi-
neering personnel of a company to
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Control Measures

Substituiion

Reduction of noise at the source
should be the first consideration in
engineering control of noise. In cer-
tain cases, it may be feasible to
substitute quieter equipment or a
quieter operation. Examples given
in the Industrial Noise Manual® of
effective substitutions that reduced
noisc levels are shown in Table I

Reduce vibration forces

Noise may be produced by forces
causing either structural or air vi-
brations. ln equipment the vibra-
tion forces are commonly due to
reciprocating niotion or to imbal-
ance in rotary motion. In air, vibra-
tion forces are created by turbulence
or pressure pulses. Vibration forces
are transferred back and forth be-
tween the air and structural mate-
rials.

The following measures can re-
duce troublesome vibration forces:
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TABLE |

Substituting quieter equipment or quieter operations
are effective engineering controls for noise.*

Substitute

Previous Noise Source

Bolt Drives

Punch press mechanical
parts ejector

Diamond face core drill
Hydraulic press riveter

Proper size weld peening
tool

Pneumatic air cylinders
Pneumatic rotary shear
Welding

Grinding, Arcair metal
removal or flame gouging

Goar Drives

Punch press air
ejector

Star drill and
air hammer .

Pneumatic hammer
riveter

Oversized weld
peening tool
Electric solenoids
Pneumatic chisel
Riveting
Chipping

* Source:

Industrial Noise Manual.2

1) Reduction of equipment op-
erating speed;

2) Reduction of imbalance
through the proper alignment and
balancing of the rotating equipment
—balancing should be done prefer-
ably under dynamic load conditions;

3) Replacement of worn parts
~—such as bad bearings;

4) Provision for proper lubrica-
tion to reduce frictional forces;

5) Reduction of peak forces by
extending the force application time
—an example is the use of stepped
punches so that the total work isn't
done at one instant;

6) Reduction of flow velocities
of gases and liquids — turbulence
and vibration increase as flow rate
increases;

7) Reduction of turbulence in
the flow of gases and liquids by
strecamlined design — for example,
fans with airfoil blades provide re-
duced turbulence and noise;

8) Reduction of impact forces
by the use of resilient materials —
an example is the use of rubber
liners in castings tumblers;

9) Tightening of loose parts be-
Cause increascd forces may be pro-

duced wher monon 1sn°t adequately
restricted.
Fos Pro, oo assembly of parts—

impact or frictional forces may re-
sult from improper assembly.

Reduce vibration response

Reducing the response to vibra-
tion forces is an aid for control of
many noise problems. This may be
brought about through the use of
vibration isolators or the use of
damping materials. Examples of
various types of vibration isolators
are shown in Figure 3. Commer-
cially available isolators are, in
some cases, a combination of basic
types. Isolators are chosen on the
basis of the load supported and
the deflection needed to reduce
transmission of vibration by the de-
sired amount, They are also selected
on the basis of cost, resistance to
deterioration, expected service life,
and damping characteristics.

The natural frequency of a ma-
chine, which is supported by vibra-
tion isolators, is the frequency at
which the system will vibrate if dis-
placed and then released to vibrate
freely of its own accord. It is a func-
tion of the static deflection of the
isolators. As static deflection is in-
creased, the natural frequency of
the system decreases and in general
transmission of vibration energy de-
creases.

The application of periodic im-
pulses can cause a machine or ma-
chine part to vibrate with a fre-
yucney that may or may not be the

natural frequency of the vibrating
body. When the period of the forced
vibration is the same as that of the
free vibration, the two effects re

enforce each other and large an.

plitudes of the vibrating body result
in a condition thut is culled reso-
nance. '

There are instances where ma-
chinery cannot be operated at cer-
tain speeds because the frequency
of the applied impulse at such
speeds corresponds to the natural
frequency of some vibrating mem-
ber.

The natural frequency is also the
frequency at which resonance oc-
curs. When the frequency of the
driving force coincides with the nat-
ural frequency, transmission of vi-
bration force is increased rather
than reduced by the isolators. To
counteract resonani vibration,
damping is added to many isolators
to increase energy dissipation. This
is done with some sacrifice in the
effectiveness of the isolator at other
frequencies.

Materials that are commonly uscd
for vibration isolation are cork, felt,
rubber, and steel springs. The cork,
felt, or rubber may be coated 1
another resilient material to add
resistance to deterioration. They are
most effective against high frequen-
cies. The large deflections, which
can be attained with steel springs,
make them the isolator of choice for
low frequency vibration from hea v
equipment such as reciprocating
compressors. For heavy equipment
and large vibration forces, the ci-
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fectiveness of isolation is improved
by mounting the equipment on con-
crete inertia blocks to increase the
weight and inertia of the system
by a factor of about three or more.
It is also important in these cases
for the isolator supports to be lo-
cated in the plane of the center of
gravity of the system. Information
regarding selection of isolators for
a specific application can be ob-
tained from manufacturers of these
devices. It is advisable to consult a
specialist in this field to obtain ex-
pert engincering advice in non-
routine applications.

Other cxample applications of
vibration isolators arc the use of
canvas or rubber flexible connectors
between ductwork and fans to re-
duce the transmission of fan vibra-
tion. Spring-type hangers are used
to support steam lines near pres-
sure reducing valves to reduce trans-
nussion of vibration to the building
structure,

Vibration isolators reduce the
transmission of vibration to adjacent
structural members and thereby re-
duce the surface areas radiating sig-
nificant noise. Even with very effec-
tive vibration isolators in use, air-
borne noise can produce structural
vibrations and transmission of noise
to other areas. A combination of
measures to reduce both structure-
borne and air-borne vibrations may
be needed for effective control.

Vibration damping

The term “damping” 1s used to
describe the conversion of resomant
vibration energy of structurcs into
hcat cnergy. It is an effective mcch-
anism for noise control, because
once converted to heat the vibra-
tion energy is no longer available
for generation of airborne noise.
There is some inherent damping in
all materials, but most structural
matcrials-——such as metal panels—
require damping treatment for noise
rcduction purposes. In materials
such as aluminum or steel, the flex-
ural vibrations persist at 'vanous
rcsonant frequencics. Most of the
vibration energy in thesc materials
is stored in the bending action and
acts' as the force to produce re-
peated vibrations., ‘

In mastic matciian
al enery

¢ vibration.
IS Gu.Cnly ubssipated be-

cause they resist motion. Asphalt
base mastic materials with various
solid additives have long been used

as a damping material. An example

is their application to automobile
door and body panels to reduce
noise from resonant vibrations.
Without damping treatment the au-
tomobile would be described as
tinny and noisy. As asphalt base
materials vary widely in their damp-
ing effectiveness, it is necessary to
obtain damping ratings for the spe-
cific material and conditions of use.
Damping ratings may be expressed
as vibration decay rates in decibels
per second at 160 Hz at room tem-
perature for the particular type and
thickness of damping treatment ap-
plied to a test panel. The thick
plate test panel is a Va-inch thick,
20- by 20-inch cold rolled steel
plate. Vibration is measured as
sound pressure at a microphone
placed a few inches away from the
center of the panel. In general,
damping becomes more effective as
the vibration frequency increases.

Asphalt impregnated felts are also
used as damping materials, When
a fibrous material, such as felt or
glass fiber blanket, is applied with
a septum attached to it, a very high
level of damping occurs. The high
level of damping is affected by the
crushing and flexing of the fibrous
material between the septum and the
vibrating surface. Care must be tak-
en to avoid any solid connection

betwcen the septum — e.g. sheet
metal, and the vibrating surface.

Many other damping materials
and ingenious techniques can be
used to reduce resonant vibrations
for noise control. Prefabricated pan-
els of a laminated construction with
a layer of visco-elastic material, pro-
vide an effective new integral ap-
proach to damping of resonant vi-
brations. As costs are not great,
damping treatments can be used in
trial applications to evaluate thecis
cfiect. A technique for indicating

. the presence of resonant vibrations

and the need for damping is to vary
the speed of equipment from well
below to well above normal specd.
Listen for increased noise at certain
spceds and for changes in pitch.
Either may indicate that resonances
are occurring and that damping
treatment may be a useful measuie
for noise reduction. Sophisticated
instrument measurement techniques
may also be used to determine vi-
bration levels and node patterns.

Reduce transmission

In some cases the practical solu-
tion to a noise problem will be to
enclose the noise source with a
sound attenuating barrier. It is nec-
essary that the enclosure be made
of non-porous material to prevent
the direct transmission of thc air
sound pressure waves. The enclo-
sure walls should have sufficicnt
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Figure 4 provides a view of a test setup from a control room and shows a noise barrier
partition, which includes a double-paned window for acoustical insulation. {(Picture cour-

tesy Argonne Natonal Laboratory)



mass to counteract the driving force
of the airborne noise. Sound ab-
sorbing materials should be in-
stalled inside cnclosures to reduce
the buildup of reflected sound
encrgy.

Special enclosures may be con-
structed around the noise source or
a noisy area may be partitioned off,
An example of a partitlen used for
noise attcnuation at Argonne Na-
tional Laboratory is shown in Fig-
ure 4. This partition has a large
double pane window for easy view-
ing of the shaker apparatus. With
the shaker operating at 800 Hz
and 90 times the acceleration due
to gravity, the sound pressure level
at the control console was 71 dBa
as compared to 95 dBa in the shak-
er room, The partition allows the
shaker operators to work without
wearing ear protectors, A more mas-
sive partition, without penetrations,
would provide a much greater noise
reduction.

Transmission loss (TL) is de-
fined as the number of decibels re-
duction in the transmission of sound
energy, of random incidence,
through a partition. It is frequency
dependent. When a single value is
given it should refer to the average
of the transmission losses at 125,
175, 250, 350, 500, 700, 1,000,
2,000, and 4,000 Hz. Figure 5
shows the transmission loss and
weight in pounds per square foot
of various structural materials. Mass
theory states that transmission loss
should increase by six decibels for
each doubling of partition weight,
However, for practical application
experimental transmission loss val-
ues are uscd. These are obtained
from testing laboratories where full
size partitions are tested. In certain
cases, special construction tech-
niques—such as dccoupled double-
wall construction—can provide in-
creased transmission loss. Relative-
ly low transmission losses result
when the frequency of sound energy
is coincident with resonant parti-
tion vibrations.

The following discussion adapted
from *Industrial Noise,” P.H.S.
Publication 1572, illustrates the use
of transmission cocfficients.

The fraction of incident sound
cnergy transmitted through a par-
tution is called its transmission
cocflicient (r).* It 1s related to the
transmussion loss of a partition by
the equation:

TABLE I

Noise Insulation Factor of a Room

Area
Square Feet (S)

s , s

Ceiling —
four-inch
concrate slab
ane-ingh

acoustical tile 800

Walls — four-
inch cinder block

with plaster
(both sides)
Floor — four-
inch concrete
slab plus floor
covering
3/16-inch glass
windows 60
Two 1¥-inch

hardwood doors
(close fit) 36

1,200

800

50 0.0000100

45 0.0000320

50 0.0000100

28 0.001600

20 0.010000

0.0089

0.0384

6.0080

0.0960

0.3600

(A = Tota! room absorption fi2 = 718)
(See Table 2)

Total transmittance (T)=0.5113

Noise insulation factor = 10 log,o—.}ﬁ—dB == 10log,o

718

o3 — 31.5 dB

(Adapted from Industtial Noise.4)

1
T.L.=10log,, — dB
T

The boundaries of most rooms
or enclosures are constructed of a
number of scctions having different
areas of varying transmission co-
efficients. If it is assumed that each
element of construction has sound

of the same level incident upon it,

the average transmission coefficient
T is given by:

_ TSt 4728247383 ... ThS
T = =

S

T
S

Wherc 7;, 72, 7y, and 7, are the
transmission coeflicients of the dif-
ferent parts of the boundary;
S, S., S,, and S, are their corre-
sponding surface areas; S is the sum
of all these areas. T is the transmit-
tance.

The transmittance and the total
number of units of absorption in a
room are the principal factors in
cstablishing a figure of merit for the
noisc-insulative properties of its

of
boundargies. Such a rating is given
by the 'noise-insulation factor of a
room.* This factor is expressed by:

A
NIF = 10 log,, — dB
T
An example of the uses of this for-
mula is given as Table II to illus-
trate the importance of eliminating
small arcas that have relatively large
transmission coefficients if good
noise insulation is required.* Con-
sider a room 20 by 40 by 10 fecet

' with plastcred ceiling and walls. I{

the windows are replaced by doubie

. windows with a transmission loss of

140 dB (r =: .0001), the noise in-
' sulation factor would be increnased
to 32.3 dB. On the other hand, it
ithe windows were open (= == 10),
ithe noise insulation factor would be
jonly 11.dB. It is obvious from ticse
examples that little would be gainea
by an increase in the insulation val-
ue of the walls because most of
%sound is transmitted through
‘windows and doors. Also, it should
}bc pointed out, there should be no
\openings in enclosures arouny

\
'

\
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doors, scrvices, etc. In the situation
where double windows were used,
if there had been an opening of .42
square feet, this would have per-
mitted the transmission of as much
sound energy as the balance of the
room even though this represents
only 0.015 per ccnt of the area.*

Sometimes misguided attempts
are made to reduce noise levels by
wrapping or enclosing noise sources
with porous sound absorbing mate-
rials such as fiberglass blankets. The
results are very disappointing be-
cause sound energy passes quite
freely through the porous covering.
Shect lead is now frequently used
as a noise barner. For this appli-
cation it has the excellent proper-
ties of high density and low stiffness.
Its ease of installation, including
cutting and fitung tightly around
obstructions, makes it competitive
with cheaper materials.

Smail openings in sound barriers
may greatly reduce their effective-
ness. For example, a one-inch diam-
eter hole will transmit slightly more
sound energy than the entire sur-
face of a four- by 12-foot sheet
lcad barnier rated at 40 dB trans-
mission loss. Door crack openings
and ventilation transfer grilles are
often noise transmutters. Both com-
mercially avallable special rubber
scals for doors and acoustically
treated air transfer grilles may be
used to avoid excessive noise leaks.
Where heat buildup in an enclosure
Is excessive, a fan and lined ducts
or package attenuators may be re-
quired to provide ventilation with-
out breeching the noise barrier.

Enclosures -may be placed around
the receiver rather than around the
source of noise. For example, closed
booths or partitioned-oft office-type.
work stations arc utilized in the
spacious noisy areas of steel-rolling
mills. Also, closed air conditioned
crane cabs provide substantial noise
reduction.

Partial enclosures are not nearly
as cffective as total enclosures for
reducing noise levels. However, they
can be satisfactory where only a
small amount of noise reduction is
required. Noise reduction may be
improved by limng the partial en-
closures with sound absorbing mu-
tenials They are most effective
reducig tagh frequency noise, and
may provide no significant attenu-
ation at Jow {reguencies Anooex-

ample given in the Industrial Noise
Manual® is the installation of a safe-
ty glass shield between the operator
of a punch press and the parts air
ejector. The noise reduction afford-
ed the operator was nearly 10 dB.
This was due to reduction at the
higher frequencies. In the octaves
below 600 Hz the reduction was
2 dB or less.

Barrier walls show the same cf-
fect as the safety glass shield. They
provide a noise shadow cilect for the
high frequencies but are ineffective
for the long wavelength low fre-
quency noise. They are most effec-
tive when either the noise source
or the receiver or both are close to
the barrier wall.

Absorption of sound energy

Sound absorbing materials may
be used to reduce the reflection or
reverberation of sound energy.
These materials are porous in na-
ture. They cause sound energy to
be degraded to heat energy by pro-
ducing frictional shear forces in the
air. Air molecules in motion in a
sound wave are slowed down by
friction at surfaces within the ab-
sorbing materials. These matenals
aren’t effective as sound barriers as
they transmit air motion and have
a low mass per unit of thickness.

Sound absorbing materials are
rated by the ratio of the sound en-
ergy absorbed to the energy of the
incident sound. This ratio is ex-
pressed as the absorption factor or
coefficient. Absorption varies with

the angle of incidence of sound en-
ergy and coefficients are gencrally
related to random incidence by re-
verberant room testing. As absorp-
tion varies with the frequency of
the sound, the absorption cocilicicnt
is commonly listed at six frecquen-
cies — 125, 250, 500, 1,000, 2,-
000, and 4,000 Hz. A single value
termed noise reduction coeflicicnt
(NRC) of acoustical materials is
the average of the absorption fac-
tors at 250, 500, 1,000, and 2,000
Hz. The use of the noise reduction
coefficient for calculating noisc re-
duction due to the installation of
acoustical materials is simpler but
less exacting than using the coethi-
cients for the various frequencics.

Absorption coefficients of acous-
tical materials are affected by tle
type of mounting. The most cficc-
tive transfer of sound energy to heat
energy occurs at the maximum ve-
locity of air molecules in a sound
wave. This molecular motion is at
a minimum at the reflecting or
boundary surface. It passes through
a maximum, %% wave length f{iom
the point of reflection. For most
efficient absorption the acoustical
material needs to be mounted so
that the maximum molecular veloc-
ity occurs within its matnx. In the
case of low frequency noise, e.g.,
125 Hz, a quarter wave length cor-
responds to 2.2 feet. That is why
suspended ceiling-type mounting of
acoustical tile provides better ab-
sorption of low frequency noise than
does surface mounting.

TABLE i

Noise Reducticn Computation With Acoustical
Absorption Materials

Surface area (S)

Absorption Absorption Units

In square feet Coefficient (a) (Sabins)

Floor 800 0.04 32
Walls 1,200 0.03 36
Ceiling (before 800 0.03 24
treatment)

Equipment 50

Total absorption before treotment 142 (A)

Ceiling (ofter 800 0.75 600
treatment) .

Total absorption after tieatment (600 + 32 + 36 + 50) == 718 (A.)

Therefore:
1

142

NR == 10log.o {i =10 1og;01]—8~= 10x0.7 =7dB
\

\
(Adcipted from Industrial Noise 1)
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The optimum density of an acous-
tical matertal occurs where the
sound encrgy reflected from the sur-
face of the material cquals the sound
encrgy coming from the material
after reflection from the backing
surface. A denser material reflects
too much of the incident energy
while a less dense material doesn’t
absorb the 80uRd cnergy ao elfeas
tively,

The sound absorption in a space
is expressed as equivalent square
feet of total absorption. One square
foot of total absorption (equivalent
to one square foot of open window
area) is called a sabin. The square
feet of surface area times the ab-
sorption cocfficient gives the num-
ber of sabins absorption for that
area, Adding together the number
of sabins of all surface areas gives
the total room absorption in sabins,
The reverberant noise level in a
room decreases 3 dB for each dou-
bling of the total absorption. In
most applications, installation of
acoustical materials provides less
than 10 dB of noise reduction. This
is obviously not a cure-all for noise
problems. Treatment of 20 to 50
per cent of the boundary surface
area is a practical approach. Instal-
lation of acoustical tile on the ceil-
ing or as a false ceiling is a common
practice. It is impractical to treat
more than 50 per cent of the room
surface area because noise reduction
gained going beyond this amount
is slight.

In a simplified example, the aver-
age sound pressure level in a room
can be calculated from the sound
power level of the noise source and
the absorotion of the room. With a
singlc noise source producing .01
watt of sound power in a 10- by 20-
by 10-foot room with an average
absorption coefficient of

@ = .2,
the calculation is:

Average SPL = PWL
— 10 logie § @ + 16.5 dB

SPL = Sound pressu:re level,
(reference level = .0002 dynes/cm?)

PWL = Sound power level,

(reference level = 10712 watts)

S = Boundury surfaces, feet?
(walls, ceihing, and floor)

@ = Azcrage sound absorption
cocflicient !

!

CET

TABLE IV

==z T

Absorption Coefficients of Mounted Mineral Fiber Tile

Mounting 125

Frequency (Hz)
250 500 1,000 2,000 4,000

Cemented directly to ceiling 10
Mounted on special metdl supperts 64

26 79 93 .86 .80
70 J2 .83 .90 .83

Therefore:

102
SPL (average) — 10 logwo

10-12
— 10 logw 1,000 (2) + 16.5

= 100 — 23 4 16.5 = 93.5 dB

A small amount of sound energy

can cause problems as indicated by -

this hypothetical case.

A convenient means for predict-
ing the effectiveness of proposed
absorbing treatment is the calcula-
tion of noise reduction that such a
treatment would provide.* The far
field noise reduction at a given fre-
quency can be expressed in terms
of total room absorption as follows:

Az
NR = 10 logic —
A
A: = Total room absorption be-

fore treatment in sabins.

Az = Total room absorption af-

ter treatment in sabins.

An example* of the computation of

noise reduction for the use of acous-
tical absorption materials would be
madec as follows:

A room 20- by 40- by 10-feet
with plastered ceiling and walls
has a sound absorption coeffi-
cient, «, of 0.03 at 1,000 Hz.
For the floor, « = 0.04 at the
same frequency. The equip-
ment in the room has an ab-
sorption of 50 sabins. The ceil-
ing is to be treated with a ma-
terial having an a of 0.75 at
1,000 Hz., (see Table II1).4

There is a wide selection of
acoustical materials that can be pur-

chased and used satisfactorily if

their capabilities and limitations are
understood. They reduce noise in
the reverberant sound field but don’t
alter direct noise emission. !The
sound pressure level at the position

of the operator of the noisiest ma-
chine in a room will likely be un-
changed because the operator is in
the direct sound field. Other em-
ployees, at a distance from the ma-
chine, will be bcnefited by a re-
duced noise level because they will
be in the reverberant or reflected
sound fleld. Selection of acoustical
materials should, in addition to ab-
sorption properties, take into ac-
count fire resistance, cost, esthetic
qualities, light reflection, suscepti-
bility to physical damage, and ease
of maintenance.

Acoustical tiles are available in
various sizes, compositions, surfacc
textures, and styles. They are stan-
dardized to Y2, 3 or one inch in
thickness. A fissured mineral fiber
tile 34-inch-thick and mounted as
indicated will provide average at
sorption coefficients as shown in
Table IV.?

The absorption is much greaic:
than for hard reflecting surfaces
such as plaster, smooth concrete,
metal surfaces, or tile floors. The
hard reflecting surfaces generally
have absorption coefficients of .01
to .05. Mineral fiber tile is pie-
ferred to cellulose tile because of
fire safety. Properly designed per-
forated metal facings or thin plastic
membrane facings allow transfer of
sound energy into acoustical ab-
sorbing materials. These facings
protect the fibrous sound absorbing
materials and are easily maintained.
The sound absorption coefficicnts
must be for the specific materiuls
and mounting methods used. With
any of the acoustical materials 1t
is important to avoid loss of ab-
sorption properties due to plugging
of porous openings by dirt loading
or by repainting. Repainting muay
be accomplished without bridgi-
over the void spaces if proper tcc.
niques are used—such as hglt
spray painting.

Sprayed-on mineral fiber acous-
tical coatings may also be used cf-
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fectively for noise absorption. They
have the advantage of conforming

. to irregular surfaces. However, they

have the disadvantage of being eas-
ily damaged and they are difficult
to clean,

Space absorbers (preformed
acoustical units that are hung from
wires) have the advantage of pro-
viding relatively good low-frequency
sound absorption because they are
mounted away from the sound re-
flecting surfaces. Another advan-
tage 1s their potential for reuse by
simply taking them down and re-
hanging them in another area. They
may be in the form of baffles or
various geometric shapes. They
should be rated in terms of sabins
or equivalent square feet of total
absorption for a given installation
spacing, Their effectiveness is simi-
lar to that of the equivalent number
of square feet of acoustical tile
mounted at the ceiling.

Acoustical materials applied in-
side of equipment enclosures reduce
reverberant buildup of noise levels
and thereby reduce the amount of
noise energy generated into the sur-
rounding space. Fan noise trans-
mitted through duct systems is fre-
quently reduced by lining the ducts
with fiberglass blankets or by install-
ing package attenuators in a sec-
tion of the ductwork. The package

attenuators arc convenient to instail
and provide an apprcciable reduc-
tion 1n noise level. They are com-
mercially available, normally in two-
to eight-foot lengths, and are sized
for relatively low pressure drops at
rated flow. For example, a five-foot-
long unit that was instalicd in one
laboratory supply air system was
rated at 5,000 cfm, .25 inches of
water pressure drop and from 17
to 47 dB attenuation in the octave
bands of interest. Anyone selecting
such units should be aware that the
manufacturer’s noise reduction rat-
ings may relate to a static test. Un-
der air flow conditions, some noise
may be regencrated due to air tur-
bulence at the dischaige.

Mufllers

Discharge of compressed air, such
as from pneumatic tools, compres-
sors, or engines, may produce a
noise exposure hearing loss hazard.
Either dissipative or recactive type
mufflers can be used for control of
this noise problem. Dissipative muf-
flers are lined with sound absorp-
tive materials and provide moder-
ate reduction of noisc over a broad
frequency range. Venulaton ducts
lined with glass fiber blankets and
the package duct altcnuators may
both be termed dissipative mufflers.
In some applications, the absorptive
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Figure 5 plots the nore barrier transmission loss in decibels for various materials
according to their weight 1n pounds per square foot.4

Liners in these mufflers may have to
be 1cplaced due to particulate load-
ing,

Rcactive mufflers make use of
reflection of sound energy and reso-
nance phenomenon. They may have
veiry high noise reduction character-
istics over a relatively narrow fre-
quency range. Therefore, a series
of reactive components are often in-
corporated to broaden out the effec-
tive frequency range. |

In review

More extensive treatment of the
principles and applications of en-
gincering control of noise may be
found in the bibliography. Reduc-
tion of noise at the source through
substitution or modification should
be the safety professional’s first
consideration. When that isn’t prac-
tical or is inadequate, the various
mcans for reducing transmission of
noisc from the source to the em-
ployee are considered. If noisc can
not be reduced to safe levels through
preferrcd cngineering controls, then
the employee must wear personal
hearing protectors.

sy being well informed about
nowse hazards and controls, the
safcty professional is better equipped
to recognize noise control needs
and to make better use of the ser-
vices of specialists in the ficld.—End.
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Some Practical
Examples of
Engineering
Noise Control
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In the use of quieter equipment, the illustration on the left shows the noisy air ejection
method while the figure on the right shows quieter mechanical ejection.

An enclosure house for a tumbler barrel was lined with fiberglass inside and the inside
of door was coated with an underseal.
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A total enclosure for a screen sifter proved 1o reduce noise
effectively in the case shown,
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Shown here is a safety glass shield that has been placed be-
tween the operator and the punch press as a sound barrier,

SOURCE

+ ke e o cesire e nn )

1

In reducing vibration — a source of noise at a pulp refinery — the illustrations show: on the left the original condition; center, the
pit filled in with an ccoustical material to minimize reverberation buildup; on the right, the entire machine has been sprayed with

an acousticai material and covered with asphalt.
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Engineering Noise Control

AFTER THE PROPER SURVEY of
existing noise levels for various en-
vironments and machines has been
made, and after the measuring in-
struments have shown that an area
is too noisy for comfort, what steps
can the safetypro take to reduce
noise levels for employees working
in those areas?
There are two approaches:

1) The environment and the ma-
chines can be redesigned so that the
over-all noise level is reduced—
noise reduction at the source;

2) Where it is impossible or not
feasible to reduce noise to a com-
fortable or safe level, individuals
can be provided with protective de-
vices designed to reduce possible
aural injury.

The general principles used to
reduce structure-borne sound are:

e Isolate the source of vibration
from a sound-radiating surface;

e Place a sound barrier between
the noise source and the equipment
or machine exterior;

e Damp the amplitude of vibration
of the sound radiating surface.

Vibration isolation materials
make use of a resilient mounting to
separate the energy source from the
vibrating surface. Products that re-
duce transmission of sound by con-
duction include: high-density glass
wool matenals; steel springs; elasto-
mers; cork; felt.

Sound barriers utilize a material
capable of retarding airborne sound
transmission. They can be air-im-
pervious materials and include:
glass wool blankets with impervious
facings, paper-celiulose or asbestos;
asphalt-trcated gypsum board, hard-
board or plywood; plastic shecting;
lead-loaded vinyl shecting and mct-
al sheet or heavy foil. .

Pancl damping consists of the
apphcation of a material with high
internal damping properties. The cf-
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fect of such treatment 1s to reduce
the ring or tinny sound of a metal
surface. To decrease the amplitude
of vibration of panels, the follow-
ing may be used: asphalted f{clt,
applied by adhesive; damping ad-
hesives; damping tapes.

Vibration isolators break the
path of vibration because they are
resilient and act as springs.

With sound barniers of the air-
impervious sheet type, the incident
sound waves set the sheet into vi-
bration, and the sheet generates new
fsound waves of reduced intcnsity
on the other side. The effectiveness
of a barrier increases directly with
its weight per square foot. For sound
barriers of the faced glass wool type,
in addition to the barrier action of
the facing, the sound energy is ab-
sorbed in passing through the por-
ous layer of glass wool material
and is converted into heat,

Vibration dampeners are heavy,
limp materials with high internal
friction, which reduces the vibra-
tion of the panel.

Certain physical principles of
noise control methods must be con-
sidered. For example, the property
of resonance is basic to control by
engineering methods. When a small
object—such as a watch or a piano
wire—is isolated, it produces rela-
tively little sound. But, when it is in
contact with a large acoustic con-
ductor—such as the sounding board
of a piano—there is a transfer of
sound energy that results in con-
siderable amplification. Machinery
and equipment act the same way if
insulators or isolators are not pro-
vided to prevent the noise from
being transmitted and considerably
amplified.

In some cases, it is possible to
substitute quiet opecrations or de-
vices for more noisy ones. Welding
can be substituted for riveting in
some opcrations without loss  of
strength or cfficiency to the resulting
product Also, in many noisy en-
vironments, flasher lights instead of
bells may be used as signals.

Likewise, one materal may be
substituted for another to cut down
the noise of operations. In stamp-
ing operations, for example, mild
steels, brass, copper, -or aluminum
may be used in place of the harder
steels, where possible, with conse-
quent reduction of impact noise.

Too often, the rattles, squeaks,
and thumps of machinery indicate
that maintenance has been necglect-
ed. Frequently, considerablc noise
can be eradicated through a good
housekeeping program, which in-
cludes regular inspection, tightening
of loose coanections, and periodic
lubrication of equipment, together
with the installation of proper
damping to reduce unnecessary vi-
bration of parts.

Although proper maintenance is
an extremely important phase of
noise reduction, machinery eventu-
ally becomes too worn to accom-
plish properly the task for, which it
was designed. When that state of
obsolescence is reached, substitu-
tion of more modern equipment, to-
gether with a complete survey of
plant layout and operations, can
often mean lower noise levels and
increased safety and production
(see Table II).

When new construction is neces-
sary, both sound and air condi-
tioning of the new area should be
considered. When both types of con-
ditioning are utilized, the walls of
the room should be constructed of
materials of high density and mass
and low elasticity, as compared to
air. The result is low sound trans-
mission. Combined with a layer of
absorbent material, it provides good
insulation for efficient air condition-
ing. The two types of conditioning
then work together to isolate the
individual from unnecessary noisc.

Where the walls produce a high
degree of sound reflection and there
is no absorption, the echoes from a
sound source do not have a chance
to dic away before another incre-
ment of sound is added. Under such
conditions, the installation of acous-



tic materials on walls or ceilings can
be of great benefit in bringing over-
all sound levels down to a safe ex-
posure point.

Engineering control of airborne
noise can be summed up in three
words: absorprion; isolation; sub-
stitution.

Current practiees include the in-
stallation of mechanical barriers that
absorb noise within an area or pre-
vent its movement from one area
to another.

Absorbent materials reduce re-
flection or echoing, and may be
acoustic wallboard, glass fiber, pan-
els, or any other building material
that combines high porosity and
resistance to air flow, Numerous
types of absorbent materials are
available, and more are continually
coming on the market.

When 1solation is the method
used, noisy machines may be sepa-
rated from one another so that their
noise output is not so great within
a single area; or, they may be en-
closed in highly absorbent housings
with impervious outer walls. If nei-
ther of these methods is practical,
a study of the over-all operation
may lead to changes that, together
with better maintenance, wiil reduce
the noise level.

In order to have good sound iso-
lation between two spaces, it is ne-
cessary to separate them by a heavy,
impervious material—such as sheet
metal, masonry, lead, or wood. The
heavier the material, the more diffi-
cult it becomes for the incident
sound wave to produce any vibra-
tion of the wall. It is the vibration
of the wall that causes sound to be
radiated into the adjoining space.

Studies within rooms enclosed by

a sound isolating partition show that
the reflected sound is almost as in-
tense as the incident sound. The
reflections on one side of the parti-
tion will cause a reverberant field
to be built up. The increase in the
intensity at the partition over that
shown for a wall covered with ab-
sorbing material will cause unneces-
sary vibration of the partition.

Better sound isolation between
two rooms can be obtained if the
reverberant buildup in the first room
is eliminated. A partition that com-
bines the advantages of an absorb-
ing material to reduce reverbera-
tion and a heavy, impervious pancl
to reduce the transmission of sound
can obtain the optimum sound iso-
lation possible with a single-wall
construction., Double-wall construc-
tion may be necessary to control
some industrial noise problems.

This combination of sound ab-
sorbing and isolating materials is
the basic component of most de-
signs for the control of airborne
noise. Often a protective facing is
placed in front of the absorbing
material to protect it from damage.
Usually, this facing will be a per-
forated matenal such as sheet metal,
press board, or mineral board;
sometimes a thin plastic or glass
wool bag may cover the absorbing
material. A properly protected wall
structure will find wide application
to noise control problems.

In constructing an isolating par-
tition, it is mandatory that no leaks
—no matter how small—be per-
mitted. In noise control, enclosure
means that all cracks and openings
are sealed so that the resulting struc-
ture is completely air tight.

To illustrate this point, an open-

TABLE 1i

Changes in machinery that produce changes in vibration levels
are countless, and include or are a result of the following:

o Wear o Erosion e Corrosion o Aging o Inelastic behavior ©
o loosening of fastenings o Broken or damaged parts o
o Incorrect or inadequate lubrication o Foreign matter o

o Environmental changes o Chemical changes in materials o

When maintenance of proper performance or acceptable noise and vibration levels is
the goal, symptoms are used as a guide to discover the source of any trouble that may
develop and to decide on the remedy. It s helpful to keep in mind the many ways that
machine performance 1s aoffected by chonges that occur with time. A systematic classifi-
cation of the sources of these changes should serve to point up the many possibilities

that exist

(Adapted from Handbook of Noise Measurement, General Radio Co., West

Concord, Mass -
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ing one inch in diameter in a con-
crete block wall 10 feet square
would, in the mid-frequency range,
transmit as much sound as the en-
tire remainder of the wall. Similar-
ly, a door placed in this wall that
has @ crack between it and the jamb
of only a few thousandths of an
inch will, in the same frequency
range, transmit as much sound as
the rest of the wall.

Therefore, all cracks should be
sealed with an elastic caulking com-
pound. Openings for ducts, con-
duits, piping, and control cables
should have tight-fitting gaskets.
Doors should be sealed with an ex-
truded rubber gasket, made in the
form of a hollow tube. The enclo-
sure should be inspected and rein-
spected so that all leaks will be
eliminated permanently.

It is often impossible to enclose
a noise source and still maintain
any production. In such a case, the
smallest tolerable opening should
be used. If an opening is much too
large, and there is no absorbing
material on the inside of the struc-
ture, there will be an increase in the
noise at the operator’s station.

A method of noise control that
will permit operation may provide
only a few decibels of quieting in
the important frequency range. In
many cases, this reduction may be
sufficient to eliminate effectively
the hazard or annoyance. If not, it
may be necessary to utilize some
method of remote automatic feeder
control, and to enclose the noise
source. Surprisingly enough, remote
control will often be less expen-
sive than redesign of the machine
to reduce the noise at the source.

The approach to a noise control
problem can best be summed up as
follows: 1) Consider the source.
Can a quieter machine be substi-
tuted? Can the noisc encrgy be re-
duced (lower rpm)? Can a useful
change be made in the directivity
pattern? Can resilient mounts be
used to reduce vibrations? Can a
muffler be used? 2) Consider the
path from the source to the listener.
Can the source or the listener be
readily moved to reduce the noise
level? Is acoustic treatment of the
ceiling or walls a useful solution?
Should sound barriers be erected?
Is a total enclosure required? Is
personal protection required?—End.
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The earliest city noise ordinances in
the United States usually restricted street
activity, but the provisions generally were
non-quantitative and consequently un-
enforceable The first ordinances contain-
ing specific permissible noise Ievels reg-
ulated indusiry and other activities fixed
to the land as well as automobiies and
trucks operating on the roadways. Today
noise ordinances are becoming more
comprehensive. Their impact varies with
quality, content, and administration.

Since the beginning of western civili-
zation, there has been noise control.
Chariot use was restricted in the Roman
Empire. Medieval towns tried to hush both
mobile and stationary noise sources. ron-
wheeled carts were not permitted to move
on paved market streets due to associated
noise. There were nighttime restrictions
on noisy commercial and industrial activ-
ities including blacksmith operations.

The earliest noise reguiations in the
United States were municipal ordinances
dating back to 18502 Not until the early
1900's did national concern for noise con-
trol begin to develop As late as 1930
there were fewer than 20 American cities
with laws regulating noise, and the legis-
lation in existence was poorly defined
and non-quantitative.

Several historic events shaped evolu-
tion of community noise ordinances.
These include.

(1) Publication of City Noise, prepared
by the Noise Abatement Commission for
the New York City Department of Health
in 193032

(2) Adoption of a motor vehicle control
ordinance by the city of Memphis, Ten-
nessee, in 19384

(3) Publication of the National Institute
of Municipal Law Officers (NIMLO) model
ordinance prohibiting unnecessary noise
In 19483

(4) Adoption of a performance zoning
ordinance by the city of Chicago, lihnois,
in 1955, as developed by the Armour Re-
search Foundation.®

{5) Enforcement of the noise control
sections of the Motor Vehicle Code by
the Califormia Department of Highway
Patrol in 1967.7

(6) Adoption of a noise ordinance by
the city of Inglewood, California, In
19698

(7) Publication of a revised NIMLO
model noise ordinance in 1970.°

(8) Adoption of a revised noise or-
dinance by the city of Chicago in 1972.1°

New York Mayor Jimmy Walker gave
approval to the Commissioner of Health
to establish a Noise Abatement Commus-
sion for studying urban noise and recom-
mending solutions. Appointed in 1929,
this was the first such commission ever
assembled Their report, City Noise, has
been widely circulated and was the first
definitive statement about city noise prob-
lems. The noise control laws recommend-
ed for New York were subsequentiy adopt-
ed by many cities.

Basic provisions included muffler re-
quirements for motor vehicles and other

Table 2—- Noise Violations in Memphis,
Tennessee '+'¢

Year Type of Violation Citations
1966 improper Muffler 5.760 :
1971 1,099
1966 Horn Blowing 350 ]
£1971 150

internal combustion engines, buillding
restrictions in residential areas from
5.00 pm. until 8 00 a m.; prohibitions on
use of horns and whistles, regulation of
peddlers, hawkers, and vendors; and a
ban on excessive noise from mechanical
or electrical sound-making or sound-
reproducing equipment. Both stationary
and mobile noise sources were identified,
but the report did not discuss industnal
noise In any detail.

Memphis, Tennessee —prociaimed
America's quietest city—borrowed sev-
eral provisions from the New York docu-
ment for the 1938 Memphis ordinance
regulating vehicle noise* Noise 1s re-
garded as a nuisance and regulated as
such Maximum permissible sound levels
are not specified in decibels. Usually this
type of non-quantitative noise control
fails, but an active enforcement program
in Memphis has made this particular
ordinance one of the most successful
regulations in the country.

Recognizing that munimpalltlés estab-
lishing noise ordinances needed guid-
ance, the National Institute of Municipal

uiet Please” Doesn’t Worlkk Any iViore

by Clifford R. Bragdon

Law Officers (NIMLO) in 1948 prepared a
research report, Municipal Control of
Noise —Sound Trucks—Sound Advertis-
ing Aircraft—Unnecessary Noises-—
Annotated Ordinances.® This repon, coi-
taining the “NIMLO Model Ordinance
Prohibiting Unnecessary Noises,” has
shaped most noise ordinances in the
United States. A study conducted for the
U.S. Environmental Protection Agency
showed that 29 of 83 local jurnisdictions
(35%) had enacted the NIMLO model
The NIMLO Model was a refinement of
ordinances existing at the time, but it did
not include quantitative noise limits.

In 1955 the most influential building
ordinance restricting noisy land use be-
came law.® Chicago regulated noise by
setting limits in decibels for various oc
tave bands This was a new approach to
zoning. Restrictions were placed not on
the type of industry—e g. light or heavy
manufacturing—but rather on industrial
performance In terms of noise For the
first time industry was regulated accord-
ing to specific acoustical criteria rather
than vague nuisance provisions It was
required that sound-measuring Instru-
ments be used for property line measurc-
ment. Initially the Chicago ordinance was
not very well enforced, but other junsdic-
tions began to adopt similar provisions
for zoning

In 1952-53 a few cities established ve-
hicle noise restrictions expressed in dec-
tbels—eg. Sealtle, Washington,'? and
Cincinnati, Ohio '3 Not until 1967 was an
effective vehicle noise control law and
program established by a government
agency. The Calfornia Vehicle Code was
the first to regulate noise quantitatively for
new vehicles sold as well as for existing
vehicles operating on highways’

California again took the lead in 1969
when Inglewood estabhished the first
comprehensive community noise ordi-
nance program® Many elements of the
inglewood program have been emulated
by other jurisdictions.

In obvious response to the need for en-
forceable noise ordinances, NIMLO in
1970 modified its earlier model and pro-
posed decibel provisions as an alterna-
tive.? included now are noise hmits for
use in districts—e g. residential, manu-

(continued on page 24)



Table 1—City Noise Control Regulations in January 1973
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(Quiet, Please continued from page 12)
facturing, and commercial—as well as for
motor vehicles.

Chicago's fully revised 1972 noise or-
dinance is eurréntly the mast 8émprehan=
give in existence.'® The program has at-
tracted national attention and is becoming
a yardstick to which other jurisdictions
are compared.

The influence of Chicago—and to a
lesser extent NIMLO —is only beginning
to be noticed. Government and profes-
sional associations are in the midst of
preparing guidelines to help municipal
and state agencies enact technically re-
sponsible ltaws and programs. The Amer-
ican National Standards Institute (Work-
ing Group S3-50: Outdoor Evaluation of
Community Noise) I1s preparing gude-
hines for a model noise ordinance,'4
while EPA s working with the Council of
State Governments to prepare model
state enabling legislation in regard to
noise.'®

Kinds of Ordinances

The constitutionality of regulating noise
for the protection of public health, safety,
and welfare has been upheld. A munici-
palty—that is, a city government—may
use police power to regulate nuisances.

A nuisance is anything that endangers
life or health, gives offense to the senses,
violates laws of decency, or obstructs
reasonable and comfortable use of prop-
ey, The malerity bf municipal nelse
ordinances in the United States are based
upon nuisance law.

Municipalities in nearly every state
have adopted noise regulations, but the
number of citizens protected by noise
regulations is only 47 million—23% of the
total U. S. population. The majority of city
governments have no noise ordinances,
and many existing ordinances are vague.
(See Table 1.)

Ordinances may be classified as either
nuisance or performance regulations.
Performance regulations are based upon
specific acoustical criteria. Nuisance
regulations are not. Neariy 85% (148 out
of 175) of the regulations listed in Table 1
are the nuisance type.

Nuisance Regulations

The nuisance type of noise ordinance
typically prohibits unreasonably loud,
disturbing, or unnecessary noise. There is
usually no attempt to define noise acous-
tically. Most ordinances of this type are
similar because they are based upon the

include

¢ Sounding of horns or other signaling
devices except in case of emergency.

s Operating radies, phenegraphs, or
other sound-producing devices in such a
manner as to disturb the peace, quiet,
and comfort of people nearby.

» Constructing or repairing buildings
between the hours of 6 p.m. and 7 a.m.
except in cases of urgent necessity or
under permit.

+ Street vendors' disturbing peace and
quiet to direct attention to their wares,
trade, or calling.

¢ Vehicles' causing unnecessary noise
because of defects, improper loading, or
inadequate mufflers.

» Animals’ causing frequent or long-
continued noise that disturbs people’s
comfort or repose.

» Operating construction equipment so
as to cause loud or unusual noise be-
tween the hours of 10 p.m. and 7 a.m.

In addition, quiet zones often are spe-
cified for institutional land use. Unneces-
sary noise is restncted near schools,
hospitals, and churches —during periods
of ime when buildirigs are occupied.

With few exceptions enforcement of
nuisance regulations is ineffective. Nuis-

NIMLO model. Banned activities usually

Table 3—Fixed-Source Noise Levels Allowable at Residential Boundaries

(continued on page, 26)

*National institute of Municipal Law Officers Model Noise Ordinance
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LA INSTRUITLITACTION APLICADA A LA DVALUACION DI LA VIBRACION MECANICA.

Ing. Miguel Medina
INTRODUCCION:

11 vroondsito dec dsta platica es coantribuir en la técnica de medicidn del -
ruido y la vibracidn mecédnica, asumiendo una actitud modesta, debido a que
el campo es bastante amplio y a la vez despertar el interés y la motiva —-
cidn en las nuevas ﬁeneraC1ones gque actualmente se enfrentan a un mundo de
révidos combios tccnoléglcos siendo necesario una agil readaptacidn a las-
nuevas dreas de conocimientos.

La mayor preocupacidén del Inseniero de mantenimiento en la Industria es la
conservacidn del eouipo o maquinaria cue le ha sido dado a su cuidado.

Si una mdqulna en 1a Industria digamos un soplador presenta severas vibra-
ciones al simple tacto, nuestro ingeniero se preocupa y con razdn, debido-
a2l inesperado y no programado paro repentino que puede sufrir la unidad --
repcrcutiendo en los costos de la productividad.

DLFINTCTION DI VIBRACION:

Todos los cuerpos eun la noturaleza poseen propiedades fisicas tales como -

]

elasticidad y masa cualidades que los hacen capaces de vibrar al ser sone-
tidos 2 una excitacidén de tipo impulsivo ejem. Un autombdvil cue viaja por
carretera y es golpeado por ua bache producirsd un vaiven en el sentido ver-
tical originando con esto uma vibracidn, en otras palabras la vibracidén es
la variacidén dec la configuracidn de un sistema con respecto al tiempo, al-
rededor 4o una posicidn de equilibrio estable. _ -
VIDRACTO: TORZADA:

Nombre dado a la vibracidén resultante en una miquina que generalmente es -
la mezcla de diferentes fuentes de vibracidén producidas en la misma uanidad.
La vibracién forzada en maguinaria normalmente es de naturaleza periddica-
esto es,cuya configuracidy fisica se repite a intérvalos de tiempo constan-~
te llamado periddo. '

ANALISIS DI FPOURIFR:

Fourier descubrié que cualquier onda no importando su forma cuadrada, tri-
angular, diente de sierra etc. Siempre y cudéndo sea peribddica, puede des -
comoonerseﬂcn funciones_arménicas Ver formulas.

f (t)= 7~ +-§}‘665nw't+ z?ﬁScnnmot
! !

Dénde w = o

T



£2=1 [ 7 £(t) at.
T o
| '
fé: 2 f(t) COsn 2m64d%t.
T “o T '
. ' )
fu= 2 f(t) Senn 2#tdt.
T /o T

Las vibraciones producidas en una miquina por ejemplo el soplador mostrado-
en la figura son dc cardcter complejo y la Unica particularidad cue tiene -

es la periodicidad, es decir que si conocemos la forma de la onda y su peri-
§do podriamos utilizar las relaciones matemdticas arriba anotadas, lo cudl-

serfa muy comnlicado vara el ingeniero en la préctica. )
I's necesario utilizar aparatos que hagan todo éste trabajo engorroso y nos-

pa]

den la informacidbn necesaria para localizacidén de fallas.(Ver diagrama de -
block)

| ——

F1777777 777777777777 7777/

NI
|

—

WNIDAD SOPLANTE

A.- Transcuctor.
B.- Preampnlificador.
C.- Analizador de frecuencias.

D.- Registrador Gréfico.
n1 proceso de evaluacidn con los aparatos mostrados se le llama andlisis de

+d

vibracidn.
A.- Tranzductores: Son los dispositivos que transforman la vibracidén mecd -
nica en sefial eléctrica existen en la préctica dos tipos comunes.
I.- Electrodindmicos.
Los transductores electrodindmicos consisten en una bobina mévil sus-

pendida por membranas de acero que funcionan cémo resorte, la bobi-
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na al ser excitada por la vibracién se mueve\y carta lineas megné-
ticas de un iman vecino (Principio electrodindmico) y se genera --
un voltage que es proporcional a la velocidad de la vibracién, la-
ventaja de este aparato es que tiene alte sensibilidad pero limi --
tada respuesta de frecuencin no mds de IO00 ciclos por segundo, y-
no soporta altas temperaturas.

TEQMI VALES
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Acelerémetro.

Tl'ste dispositivo funciona bajo el principio del cristal Piezo eldé-
ctrico que al ser sometidos a presiones y tensiones se genera en -
las coras del mismo un voltage proporcional a la aceleracibén y cs-

.procesado en un aparato indicador.

Las ventajas de ééte disposiﬁivo esﬁde peso ligero soporta altas -
temperaturas, humedad, y tieﬂe\alta respuesta en frecuencia hasta-
20,000 ciclos por segundo, laldesventaja es que tiénen poca sensi-
bilidad y necesitan forsozamente un preamplificador.

Gty 19
L i
Ly £
- :
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B.- Preamplificador:la seflal eléctrica de salida del acelerémetro es muy-
débil y es necesario amplificarla con la minima distorsién posible, -
recordocndo que la sefial del acelerémetro es proporcional a la acele -
racién para obtener la velocidad y el desplazamiento de la vibracién-

ma
-

%

[

cnitudes necesarias que dan un panorama més completo de informacién,
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.es escencial aque dicho preamplificador tenga dentro del circuitorndos redes-

integradoras.

C.~- Analizador dc Precuencias: El objetivo principal de este aparato es el-
de romper la vibracién compleja que viene de la mdquina on sus equiva -
lentce arménicos on otras palabras, el aparato que substituye y realiza
la ardua tazrea de resolucidn matemdtica de Fourier.

Procedimiento: E1 apara%o contiene los sigmientes pasos en el circuito-
para procesar la sefial.

AT s Wi AW
) ¥ rureo 3 P  JeaevA AL X2 [,
Aw QuADRADO ¥

PROMEDIA
. F owision |
e Pon Aw &
\WALoZ TPECMVO ¥ \fi‘(z
BE LA SENAL. " ’

Lo sefial x(%t) de entrada al instrunento pasa por un circuito de fil --
trado de ancho de bamda lo mds angosto posible dentro del rango dc ~--
frecuencias v+Av ¥y procurando no atenuar la sefial, después nasa por -
un paso cue eleva al cuadrado y promedia todas las sefiales que estléi -
dentro del mismo ranso, enseguida pasa por el paso que divide por .\ -
vy al mismo tiempo sacando raiz cuadrada para obtener finalmente el vo-
lor eficaz de la sefial, egta puede leerse en indicador o pasar a otro-
aoarato llamndo graficador.

Es necesario observar que existe dos tipos o procedimientos de filtin-
do, uno es en el vorciento de Banda con relacién a la frecuencia cer -
tral, cue algsunos avaratos tienen un rango desde 6 a 29%, estos son --
los méds adccuados para realizar andlisis de vibracidén de maguinarie.
EL otro tipo de filtrado es el de filtros fijos de rangos en octaveo -
v tercios de octavas (una octava abarca un lapso de doble frecuencic -
por ejec.wnlo una Trecuencia de I00 C.P.S5. la siguienve octava es de 204
C.P.2.) "ste sistema es muy adecuado para medir ruido por contener ac-
nos rrccuenclras discretas dentro de su espectro.

D= Gra'icedor: Bl registrador grifico consiste en imprimir la seiial en --
pajcl para su estudio, este debe tener buena sensibilidad y amplio ron-
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INGTRUMGBNTACION APLICADA A iA EVALUACION DE RUIDOS
-
NTRODUCGC IODN:

L1l ambiente moderno tiene frecuentemente actividades gencradoras de
ruido y transmisoras del medio y las causas mds frecuentes del ruido son:
1. Vchiculos de motor
2. Instalaciones productoras de ruido (Jaguinaria en general)
3. Construcciones
4, Ruidos wvarios.

Los efectos del ruido determinan no solo fatiga en la audicidn sino tam-
bien disminucién de la eficiencia en el trabajo y trastornos psicoldégicos -
serios. ZIntrc los efectos mas frecuentes del ruido existen los siguientes:

1. Fatiga mental producida por el esfuerzo para percibir correctamente
una voz humana o un sonido dentro del ambiente ruidoso.

2. Grrores de comunicacién as{ como la interpretacién debido a trastor-
nos de la percepcibén acustica.

3. Alteraciones en el equiliprio psicoldégico y por consiguiente aulento
en la problematica de comunicacidén humana. ;

4. Fatiga de las cuerdas vocales debido a la nccesidad de hablar fuertc
por el ruido ambiental existente.

5. Lesioncs auditivas que pueden ser desde minimas con disminucién de
la audicidn hasta méximas y permanentes como la sordera total que
puede observarse en personas que estdn en contacto con ruidos en for-
ma crénica.

DEPINICION DI RUIDO:

El ruido es un conjunto de sonidos que producen molestia y alteracidn dc
la salud en el ser humano. Ejem.:

Cuando un soplador preéenta vibraciones violentas, las vartes en movi-
miento actuan como generadores de ruido; pues perturbardn las moléculas de
aire vecinas originéndose las fuentes de ruido. '

Para evmluar las caracteristicas fisicas tales como el nivel de presidn
sonora (Decibelios) y las frecuencias preponderantes del ruido méncionado es
necesgario utilizar los aparatos descritos en diagrama de block.
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UNIQADR SoranTs
A - Microrowe

B. ANALIZADOZ DE ONDAS
C - PEGSTRRDGE GRARICO.

HICROTONDOS:

El smnido se genera debido a una perturbacidén, vibracidén mecédnica trans-
mitida a través de un medio gaseoso (aire) un dispositivo capaz de transfornar
cstas oscilaciones mecdnicas en oscilaciones de una corriente eléctrica, rcci&
be el nombre de microfono, este dispositivo es el equivalente elecirozcictico
de nuestro organo zauditivo (el oifdo).

Las caracteristicas que expresan el funcionamiehto de un micrciono y ‘u=
determinan su correcta aplicacidén, son las siguientes: :

1. Scnsibpilidad o rendimiento.
Queda determinada cuando se conoce la tensién eléctrica producidr por
unidad de presidn acustica recibida. Cuanto mayor sea la tensida elle-
trica generada, tanto mayor es la sensibilidad. \

2. Curva de respuesta;
Si para una pttencia sonora de recepcidn fija, se anotan sobre las or-
denadas los distintos niveles de salida obtenidos segun las difercntes
frecuencias, llevadas sobre el eje de las abscisas, por @onvenicn@ia a
escala logaritmica, de esta manera se tendrd la curva de respuesta del
microfono en cuestidén. (ver fig. 1).
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a)

pidelidad.

Es la exacta reproduccién de todas las frecuencias. La fidelidad
supune una curva de respuesta en forma de una recta paralela al eje
de abscisas (Resp8esta plana), siendo impdsible‘eonseguir en la préc-

tica, como méximo, es posible obtener uha curva de resnuesias aue

para ciertas frecuencias tenga variaciones - un deeibelio consi-
derando este resultado como de gran fidelidad.

HAstorcidn.

Cuando la tensién eléctrica de salida de un microfono no reproduce
exactamente las frecuencias que registra, sino que las deforma, se
dice que existe distorcidn.

La distorcién puede ser de tres tipos:

Distorcidn no lineal. Si a la frecuencia fundamental se lc agregan
frecuencias extrafias en forma de arménicos de la misma, el sonido -
inicial guedard convertido en un desarrollo de Fourier:

Aj Sen wl t + A, Sen w, T + A3 Sen W3 t.

E1l cuarto y quinto arménico y los demds se desprecian por considerar-
se minimo su valor.

Se entiende por coeficiente de distormnidén D La expresidn:

2 2

D= A2 -+ A3
2
Ay

Cuyo valor indicard la importancia de la distorcidn, el cual deberéd
estar dentro de tolerancia.

Ruido de Fondo.

Se llama asi{ al sonido propio cue tiene todo sistema electroacistico.
Aunque el microfono no reciba njngun sonido, genera un pequefio voli: ~
je motivado por el movimiento de electrones como consecuencia del cu-
lentamiento del circuito (ruido eléctrico).

Debe tenerse en cuenta que al amplificarse la salida del microfono,
el ruido de fondo también serd amplificado. |

Direccionalidad.
La sensipilidad de uh microfono varia también segin el angulo de i i-
dencia quc forma con su eje geométrico el sonido recibido; esta senci-
bilidad es muy desigual segin los diversos tipos de microfono, hay 3
tipos principales: unidireccionales, B idireccionales y Omnidireccio+4
nales.
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o) Unidireccionales.

"(6m6 su nombré 1o indica, son los que presentan una diferencia de sen -
sibilidad muy notable en determinada direccidén, siendo méxime cuando

el fodo sonoro se encuentra sobre la prolongacidén de su cjo, decrecien-—
do répidhmente a medida que aumenta el dngulo de incidencia siendo muy-

‘peoiiefia cudndo éste valga 90° y nula ( no registrando sonido ) cudndo -

el sonido llegue por la parte posterior del micréfono. La fig. 2 mues -
tra la respuesta de éste tipo de micrdfono.

BlG. 2

b) Bidircccionales.

c)

Presentnn les snteriores caracteristicas de direccionzalicdad wor ambrns -
caraa, tal cdno indica fig. 3. Bl micrdéfono no tienc resvhuesta en un -~
nlano nervendicular al eje de simetria.

EJE SIMETRIS

. FiG. 3
Omnidireccionnlec.

Presenton unn sensibilidoad constante cualquiera que sea la direccidn -
por dénde leg llegue el sonido. Ver fig. 4
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SLAUT2Y o adTON DE MICROPFONOS.

I. Micrdéfonos eclectrostdticos, también llamados de condensador dcbido a
.que su funcionamicento se basa en las variaciones de capacidad de un
condensador Ver fig. 5

)

W
— —q,
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Pisicamente el micréfono de condenscor consiste en una placa fija y lo-

otra movil de un material ligero de Duraluminio que puede vibrar lige -

ramente de acuerdo con la vibracidn sonora recibida estas fluctacioncs

cambian la capacidad Dielectrica del condensador.,

Un estudio més detallado de éste micrdéfono se centrard en la siguientc-

fisura. 6

] \ ﬁ‘
3 R 5
PRESION Cr+0¢; . l V. 4] DR
SoNORMA ‘ ' R \ :
. _J ] i E
. = i V== ' V,
DIARRAG M A Cs } E ) cL e
MIGROFEND :—[‘ s !
! ! LG
' v o e
VOLTAGE | PREAMP LI EICADOR
POLAZNZRHAON

Diagrzma de un circuito simplificado de un micréfono de condensador y-

su preampliiicador.

Un micréfono de condensadof tiene un valor muy pequefio de capacitancia

¥y reguiere 1o preamplificacién cémo es mostrado en fig. 6

_-_.(_E..). * -T EO . g_\':’RC ®

L
i

= Voltore de polarizacién.

- .

G, = Capacitancia del micréfono.
AC (1) = Variacidn de capacitancia debido a la presidn sonore.
) c

r
itancia interna del circuito.
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» = ganacitencia de acoplamiento.

c
C; = Capacitancia de entrada al amplificador.
' h — ~t ]
C. = Ct + CS + Ci .
Ry = Renimthoncif 46 oavga.
Ri = Resistencia entrada al preamplificador.
R = Ri Re

Ri+ic
. & . . . .
Pero Cc Mayor{ﬁuég;el cufl puede ser despreciado en el circuito eguiva -
lente fig. 7

] . .
1 -
Ce
DEWE, & premmecl R
’ Ct <> 53“’6; \ja
v

£i6. 7
Circuito eauivalente del micrdéfono de condensador y preamplificador.

-

De ecuacidn 1 se observa que el voltage de salida V, €s proporcional a ¢
voltage de polarizacidn Eo pero inversamente proporcional a la capacita..-
cia total C oor lo tanto ésta UYliima debe ser de un valor minimo posiblec,
detazlle que hace necesario un disefio especizl dénde el preamnlificador -
esté construido dentro del mismo micréfono.

sonclunidn.

Lag ventajns del micréfono de condensador es de alta fidelidad y.amnlin

respueste Ver fig. 8 de frecuencia, unicamente se debe tener cuidado co:

la hunedad y utilizar los micréfonos adecuados nara ambientes humedos.

I‘icréfonos Piezo eléctricos. Conocido es el fenbmeno de Piezo electrici -
aed ocue nresenta el Guorzo, consiste en transformar las presiones y ten -
siones mecdnices aue actuan en cargas eléctricas. La sal de Rochela y la

Turmelina poseen también -esta propiedad Ver fig.9
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Un dispositivo dotado con un cristal de cualguiera de estos elementos ,
sera capaz de transformar las presiones que recibe en potenciales elec -
tricos. Tia pieza sustancial serd, por tanto, un cristal Piezo eléctrico,
o este tipo de micréfonos también se les llama de cristal.

Si en la fir. 9 el cristal es de cuarzo y =i sc aplica una fuerza de co. =

presién F. La presibn unitaria serd de Fi*fy lacaitidadideielectficide -

a %b
culombs. que aparecerid en sus caras serd Q=T . K afb = XFq
aXhb
csiendo ¥ la constante Piezo eléctrica del cristal.

Si se aplica una tensibn F, al cristal la cantidad de electricidad ser! -

2
Q=7 K pero los sisnos de las cargas tendrdn signos opuestos,

La fig. I0 muestra un escuems de un nicréfono de cristal.

I'icrofon de cristal oue consiste proteccibdn P membrenc M y crirsal @, o -
presidn sonora incide sobre la membrana y esta comunica el movi :iont> -
cénico al cristal gencrando una sefial eldctrica.

T.os micréfonos de cristal no son de buena calidad y tienen nobre rcu -
te. de freocuencia Wer fig., IX

2o
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Curva de rszosucsta de un micrédfono de crital Roselson.
Fie, it

Atte. Ing. lMigucl HMedina Villanueva.
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DEPARIMENT OF ENVIRONNMENTAL CONTROL

CIY GF CHiCAGO

BACKGROUIND NOISE STUDY IN CHICAGO
by C, Coccavari und H. Schechter

Cutd-or noise levels in large metropolitan areos are o complex mixturc of noise 5ro;r.1:
transportation, factories, mochines, ond people. An effective noise abatf.-mcnf progrom is
difficult to establish without a knowledge of the types of noises, the |cve|~ofr intensity of the
noise, the choracteristics of the noise, the time of chy‘of the occurrence oqr!k losi_l‘,-, .1h$

activity or arsa where the noises are produced. Al of these faclors will govem the emphasi:

and direction of urban noise abotement progroms.

Even with @ knowledge of the many voriables which con subjectively affcet the veactions
to noise, a simple, straightforward incasurement ond analysis technique is not rezdily eveil-
able to the concerned envi?onﬁentolist. Methods of isolating individut:l sources ir;.compo;i:a.
noise levels are difficult, tedious and often not accurate in predicti}\g subjective reacticns

to changes in urban noise levels.

The Chicago Depariment of Environmental Control has begun;;: program to mbluh
"bosclire noise" levels within the City of Chicogo. The technique which hus been adopted '
is one which is cumrently in use in both the United States ond Europe. The procedure provides
9 24 hour noise signature in dB(A) ot each preselected loootivn and also can be expanded to
depict a statistical plot of the noise for every 15 minutes of the 24 hour period, A more de-

tailed discussion of the procedure and presentation of dota will be covered later on in this

poper.

9
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Briefly, it slould besiated that the data fiadings were valuable to the Department of

wironmenta! Contrel for several recsons:

1} The dato clearlypresents the variation in dB(A) levels over a typical 24 hour period,

2) It indicates themuximum noise levels that occur and the time of day they occur.
L]
3) It provides a conparison of background noise levels within the city, e.g.,

'monufocluring, Business, commercial, ond residential districts.
4) 1t relates the types of noise to zoning areas within the city.
5) Most important - they establish “"baseline” reference levels for future comporison
in cvoluation or judgment of noise abatement gools.
6) It prgjides or ewaduction of urban noise :onitoring systems.
7)‘ The bockground muise levels can be utilized for the prediction of building
occupont acceptarcy.

The sasolts of tie siudy liuve confirmicd severul mojur points concerning noise in an

ban setting.

Fiist, the mojor source dfnoise ond the dominating factor in offecting community back-

ound noise levels are transmrtotion noises, e.g., trucks, autos, trains, ropid transit, buses,

reraft, and motorcycles. Chly in isolated instances do other sources dominate the urban

-

ise fevel.

Second, it wos learned fhatt the background noise level in certain areas of the city never
crease to the property line ruite restrictions os set forth by the Chicogo noise ordinonce. An

ample of this is the downtowndistrict. At 3:00 am (which is the quietest period during the

hours) the background noise dhcreosed to &3 dB(A). The noise ordinance requires all
itionory sources on buildings 'wbe limited 1o 62 dB(A) ct the property line in business or
mmercial districts. Obviously, enforcement of the ordinance would be difficult in these

:as due to the mo.king effect af background noise.

73-193
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The sources of background noise in the downtown area varies 13 decibels over the 24
hour period. During the day local troffic such as cars and buses dictates noise levels. How-
ever, ot night the noises reaching the loop are from distance expressway, traffic several

blocks away.

Third, the backgreund noise level in residential districts can decreose to as low as
40 dB{A) ot night. Due to the many mojor expresswoys and arerial streets in Chicago, it
was anticipated that higher nighttime levels would be recorded in residential districts. How-

ever, test data substantiate that quiet residentiol areos are o reality ina lorge metropolitan

city such as Chicago.

A complete noise inventory of the City of Chicago would prove costly and involve many
man-hours. At the present time, it is felt that the random selection of typical community
areas are adequately represented by this study. In the future, as new, simpler, more accurate
measurement sampling techniques are developed, rhey can be utilized to expand a program of
this type. For the present this study does provide the type of information needed to evaluate

and aid in directing the current noise abatement progrom in the City of Chicago.



INSTRUMENTATION AND DATA ANALYSIS

Instirumenitclion selected for any rlneosureme.‘.l program faust have the flexibility of being
opable of exlending over o preset as well us wide range of interest. In the case of the
buscline” smvey, the cquipment chosen hod to be capuble of achieving the fo||owing:,

1) A constant 24 hour operation without breakdown. ' ‘

2) A power supply (120 volt AC) os well as battery operation in fow voltoge ;r remole oreas,

3)  Be light enough to carry into buildings or onto sitcs where the flexibility of the
equipment may be well tested.

4) Be cble to separate transducer from mc;in bo‘dy of equipment through use of inter-
connecting cable. This tends to put less strain on criterion number 3 above.

5) Accurate measurements to within one~half dB with minimum 50 dB dynamic range
so that further anolysis of the dato will achieve an accurate picture of the noise
ievels in eouh wea. ‘ -

6) The mewsurement system should be compatible with other community surveys to

H

provide comparative results, >

A ~ EEEINCIEN

Other factors which enter into selection were cvaﬂobilﬁty and muin!encmc; of the
squipment os well s the cost of such instrumentation,

Ideally o complete eight channel transducer system would hove been'prefemble such
thot octave bond (63 Hz t6 4000 Hz) os well cs weighted scale readouts could be achieved
simultoneously. Due 1o cost as well as physical non-relicbility, the department settled for
o single readout setup with the noise picture presenting on A-weighted characteristic of the

ambient level in each location.

-4-
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As such the availoble equipment included the following:

1) Bruel and Kjner 2204 Sound Level Meter (SLM),

2) One hundred foot cable to interconnect above with 1" B & K Condensor Micro-
phone mounted on a six foot long pole.

3) Power supply for above to be used whefever AC power is readily availoble.
It should be noted that where batiery op;emﬁon is necessary, the batteries
must be changed every six hours. ‘

4) Bruel and Kjaer Graphic Level Recorder,

5} Brueland Kjoer 4420 Sratisticol Distribution Analyzer,

6) For complete portable locations @ power inverted system taken off @ Dodge van

eould be used.

It should be noted that whenever such portable AC generating equipment is used, the

intemal noise output of such opparotus must be below the lowest ambient level recorded during

* the 24 hour period as ‘measured ot the microphone location,

The noise evaluaticns were then designed to incorporate the above equipment in s;.ach a
manner to provide useful end accurote dota over a preselecied scope of the program,

A block diagram of the instrumentation system is shown (Figure 1),

The transducer and pole combination was positioned so that a typical ambient field for
each site would be "seen® by the microphone. This was achieved by use of the six foot pole
to position the microphone as for as possible from reflecting surfaces such as building walls, or

the ground below.
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“Other factors pertinent & choosing the proper microphone position on a site were:
1. Asceraining fle lock of steady noise sources inherent to the building wherein -
the test equipment wos locoted. This was to insure that the microphone “heard®

the ertire neigihorhood sound field and not just a single source.

2, Attaining propar height for the microphone from the ground in order fo be assured
that any ncarby 2ect traffic (either expresswoy or smaller arterial) would have

typical ccoustic access to the transducer.

3. Lo ond, perhgm, most important ettaining a position for the microphone in order

that curiowity smakers would neither be tempied nor persuaded to "get them-

selves toped®,

Upon achieving proper microphone positioning, the transducer "package® is then connected
o the recording system. A preliminary check of ombient level will usuwally reveal what dB .
ange 1o choose on the Siiiso the peak level will not overload the top line on the chart
e:oorder. Once proper dymamic range is achieved, the study should progres's smoothly for the
ollowing 24 hour period exzmpt for the recording of the distributed sound pressure level counts
‘rom the B & K 4420 statisfia! distribution analyzer, ‘

The Deportment of Erm‘nmmem‘ol Control noise section chose the fastest possible sampling
ate witho 16,000 count dution for its 24 hour studies, This assured a sompling of sound
intensity every 18 minutes wih the ability to divide the counts into the 60 dB dynamic range
fn five dB increments (onc ‘5dB increment for each of the 12 counters). Storting times for
zach 18 minute segment were recorded above the 12 counter readout in each columr: of the

data sheets,
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The foregoing data wos analyzed using a Wang 7000 Minicomputer. The 12 counter
readouts for each 18 minute period were fed into this computer and thiough use of scatistically
oriented programs, the meon dB level of cach sampled period waould be:fed to a typewritten
prinfout device. The standard distribution was similorly printed and through wse of the
formula L1g-L90=2.56 x (standard deviotion) the Lig' L5¢ Lo loudness levels were

- . -

achieved,

il must be noted Athot L1p' os well os in one instance L) !evals had to be estimured
due fo the fact that o 10,000 count was chosen for the period seiection; such "guessweork®
was n;i as difficult as one might expect. For fulure anolyses, ¢ moro elaborate computer
s);stem could be used which might use actual counting techniques to achieve auiomotic revdes
of L1, Li0, 150, L90 and L99 levels, The Wang 7000 does not have oj:iequcre “core

spacc* for such a program but minicomputers with 8,000 bit capacity are availobie and future

studies may make use of the larger unit.

»



SITE SELECTION AND DATA PRESENTATION

Since the planned aoise inventory in the City of Chicago was limited by cost and
:rsonnel, the selection of c::ceptable measurement sites was critical. ‘Several basic guide~
nes were set forth to poovide a spectrum of sites which were typical of utban settings; sites
hich would not have a noise problem unique to only a few residents. The purpose of this
riteria wus to obtain noise dato during the test which was unoffected by the single air

onditioner, exhoust for or other mechanical equipment, the level of which would not change

uring a 24 hour period.

Ra:her the sites were selected to be representative of a typical residential, business or
ommercial, or manufcduting district. Sites were selected in proximity to major expressways
nd clic ropresenictive of sommunitics distont from expresswny systenw fo pmvide a Lroad

amparison on the effects of expre ssway noise on urban areas at all hours of the day,
Other practical comiderations limited the site selection because each location required

\C power for the measurezent equipment and in some coses housing for observers working on

he program,  Table Il lisis the sites utilized for the study and the zoning boundary in which -

t wos situated, . 2 -
Twelve sites were used for the study; six in residential districfs; three in business or
ommerciol districts, andthree in manufacturing districts. The sites are tabulated Table 1
o present the actual locatioas in the city, the zone in which it is situated, and the troffic
sonditions on streets closest o the measurement location. Only the highest ond lowest

roffic volumes are presented. The maximum traffic conditions exist between 7 and 9 0.m.

ind between 5and 7 p.m.

73

RESIDENTIAL DISTRICTS

A wide variety of urbar: conditions wos selected in our range of measurements within

residential districts. .

0) The first residentiol district selected was in a trionguler r;sidemiol area with a rail-
road switchyord forming cne side of the triongle. On ine second side was @ rilroad paral-
leled by an elevoted exprcss;voy, and the last side wos three blocks from @ moin orterial
street (Figure 2‘). )

anure 3 presents the meosurcn;ents recorded over the 24 hour peviod. The 1op curve is @
continunus readout of the noise on the graphic level recotder for the 24 hour penod An
obvious chorudenshc of thns type of envaron;nnm is. the narow mngg of the noise over th..
24 hour period (approximateiy & 6b). Toe nuise level \N.-wn, R .....‘.i L 2ler: 50 dB(A)
ot any time during the measurement period. It should be mentioned that the Chiougo noise

ordinence limiis noise from stotionary sources to below 55 dB(A) at the lot line., Enforcement

of the city noise ordinance would be very difficult in this areo, R

b) The second oreo selected was within 125 feet of a residential district on one boundary
and well displaced from moin arterial streets (one-fourth mile from o railrood switchyﬁrd and
monufacturing district (Figure 4) ). The data shown on Figure 5 indicates noise levels opp;oxi
mately 10 decibels below that shown in the previous test, This indicotes the strong influence
t;f expressway noise on urban background noise. Although the predominant noise in this

residential area wos due to traffic noise, it was much more distant ond at lower speeds.
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¢) The next loction was very similar in characteristics to the previous test with one
major exception - @ hesvy trofficked street was within 600 fee! of the single family dwel-
ling (Figure 6). .

The cffects of the roadway are noticeable on the graph (Figure 7). The duto in
this case indicates that 30% of the noise is cbove 53 decibels. Again enforcement of the
noise ordinance wouldlk; difficult.

d) The last residemtial survey we will présent was conducted in an area for remove.d as
possible from main artesial streets in a gity as populated as Chicago (Figure 8). Note on
the figure thof the home i surrounded by residences, an elementary school, and several
parks. This aiea proveBto be the quietest district during the total study. Noise levels dropped
to 40 dzcibels between I p.m. and 4a.m. This indicates thot even in a large metropoiihn

area, quiet can be occanplished (Figure 9).

The final groph presemted represents @ composite curve of the residential community to
indicote the range of badkgmund noises which can be found in highly populated urban commu-
" nities (Figure 10). The sgoead of the field test dato is approximately 10 dB os compiled from
" six locations. Later in the report the dato will be compared to mecsurementd made in other

residential areas.
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BUSINESS AND COMMERCIAL DISTRICTS

The second cotegory of measurements included business and comme:cial districts, Three

of these tests will be presented,

a) The survey would not be complete without noise measurements taken at the comer of
one of Ihe‘busiesf streets in Chicogo - State and Madison (Figure 11). The noise levels for 50%
of the time were obove 63 dB(A) even during the Loop's quietest hour - 3 a.m. (Figure 12).
Poyﬁme levels reached 75 to 77 dB{A) during peak traffic conditions. During the night the bacl
émund noise in the downtown district was dominated by an expressway one-half mile west of the
microphone location. At this location the noise ordinance limits stationary sources to 62 dBiA).
Again enforcement on building mechonical equipment would be difficult.

This set of curves includes an evaluation of the Ly, or the level above which the noise
was exceeded for 1% of the time during the 24 hour period. The additional analysis was comple
to detemine one aspect of the effectiveness of our noise enforcement program. Namely, the cur
ing of hom blowing\ in the downtown district. This Is accomplished by repeating the 24 hr.v.ur
survey @ second time a yeor later.

Data from the second test completed a year later ot State ond Madison Streets is shown fo
comparison in l‘=igure 13. [t indicates a negligible change in the L1g, L50 and 90 curve. Yet
L) curve (Figure 14) reveals approximately a five dB decrease for most of the 24 hour period. Tl

change can be attributed to the noticeable reduction in kom blowing nffer.ders in the downtown

district.
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L) The second commercial or business district selected for the measurment was on the
wtsicits of the covntown district (Figure 15). The major noise sources in this area are strect”
raflic on Wacker Drive ond the elevaled on Wells Street.  The data (Ls5g) varied overa 13 dB
ange during the 24 hour period. ({igure 16). The lowest level reached (2:00 am) was 60 dB(A):
ihe peck level occurred of 8:00 om. The river adjacent to the site provided an open path for

icise to reach the microphone. - L

¢} The last business district to be discuszed was selected because area residents indicated

hat large truck volumes utilized Pulaski Rond (Figure 17). The data corresponds to the previous )

-

wo business studies wiih very little variation, A composite groph is presented to indicote the

ange of roise nicosured in the various business districts (Figure 18).

AANUFACTURIING DISTRICTS

The last test series included noise measurements recorded in monufac turing areas-both of

vhich were siivated within one~half mile of a major expressway.  The individual plots are not

resented since there was very little deviation between the two sets of data. Rather a plot of
he runge of the noise is preserted (Figure 17), Note the slight sprend between the two sets of
kaio as well as the almost [lat response of the noiso over the 24 hour period. The distant express-

¢gys serve as @ uniform line source throughout the measurement session,
\
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CONTLUSION AND SUIZMARY

s

A "baseline” noise study is essential to a community embarking on o noise cbatement
progrom. The study con provide the needed guidelines to set up and direct the program
toward the more serious noise sources, Later os the progrom is developed, the information con
be used to evaluate the effectiveness of the program.

One of the major concerns with an urban noise study is that the data can be relcted
1o other communities of equal or smaller size. Other noise studies were reviewed to
provide comparative data for evoluating the effectiveness, predictabiiity, and reluiivnships

.to other surveys. _A 24 hour study conducted in Medford, Massachusetts* provided useful noise
mea:srements in residential districts and in arecs adjocent to mojor expressways, The range
of background noise in Chicogo has been compored to the "quiet” Massachusetts area ond
compared with the lower range of background noise 1n Lincago residential dismrict (ﬁ-gute 20).
The relotionship berween the two curves is within one or two decibels for most of the 24 hour

day. The variations occur during early morning "rush hour® traffic conditions when the

<

Chicago noise levels are slightly higher. . . ) ] ) .

A comparison of the upper limit of residential background noise levels indicate a greater
deviation between the two studies both reloted to expressway noise. The noise levels in
Chicago ore due to the Chicogo skyway which is heavily trafficked at an elevation above

40 1o 50 feet above the dwellings with no ocoustical shielding. Therefore we would expect a

more serious and noisy situation.

**Community Sound Levels (A Comporison of Meosured and [stimated Data)” by Harvey E.
Safeer, July, 1971,



Although the curremt program as discussed does nct encomposs the total city, it
Jrovided valueble insight into the direction ond needs of the urbon dweller to ochieve a
t environmient, The study has brought out several important aspacts of noise and

reement, \
1. 1t concluively proves that ironsportation noise dominates our daily outdoor life.
2. Maximum badreround noise levels in en urbon creo occur during morning and

evening troffic rush hours,

Minimumn background noise levels occur during the night between 2:00 ¢.m. ond

“)
B

3:00 0.0,
4. Bockground nois= levels in residential districts in o large metropolitan area
carn decrease 13 35-40 dB(A) during nighttime hours.
5. Typical bockgrend level representing the various zoning districts were obtained
which will be weful for future studies. Such data con be effective in dictoting
the type of exterior wall conrtruction necessary to meet occupont occeptancy due to
the background noise.
6. Lasi, it provides e voluoble too! in determining the effectiveness of an enforcement
program.
i We reolize that the stody does not provide oll of the cnswers to the many complex noise
'ations which can exist in on urtbon area. 1t is o beginning. A goal connot be reached without
tart, Chicogo has begun, ond with education ond cooperatio;| of the people we should

dually rcalize decreases in wrbon noise from ol sources.

. . ~14-
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TABLF 1

TRAFFIC AND ZONING CHARACTERISTICS
OF 24 HOUR MEASUREMENT SITES

- IRAECIC —
ADDRESS ZONE PEAK LOW

1. 2100S. Jefferson . M2 —_— —_—
2. 5000 N. Kimberly M1 —_ —
3. 3232S. Emerold R 879 @56pm |10 @2-3om
A, 2624 E. 94th Street R 1954 @ 5-6 pm — l
5. 7410 N, Talman R 184 @2-3pm |1 @2-3am
6. 6500S. Kilpatrick R 81 @56pm |2 ©250m
7. 1340 W. Morse Ave. R 3018 @ 5-6 pm —
8. 6100 N. Sheridon Rd. R 4974 @ 89 om —

9. 5500 N. Sheridan Rd. R 2377 @ 5-6 pm —_—

10. 3950 W. Jockson Bivd. b 2523 @356 pm —

11, 325 N. Wells St. 3 3358 @ 2-3 pm —

12, State & Madizon Sts. B 1365 @8-9am | 146 @ 34 am

o~

(8 & K = Bael & Kjder)

8 & K Type 4420 Stotistical Distributor Analyzer

A.

B & K Type 4145 Condenser Microphone

B & K Typ2 F6-220 3/4 A.C. to D.C, power supply

F.

B & K Type UA 1096 Gooseneck Preamp

B.

%, cable

G. B &K Type AU-0029 100

B & K Type 2204 Sound Level Meter

B & K Type 2305 Grophic Level Recorder -

D.

H. B &K Type 4220 Pistonphcne Calib-otor

©

2

BLOCK DIAGRAM OF MEASUREMENT IN:TIUMENTATION FOPR 24-HOUR NOISE STUDY

Fig.
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350 Convertihle Seund Barrier Far [iuffs ¢
The 360 is the most versatile Sound Barrier yet. it can be worn comfortably \ '
in any position on the head, even under the chin {a feature women will ﬂ:
appreciate to protect their hair styles). The unique configuration of the e’
ear cups of this 360° rotation model enables the new Sound Barrier to be L
worn with hats and caps and welding helmets, 5

-

The ear cups are made of tough thermoplastic. Durable vinyl-covered
sponge cushions on the 360 provide comfort plus good attenuation. The®
360A is standard with fluid filled cushions. Both style cushions are re-
ploceable.

The headband is made of a strong, flexible stainless steel, cushioned with
a soft plastic cover. it is lightweight and fully adjustable. All these
features insure one of the most versatile, efficient and attractive ear muff-

T E R TR PN
R 4T

BRI

goan

type hearing protectors on the market today. o
o v
k e
0 T a
- 4] ty
) T ;
2 10 : 4
« Ty -
2 20 A . U oo !
E h é—i’—’;,
8 30—t 5
z 40 ; 5[l SOUND BARRIER # 360 -
e ' g st 1 S2HU (Fitted with yponge filied cushlons) .
5 5o tf: g1 L .
> N i} H Y
z SOk ] | N __4[ )] M £
£y i 81818118 g Complies with OSHA - .
< o i als [} canst 224 22.1957) b
FREQUENTY IN CYCLES PER SECOND (CPS) 9
360 —Sound Barrier with sponge filled cushions
360A—Sound Barrier with fluid filled cushions o |

Outstanding protection agaihst the
effects of high-level noise at moderate cost

The Model 250 Willson SOUND BARRIER offers excellent hearing protection against high-level noise even when it is ac-
companied by extreme vibration. It is scientifically designed to attenuateythe many high-frequency noises encountered in industry
and by the military. Yet, low-level sounds such as spoken voices and warning signals can be easily heard by the wearer. When
worn properly in high-frequency-noise situations, the 250 gives protection against the serious hearing impairments and deafness
which can result from continued exposure to high-frequency noise. It is insurance not only against such impairments but also
against the absenteeism and reduction of personnel efficiency which are so often the result of hearing deterioration.

R e The 250 attains its attenuation effectiveness through the use of sponge-
TR filled vinyl covered cushions. Considering the effectiveness of the 250, its
o price is moderate. Distinctively modern in appearance with tough, dur-

- able plastic cups, vinyl sponge filled cushions ond an extruded viny! head
;'r; frome cover. The adjustable headframe is made of steel. Optional are
' patented fluid-filled vinyl cushions.

"3
e : c i ] m
i
A 2 T ! ! ” ‘I
oo !
ki s I~ 1TT]
x 3 2 - il
- o 4| i
‘ 3 2 i Jall SOUND BARRIER #250
K 8 30 ] BTN (Frviee mn sponge siled cushransy
Je E 40 4 15__\]5—
" & B ,d 2
- L < 50
2 vl s 2
Ry PR o W 40011 Q-f- ot Q-1 - tH
' f: t ,ﬁ__tn__ § H .§—~—-§-~§ § 4 % g Compltes with OSHA
RS, < L 1 U it 2Ll (anst z24 22 1957)
it~ - FREQUENCY IN CYCLES PER SECOND (CPS)

'y HOW TO ORDER
; 250 —Over-the-Head Type Ear Muff Sound Barrier

B S O S Y

\ o ’Vy-” ; {Sponge-Filled Cushions)
— AE 1 250A—Over-the-Head Type Ear Muff Sound Barrier
, . B . {Fluid-Filled Cushions)

All items on this page are Standard Warebouse Products.
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#150 Sound Barrier

Attractive unit with molded slim line
earcups mounted on plastic cushioned
spring wire headframes. Same, equipped
with Willson Fluid-Filled Ear Cushien,
specify #150-A,

#151 Sound Barrier
With Nape Strap

For exitra convenience, nape strap and
cutaway earcups that fit under safety
hats and caps. Same, with Willson
Flvid-Filled Ear Cushion, specify #151-A,

) 3 il |
Ty g o
d
a 20 RN
S :
Wl
° 1 S SOUND BARRIER #150
3 — lh"\‘ i -t w H  (Fitted with sponge filted cushions)
x 40 113 DB ,1,
E t "E'l a4
3% il
w ool SN T 1 1
ECLBITIRTIB I8 I 8 TRIBITEISN  comates with oswa
i i TR al2ly 2 (ANSI 224.22-1957)
FREQUENCY IN CYCLES PER SECOND (CPS)
R [IH !
e ol il ! !
2 T Hif: !
8% T :
e
T il SOUND BARRIER #151
LRy . ! ;‘ il (Fitted with sponge Filled cushions)
A - 1 2T LI
e F3 0 [ BRI 4 15}‘ _L[
B A L !
3% T REiH
P R AR SN T N BN AR b
EoLoidall §1L’ lLé-._E_g, gﬁd% g Complies with OSHA
D O S S W AR NI TV s B Bl 2 (ANSI 224 22.1957)

FREQUENCY IN CYCLES PER SECOND (CPS)

o SHEHCER® EAR PLUGS

Air cushioned insert ear plugs
fit everyone comfortably.

LA

Its special design makes Willson Sound Silencer
the first insert ear protector soft enough and
sufficiently comfortable to be worn all day with-
out irritation. Attenuation tests prove Sound Si-
lencer to be as effective in reducing damaging
noises as many ear muff types. It features o
unique air cushion and three-flange design
that's unusually effective in sealing ear open-
ings to sounds, despite head and jow move-
ments, Flexible construction permits Sound Si-
lencer to fit everyone without special fittings by
medical personnel. Just two sizes to stock.

ORDERING

Ao S mAOANG mASARRARST feZi i
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#155 Sound Barrier
With Nape Strap

This model, with its triangular-shape
earcups and soft %" nylen crown stap
was deslgned especlaily to provide
greater comfort when worn with safety
hats and caps and “bump” caps. "The
sponge cushions are vinyl covered. An
outstanding mechanical feature of the
#155 mode! is the patented tension ad-
justment knob on each earcup. By permitting adjustment for
variations in head shapes and contours, it increases wear-
ing comfort,

*#155 Sound Barrier with Sponge Filled Cushions.
*#155.A Sound Barrier with Fluid Filled Ear Cushions,
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< 10 14 I I
" H
& 20 § ikt SOUND BARRIER #155
g s ’Jﬂ- L (Fitted with sponge filled cushions)
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& 40|
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z t SOUND SILENCER EPI100
=z 40 rrd J"
= H g7 a
E 50 1 &t
2 i
& 11
EOT8ITR 8 g- g{:g g Fg*gt Complies with OSHA
L ! illlitin b 200 (anst 224 22.1957)

EP100

EP101B

INFORMATION

*EP100 —Flesh Color Sound Silencer ear plugs with carrying case. Specify EP100G for green color.

‘ *EP100S— Small size flesh color Sound Silencer ear plugs with carrying case. Specify EP100SG for green color.

*EP101B-—Sound Silencer Assembly—a pair of black

Sound Silencer ear plugs connected with a chemically bonded

30" nylon cord. The nylon cord can be draped around the worker's neck and the ear plugs are inserted

into the ear canal in the usual manner. In

the course of the worker's movement, should the ear plug

fall from his ear the cord keeps the plug in easy reach. Specify EP101SB for smaill size.

8Standard Warebouse Product
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SUPERIOR DESIGN AND
CONSTRUCTION FEATURES
e Tough, 'Noise-Deflecting Earcups
° Soft, Sound-Absorbent Sponge Earcup Insert
7™ o Flvid-Filled Ear Cushion

» Adjustable Nickel-Plated Beryllium Copper Headframe
* Headframe Pad for Complete Comfort

o Easily Disassembled. Entire ear muff can be taken apart

without tools for cleaning and sanitizing. All parts are
repluceuble
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Sound Barrier® Equipment Designed for
Utmost Comfort

You'll work confidently and communicate freely when wearing Willson
equipment because it assures positive hearing protection under the most
trying conditions. Don't take chances. Safeguard yourself against the dam-
aging effects of noises present throughout business and industry. Ask for
Willson Hearing Protection Equipment, scientifically designed to keep you
. more comfortable as well as fully protected.

WILLSON #258 SOUND BARRIER EAR MUFFS protect against harmful
high-level noises while permitting the wearer to hear fow-level sounds such
as voices and warning signals. This unit is a basic piece of equipment in
the Willson Sound Barrier System. To #258 ear muffs can be added micro-
phones, earphones, and even a complete communication system to protect
hearing while permitting normal communication.

SOUND BARRIER #1258
Standard Warebouse Product
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Complies with OSHA (ANSI 224.22-1957)

In addition to individual ear muffs, Willson units are available for use with head protection equipment.

»

#1283 Sound Barrier With Kwik-Klip® Headgeaor
These specially built earcups
can be attached quickly to any
make of safety cap by means
of Willson's patented Kwik-
Klip headgear. The exclusive
Kwik-Klip has o spring-tension
band that holds entire unit on
the cap by slight pressure,
without needing alterations to
cap.
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#1284 Sound Barrier For Safety Cap

Features notched earcups and
brackets for permanent mount-
ing on any safety cap. #284
combines effective hearing pro- euggee————
tection with comfortable head
protection, Specially designed
spring-jointed clip permits ear-
cups to be moved both vertic-
ally and laterally . . . even
swing out of the way when not
needed. Does not include cap
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OUND-BAN™ HEARING PROTECTOR | e

The Sound-Ban™! is a hearing protector to meet the needs of the

user who requires more than ear plugs but does not need as .
much protection as our Sound Barrier ear muffs. The pads for 1\
the Sound-Ban can be cleaned or replaced, which makes it a @
cleaner, more sanitary hearing protection. -3

#10 Seund-Ban==This model has a metal headbhand which fits LN 9

close to the head and is adjustable. A foam cushion padding makes

the headband non-slip, and adds to the comfort when wom.
#20 Sound-Ban—The headband is not adjustable but can be #10 #20
wom under the chin or behind the head and is constructed of plastic tubing. This unit is lighter in weight.

WiL50H SOUND BARRIER® UNl'I'S WITH COMMUNICATIO:!

600 OHMS !MPEDANCE

Willson Sound Barrier hearing protection equipment con be fur-
nished with receivers and microphones, permitting their use with
o wide variety of communication systems. This equipment can be
used with your present direct wire transmission system or with
radio transceiver equipment. The 600 ohms impedance equipment
. is economically priced, standard on airlines, and in many in-plant
systems.

#259 Sound Banier ##260C-2 Sound Barvier with
with Receivers Receivers and Mouth
Cup Micophone

WILLSON SOUND BARRIER IN- PLANT COMMUNICATIONS EQUIPMENT

(77 65 OHMS IMPEDANCE

Ideal for use between departments in high-noise-level areas, and for communication between test sta-
tions, control rooms or personnel working under severe noise conditions in the same room. Only two
microphone units, a master amplifier, and auxiliary amplifier and connecting cords are required 1o
set up a complete portable or permanent communications system that also sofeguards hearing.

WiLLSGN SOUND BARRIER WITH SOUND POWERED CUMMUP GATIUN

No power line plug-in nor batteries are needed with this Willson Sound Barrier hearing pro-
tection plus communications system. The only power needed is the human voice. Infini-
tesimal A.C. current relays spoken messages clearly for distances up to 30 miles. All you neéd
for o complete two-station system are two Sound Barrier headsets and a 100" #EM-39 Ex-
tension Cord. To add stations, a junction box (#EM-107), headset and cord are needed. The
system is easily set up in plant or ot remote locations. -

y #2710 equipped with Microphone Toggle Switch.

WILLSON PRODUCTS DIVISION L@ Witison

WE STARTLD 1HE ESB INCORPORATED |
PERSONAL SAFEFY i52USTRY

TT——— " P.O. BOX 622, READING, PENNSYLVANIA 19603
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DIRECTORIO DE ASISTENTES AL CURSO DE CONTROL DE LA CONTAMIVACION POR

RUIDO { DEL 16 AL 20 DE JULIO DE 1973 )

NOMBRE Y DIRECCION

. SR, SALVADOR ALCANTARA INIESTA

Navarra No. 36
Col. Alamos
México 13, D. F.
Tel: 5-19-23-00

ING. MARIO BADILLO GONZALEZ

. México, D\ F,

ING. ROLANDO BRACAMONTES RABATTE
Herodoto No. 16 Dep. 2

Col. Anzures

México, D.

Tel: 5-45- 97 19

ING. ARTURO CARRION RODRIGUEZ CABO

. Milton No. 16-6

Col. Anzures
México, D. F.
Tel: 5-14-99-84

ING. RENE CORONA RAMIREZ

" M-67 L-85

Villa de las Flores
Coacalco
Edo. de México

. M.C. VICTORIA DEL CARMEN CU M.

Uxmal No. 187-5
Col. Narvarte

México 13, D. F
Tel: 5-61-72-61

ING. DANIEL GALINDO SANCHEZ

" Av. Cienfuegos No. 986

Col. Lindavista
México 14, D. F.

Tel: 5-86-09-51

EMPRESA Y DIRECCION

PROYECTOS E I NSTALACIONES ELECTRI
CoS

Navarra No. 60

Col. Alamos

México 13, D. .

Tel: 5-38-06- 03

DIRECCION GENERAL DE AEROPUERTOS
S.0.P.

Xola No. 1755:40. Piso

México, D. F.-

Tel: 5-30-99-61

D. D. F. DIRECCION GENERAL DE
SERVICI0OS URBANOS. "
Estacién del Metro

Colegio Militar

México, D. F.

Tel: 5-41-45-18

PETROLEOS MEXI CANGS
Av. Marina Naciona. No
Edificio B- 2

México, D.

Tel: 5-31- 63 83

329-Lo.P.

VIDRIERA MEXICO, -S. A.
Lago Zurich No. 243
Col. Anéhuac

México 17, D. F.

Tel: 5-45-60-80

INST. NAL.
HUMANA .

Av Centenario MNo. 177
Col. Merced Gé..2z, Mixcoac
México, D. F.

Tel: 5-93-36-0z

DE LA COMUNICACION

CtA., DE LUZ Y VUCKZA CcoL CENTRO,
S. A.

Melchor Ocampo No. 17i

Col. Anéhuac

México 17, D. F.

Tel: 5-83-71-33
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DIRECTORIO DE ASISTENTES AL CURSO DE CONTROL DE' LA CONTAMINACION POR..

RUIDO ( DEL 16 AL 20 DE JULIO DE 1973 )

NOMBRE Y DIRECCION

ING. VICTOR M, GARGIA COLOMBON
M. Mérquez Sterling No. 3-10
México 1, D. F.

ING. R. FRANCISCO HERNANDEZ AYALA
Las Choapas No. 204 Depto. 1
México, D. F.

ING. FEDERICO LING ALTAMIRANO
Asperon No. 6312

México, D. F.

Tel: 5-17-78-28

ING. JOAQUIN FELICIANO PAVAN Y A.
Unicornio No 148

Col. Prado Churubusco

México 13, D. F.

Tel: 5-82-11-12

ING. JORGE JAIME PRADO BARRAGAN
Av. Alvaro Obregén No. 115

Col. Roma

México 7, D. F.

Tel: 5-11-55-27

ING. FLORENTINO PRIEGO VILLANUEVA
Lépez 50 No. 304

México 1, D. F

México, D. F.

ING. PERFECTO QUIROZ ESPINOZA
Fco. del Paso y Troncoso
317-A-402

Col. Jardin Balbuena

México, D. F.

SR. MIGUEL ANGEL ROSADO MuNoOzZ
Angel Urraza 928-B-2

Cci. del Valie

México 12, D. F.

Tei : 539 OLI' ]5

EMPRESA Y DIRECCION

PETROLEOS MEXICANOS
Av. Marina Nacional No. 329
México 17, D. F.

Tel: 5-45-74-60 Ext. 2701

PETROLEOS MEXICANOS
Av. Marina Nacional No. 329
México 17, D. Fy ‘
Tel: 5-45=-74- 60 Ext.

\

DIRECCION GENERAL DE AEROPUERTOS
S.0.P.
Xola No 1755 Lo.
México, D.

Tel: 5-19- 67 06

2701
Piso

PHONE, S. A.
Tonala No. 279
México, D. F.

DIRECCION GENERAL DE AEROPUERTOS,
S.0.P.
Xola No. 1755
México, D. F.
Tel: 5-30-30-53

D.D.F. DIRECCION GENERAL DE SERVI-
CI0S URBANOS.
Estacién del Metro
Colegio Militar -
México, D. F.

Tel: 65-41-06-36

PETROLEOS MEXICANOS

Av. Marina Nacional No. 329
México, D. F.

Tel: 5-31-63-73

SUBSECRETARIA DEL MEJORAMIENTO DE‘
AMBIENTE.

Av. Chapuntepbc vo . 284
México, D.

Tel: 5- 11-33 .79
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17.

0 DE CONTROL DE LA CONTAMINACION POR
D‘Ru'&l D'OLHEB'DEL LYGA:A =1 )

L 20 DE JULIO DE 1973

NOMBRE Y DIRECCION

FI1S. ROMAN TEJEDA CASTILLO
Av. Tuguarén No. 99-3
Col. Felipe Angeles

‘México 2, D. F.

Tel: 5-29-56-66

ING. VICTOR J. TREJO R.
Urdiales 210
Col. Leones

Monterreé, N. L.
Tel: L6-81-77

EMPRESA Y DIRECCION

COLEGIO DE CIENCIAS Y HUMANIDADES
Canal de San Juan y Sur 24

Col. Agricola Oriental

México, D. F.

Tel: 5-58-20-59

UNIVERSI1DAD AUTONOMA DE NUEVO LEON
Cd. Universitaria
Monterrey, N. L.
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PSYCHOACOUSTICS

The hearing mechanism, shown in cross section in Figure 20
can be divided into three parts: the external ear, the middle
ear, and the inner ear. The external ear consists of an
external appendage, called the pinna, and the ear canal, which
is closed at the inner end by the eardrums The middle ear
contains three tiny benes er ossicles which transmit vibrations
frem the eardrum te the inner ear., These bones -- the hammer,
anvil, and stirrup -- constitute a lever mechanism that commu-
nicates the vibrations of the drum to the membrane of the oval
window, which is the entrance to the inner ear. Since the oval
window is only about one twentieth as large as the eardrum,
the pressure of the vibrations communicated through the oval
window to the liquid in the inner ear is increased., Thus the
action of the middle ear is that of an efficient mechanical
transformer, coupling vibrations in the air to the liquid in
the internal ear, The inner ear has two distinct functions:
(1) the maintenance of body equilibrium, accomplished by the
vestibular portion of the ear, which is made up principally of
three semicircular canals; and '(2) the perception of sound
which is accomplished by the cochlea and its associated
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FIG, 20 CROSS-SECTIONAL DRAWING OF THE HEARING MECHANISM
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'The cochlea is a liquid-filled spiral canal, -subdivided
along its length into two canals by a bony structure and a
rough membrane, The end of onc of these canals is closed by - .
the oval window, It is through this window that the vibrations
of ossicles is transmitted to the liquid in the cochlea, Secn-
' sitive nerve endings, associated with tiny hair cells in a
third canal, are excited by the vibratien sct up in the coch-
leay liquid, and they send impulses to the brain by way of
the nerve f{bors. It is believed that the rate at which the
total number of these nervous impulscs are communicated to the
brain determines the loudness. This rate dcpends on the number
and activity (pulsing rate) of the nerve endings stimulated.

It incrcases with-the sound pressure of the wave striking the
ear. The pitch of the sound sensation is determined princi-
pally by the location of the nerve endings that are most
excited by the resonant vibration of various sections of the -
basilar membrane; however, at low pitch the frequency of
arrival of the nervous impulses at the brain may be the chief
determinant, Tonal quality is determined largely by the
number, location, and extent of the excited nerve endings and
is complexly related to the wave form and pressure of the
sound wave striking the ear, A more detailed explanation of
the functioning of*the ear follows. '

5.1 Physiology of Hearing

Major interest in this section will be given to the
structure and function of the ear as related to the hearing
process and its impairment due to excessive noise exposure,

The brain mechanisms underlying the hearing process will be
largely ignored since noise-induced hearing loss seems to be
primarily a peripheral as opposed to a central-type of disorder,
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5.1.1 Ear Anatomy and Physiology - Anatomically, the
ear can be divided into three subdivisions called

the external, middle ‘and inner ears (see Fig., 21). The
external and middle ear functions are principly to collect
and transmit sound stimuli to the inner ear wherc the

. sensory receptors for sound sensation are located, The
pinna of the external ear funnels sound inward through
the external ear canal to the tympanic membrane or eardrum,
The incoming sound waves strike thc cardrum and set it
into vibration., Behind the eardrum is the middle ear, an
air-filled cavity containing three small bones or ossicles
referred to as the malleus, incus and stapes. The handle
of the malleus is attached to the eardrum and articulatcs
with the incus, which, in turn, is joined to the stapes,
The footplate of the stapes fits snugly in the oval window
which is one of the two covered openings between the
middle and inner cars, The othcr opening lies just below
the oval window and is called the round window, Function-
ally, the threec ossicles form a chain which carry the
sound-produced vibrations of the eardrum through the
middle ear to the inner car, .

Fig:- 22 Enlarged oo




Also located in the middle ear are the intra-aural
car muscles consisting .of the‘tensor tympani and the )
stanpedius. The tensor tympani is attached to the malleus
and, when contracted, places the cardrum under greater ‘
tension., The stampedius muscle is fastened to the ,stapes
and upon contraction pulls this bone in a donward--and
outward direction therein affecting the-movement of the
stapes footplate in the oval window, ""The contractile
state of these muscles can be produced by the onset of
these muscles can be produced by the onset of intensc
sound and, in effect, reduces the amount of sound cnergy
that is conducted by the ossicular chain to the inner.ear,
This action is considered protective in nature "since it
minimizes the potentiallydamaging effects of high inten-
sity sounds on the hearing receptors in- the inner ear.

Another middle ear feature is the Eustachian tube,
a passageway leading from the middle ear cavity to the’ T
back of the nose and throat., The purpose of the tube is -
to equalize air pressurc on both sides of the eardrum,
Equalization in pressure is necessary to maké the eardrun
more capable of responding to and transmitting the Ssounds '
impinging upon it. . ’ :

s

Just behind the oval and round windows is the inner
ear which consists of three sections known as the vesti-
bule, semicircular canals, and cochlea, Of these, the
cochlea is the most important for hearing. The human
cochlea is essentially a triple canal coiled up spirally
around a bony axis, the modiolus, which is channeled to
form the pathway for the auditory branch of the VIIIth
cranial nerve, The larger turns of the spiral are at the
The three canals comprising the cochlea are formed by two
partitions (see Figure 22), One partition is composed of
a ledge of bonc, the spiral lamina, which winds around the
modiolus like the thread of a screw and the basilar membrane
which extends from the projecting tip of the spiral lamina
to the outer wall of the cochlea. The second partition 1is
formed by Reissner's membrane which stretches from the
upper surface of the spiral lamina to a point on the outer
wall of the, cochlea, a short distance above the attachment
of the basilar membrane., The canal, which lies below the
basilar membrane, is ‘called the tympanic canal (scala
tympani); the canal gnclosed between the basilar membrane
and Reissncr's membpdne is called the cochlear duct (ductus
cochlearis), and the canal lying above Reissner's membrane
is referred to as the vestibular canal (scalavestibuli),
The vestibular and tympanic¢ canals contain perilymph fluid
and communicate with one another through a tiny opening at



the apex of the cochlea. The base of the vestibular
canal is sealed by the oval window into which the foot-
plate of the stapes is lodged. The lower termination

of the tympanic canal is sealed by the membrane-covered
.round window. The cochlear duct contains endolymph fluid
and also the tectorial membrane which is attached at one
end to the spiral lamina with the other end floating
freely in the endolymph just above the basilar membrane,

The basilar membrane is narrowest at the base of
the cochlea (i.e., near the oval window) and becomes pro-
gressively wider as it extends towards the apex. This is
in contradistinction to the dimensions of the total cochlear
structure which becomes smaller as the apex is approached.
Distributed in four rows (one inner row, three outer
rows) along the entire length of the basilar membrane are
hair cells which project upward toward the underside of
the tectorial membrane, These hair cells are the sensory
receptors for hearing which together with supporting
cells constitute the Organ of Corti, the auditory sense
organ. The hair cells are innervated by nerve fibers
which pass through small openings in the spiral lamina
and enter the modiolus of the cochlea where their cell
bodies are grouped to form the spiral ganglion. Axons
from this ganglion collect at the base of the cochlea
and pass out from the bottom of the coil as the auditory
branch of the VIIIth cranial nerve. These axons end upon
nerves in the medulla, which, in turn, pass axons to
different and higher nerve centers in the thalamus and
cerebellum, Axons from these centers finally lead to
the temporal lobe of the cerebral cortex,

Although knowledge is still lacking, cochlear function
underlying the hearing process has become clearer in
recent years, As a physical system the cochlea has been
described as an enclosod collumn of fluid bounded at one
end by the stapes footplate in the round window and at
the other end by the membrane covering the round window,
Since fluid is incompressible, the vibrations transmitted
by the stapes footplate, similar to a plunger action,
cause mass movements of fluids in the cochlear canals,

- In this process every inward movement of the stapes foot-
plate causes the round window to bulge outward, and every
stapes outward movement causes the round window to move
inward., The fluid movements in the cochlear canals cause
structural displacements along the basilar membrane which
take the form of a traveling wave whose crest along the
membrane depending upon the frequency of sound stimulation.
Generally, the locus of the crest or peak displacement for
high frequency sounds is in the basal section of the
basilar membranc, the peaks for lower frequencies becoming
progressively shifted toward the apex of the basilar
membrane,
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As a result of the wavclike motions of the basilar
membrane, a shearing action develops between the basilar
membrane and the tectorial mcmbrane lcading to bending (o
and squeczing of the hair cells found on the upper sur- e
face of the basilar membranc. This hair cell deformation
causcs electrical and/or chemical changes which are
believed to trigger nerve impulses in the nerve fibers
associated with the hair cells. The pattern of neural
impulses arising within the cochlea provides the basis
for-auditory sensation and is transmitted to the cerebral
_cortex for interpretation,

5.1.2 Sensitivity of the Ear - A sound wave must have

' a certain minimum value of pressure in order to

‘be heard by an observer. This value for selected
observers, who have good hearing, who are facing the
source of plane progressive waves and listening with

both ears, is called the minimum audible threshold for

a free field, It is shown in the lower curve of Fig. 23,
Frequency is indicated along the horizontal axis; and :
the pressure level of the plane progressive sound wave
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that is just barely audible is indicated along the
vertical axis., One notes that the sensitivity of

hearing varics enormously for sounds of different fre-
quencies. Fortunately, the ear is most sensitive 1in

the frequency range that is most important for the
intelligibility of speech sounds. Since, in the evolution
of man, speech and music weré developed fater than the
sense of hearing, it appears that speech and music have
developed in such a manner as to be well adapted to the
sensitivity characteristics of the ear,

An observer in the field of a free plane progressive
wave will notice that, as the pressure of the wave is
increased, the resulting sound becomes louder and louder
until it attains a level at which the sound can be felt
(a sort of tingling sensation) as well as heard. This
level is called the threshold of feeling. Above this
threshold, the observer experiences a mixed sensation
of sound, feeling, and pain, Figure 23 shows that,
unlike the minimum audible threshold, the threshold of
fceling varies relatively little with frequency. The
minimum audible threshold curve, if extrapolated at
both ends, will interscct the threshold of feeling curve
at two points which determine the lower and upper
frequency limits of audibility; namely, at about 20
cycles for the lower limit and at about 20,000 cycles
for the upper limit, These are the average values
for young persons with good hearing. The upper fre-
quency limit, along with the sensitivity for the higher
frequencies, generally decreases with increasing age.

The ability of the ear to differentiate small
changes of sound-pressure or frequency is of importance
in the hearing of speech and music., Anything that
interferes with this function of the ear renders the
understandability of speech or music more difficult, |
It is thereforc of interest to inquire about the ear's
capability in this respect. The minimum perceptible
increment of sound-pressure level of a pure tone varies
with both pressure and frequency, but, for levels
greater than about 40 db above the threshold of audi-
bility and for frequencies between 200 and 700 cycles,
the minimum perceptible increment in pressure level
varies from one qu rter to three quarters of a decibel,
The smallest perceptible change in frequency that the
car can detect is diffcrent for different pressure levels
and {requencies, but, for pure tones more than 40 db
above threshold and for frequencies greater than 500
cycles, it is of the order of 0.3 per cent for monaural
listening with an earphone,



S.2 Thresholds of the ECar

One of the simplest mcasurcments that can be made
of our hearing ability is to determine the manner in which
the minimum perceptible intensity level varies with £frequency,
The acoustic intensity that can bo barely detected at any
particular frequency 18 known as the threshold of hearing
or threshoeld of audibility for that frequency. Mcasurcments
have becn made of this threshold by numerous observers.
As is to be expected, the results vary to a considerable
extent from onc individual to another, even when all have
what is commonly considered normal hearing, and the threshold
intensity is also a function of the age of the listener,
' a progessive loss in sensitivity at the higher frequencies
being customary with increasing age. In addition, the exact
shape of the threshold curve varies with the manner in which
the incident sound level is measured, i,e., at the pinna of
the ear or in the free sound field, the observe's head being
absent, It also depends on the dircction of the incidente
of the sound and on whether thé listening is done with both
ears or with only one ear., Figure 24 shows a typical response
for both ears, the level being measured in a free sound field
of random horizontal direction, It is to be noted that a
logarithmic frequency scale has been used and that the
reference intensity level is 10°16 watt/cm2, which corresponds
to an rms reference pressure of 0,0002 dyne/cm?,
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The frequency of maximum scnsitivity is in the
vicinity of 300 cycles/scc for normal ears. To some
extent this is accounted for by resonance in the
auditory canal, but other factors are undoubtedly of
grcater importance. The threshold curve crosses the
0 db level at about 1000 cycles/sec and riscs in a
regular manner with decreasing frequency, the minimum
pewer roguired te preduce an audible sound at 50.cycles/
scc being ncarly a million times as great as it is at
3000 cycles/sec. This fact serves to emphasizc the
problems involved in decveloping loudspeakers designed
to radiate both low-frequency and high-frequency sounds,
Measurements of the threshold curve below about 30 cycles/
sec. are quite unreliable, as the required intensitics
become so great that it is difficult to avoid the
presence of small percentages of harmonies in the source.
Since the pitch-discriminating ability of the car 1is
rclatively poor in this frequency range, the harmonics
may be mistaken for the fundamental. Even when the
source is known to develop a strictly pure sine wave,
nonlinearity in the hearing mechanism itself may give
the illusion of hearing a fundamental that is actually
inaudible,

For high frequencies the threshold curve also
rises, the rate of increase ncar the upper limit
being often so rapid as to constitute a sharp cut-off,
It is in this frequency region that the greatest
variability is observed between different listcners,
particularly if some of them are over thirty years of
age., The cut-off frequency for a young man or woman nay
be as high as 20,000 or even 25,000 cycles/sec, but
people who are forty or fifty years of age can seldom
hear frequencies in excess of 15,000 cycles/sec. and
in some the cut-off is below 10,000 cycles/sec. In
the range below 1000 cycles/sec, the threshold is
essentially independent of the age of the observer,

The sensitivity of the human ear to sounds of low
intensity is quite phenomenal., In the range from about
1000 to 5000 cycles/sec,‘tke minimum perceptible sound
intensity is less than 10 % micro-microwatt/cmZ, about
one-tcnth the diameter of a hydrogen molecule. Calcu-
lations show that in this frequency range the changes
in pressure due to the thermal agitation of the air
molecules are very nearly as great as the minimum
audible acoustic pressurcs, so that any appreciable
increase in the sensitivity of our hearing mechanism
would also result in our obscrving a background of thermal
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noise, a hissing or rushing sound that would interfere
with thc perception of low-intensity acoustic waves.

It is consequently improbable that there are any .
animals whose hecaring is more acutc than ours in this
frequency range, for they too would be susceptible to
the masking produced by thermal noise. On the other
hand, it is well known that many animals, such as dogs,
are readily capable of perceiving sounds of appreciably
higher frequency than can human beings.

As the intensity of the incident acoustic waves 1is
increased, the resulting sound grows louder and even-
tually reaches a level at which it produces a tickling
sensation, or one of pain, rather than a sensation of
"hearing., This level, which is also shown in Fig, 24
is less dependent on frequency than is the threshold
of audibility and has a value of approximately 120 db.
It is called the threshold of feeling or the threshold
of pain. As with the lower threshold, it varies some-
what from individual to individual but not-to so great
an extent, Prolonged stimulation at appreciably higher
intensities causes permanent damage to the hearing
mechanism, |

5.2.1 Loudness - In clementary treatments of acoustics
it 1s often stated that the subjective character-
istic of a sound which is commonly known as its loudness
is determined by its intensity. When properly inter-
preted, this statement is strictly correct, but it 1is
somewhat misleading, for it may appear to imply that
loudness and intensity are synonymous. An inspection
of Figure 24 shows immediately that this is not true.
For. example, a pure tone having an intensity level of
20 db and -a frequency of 1000 cycles/sec is plainly
audible, whereas one having the same intensity but a
frequency of 100 cycles/sec is well below the threshold
of audibility and cannot be heard at all. The loudness
of such a tone is therefore a function not only of its
intensity but also of its frequency. '

Although our hearing mechanism is not well adapted
to making quantitative measurements of the relative
loudness of different sounds, there is fair agreement
between observers as to when two pure tones of different
frequency appcar to be equally loud., It is therefore
possible to plot ccntour curves of equal loudness, such
as those shown in Figure 25. The data for these curves
are obtained by alternately sounding a reference tone
of 1000 cycles/sec. and a second tone of some other
frequency. The intensity 1level of the second tine is
then adjusted to the value that makes the two tones
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appear equally loud. The unit of loudness level is
the phon, the loudness level (in phons) of any sound
being taken as numerically equal to the intensity
level in decibels of a pure 1000-cycle tone that is
judged by the average observer to be equally loud,
For example, a pure tone having a frequency of 100
cycles/sec and an intensity level of about 50 db
sounds as loud as a pure 1000-cycle tone whose inten-
sity level is 20 db, and hence the loudness level of
this 100-cycle tone is by definition 20 phons. 1t
should Lo noted that the refcrence intensity level
uscd in defining the phon is that of Figure 24, i,e,,
zero decibels coEresponds to a 1000-cycle intensity
of 10-10 watt/cm4, :
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5.2,2 Pitch - From a subjcctive point of vicw, a
continuous sound has in gencral three different
characteristics that distinguish it from other con-
tinuous sounds., One of these charactcristics, its
loudness, has been discussed in the previous section,
The second subjective characteristic is its pitch.
Pitch, like loudness, is a complex characteristic and
is not dependent on any single physical quantity, the
pitch of a musical sound being determinecd primarily
by its frequency but being also a function of its
intensity and wave form. For example, if a pure tone
having a sinusoidal wave form and a frequency of about
100 or 200 cycles/sec is first sounded at a moderate
and then at a high loudness level, nearly all observers
‘will agree that the louder sound has a lower pitch, in
spite of the fact that its frequency remains unchanged,
Experiments of this type show that the most pronounced
decrcase in pitch with increasing loudness of such a
tone 1s increased from a level of 10 to one of 100 phons
it may be necessary to increase the frequency by as
much as 10 per cent in order to maintain the pitch at
a constant value., There has been some disagreement as
to the cxact frequency at which this change in pitch
with loudness is most apparent, one set of experiments
having indicated a frequency of about 100 and another
200 cycles/scc, but both groups of observers are in
agreement that it occurs at a low frequency and that it
is most apparent for purc sinusoidal tones. For fre-
quencies between about 1000 and 5000 cycles/sec, i.e.,
over the range for which the car is most sensitive, the
pitch of a pure tone is relatively independent of its
intensity; at still higher frequencies an increase in
loudness produces an increase, rather than a decrease,
in pitch.

It should be emphasized that the appreciable changes
in pitch with loudness that have just been discussed are
characteristic only of pure tones. For ordinary musical
tones, such as those produced by violins, clarinets,
trumpets, etc., the changes in pitch are much smaller,
usually not more than one-fifth as great. This is to be
expected, since Tourier's theorem shows that the complex
acoustic waves produced by these instrumcnts may be
resolved into a fundamental frequency and a series of
harmonics, some of which have amplitudes that are quite
large, and may even exceed that of the fundamental. Con-
sequently, even if the fundamental lies in the frequency
range where a pure tone shows a large decrcase in pitch,
the harmonics will have freauencies for which the pitch
changes very little, or increases with increasing loudness,



so that the ear judges thc cntire series of componcnts
as remaining at essentially the same pitch,

Several different approaches have been employcd
in an attempt to cstablish a relationship between our
subjective sense of pitch and the physical property of
frequency. One method is to present alternately to an
obscrver two pure tones of the same loudness level,
usually 40 or 60 phons, and to require the observer to
adjust the frcquency of one of the tones until its pitch
appecars to be exactly half that of the other. The
experiment is then repcated for a series of frequencies
covering the entire audible range. As is to bg expected,
the agreement between differcnt observers is by no means
exact, but the averagc results show clearly that pitch
and frcquency are not proportional., TFor exanple, the
frequency that is judged to be half as great @&p one of
200 cycles/scc is about 120 cycles/sec, but theé frequcncy
that sounds half{ as high as 5000 cycles/sec is less than
2000 cycles/scc., It should be clearly understood that
in making tests of this type the two frequenciles are
prescnted alternately, and not at the same time, If a
pair of tones that are judged to have a pitch ratio of
two to one are sounded simultaneously the result is in
gencral very discordant, so that if the tones had
originally bcen presentcd together the observer would
have instinctively adjusted the lower frequency to
exactly half that of the upper, i.e., to an octave below,
and would thus have avoided the discord. !

5.3 Hecaring Loss Due to Noise

Deafness may be classified into three basic types,
namely, conductive, perceptive (ncural) and functional. Con-
ductive hearing loss is caused by a disorder in the external
and/or middle ear which prevents the normal amount of sound
energy from reaching the inncr ear. This pathology may vary
from cxccssive wax being formed in the external ear canal to
a bony sclerosis or hardening of tissue around the footplate
of the stapes in the oval window (called otosclerosis). Most
conductive-type impairments are amenable to treatment and can
be corrccted. 'Perceptive deafness refers to disorders in
the inner ecar and/or along the VIIIth cranial nerve., Such
pathology may range from disturbance in the cochlear fluids
to degeneration of the hair cell rcceptors and nerve supply.
These types of loss are not capable of being restored through
surgical or other mcdical mecans,

Functional decafness is applicd to a hearing loss that
has no organic basis, In other words, the individual doecs
not fully utilize his hcaring capacity despite the fact that
there is no actual damage to his hearing mechanism,



llearing loss from noise cxposure can be cither conductive
or ncural in nature. Occasionally, it may cven be a combi-
nation of the two. Noise-induced hearing loss of a conductive Yy
type, termincd acoustic or blast trauma, can rcsult from an -
explosion which may rupturc the eardrum, The inner ear is
infrequently damaged in such instances, but the ossicular
chain may be dislodged, Tho perceptive type of noisc-induced
hearing loss results from prolonged cxposure to excessive
amounts of noise such as may be found in industry. The ecar-
drun or ossicular chain is rarely affected in these cases,
the site of this disorder is in the cochlea, Initial exposure
to excessive industrial-type noise produces a temporary loss
in hearing which is recovered after a short time away from
noise. With repeatcd or prolonged exposure for months or
years, the likclihood of the ear recovering all of its tem=-
porary noise-induced loss is diminished., The residual or
non-recovered part of the loss constitutes a permanent hear-
ing impairment duc to noise,

The mechanism responsible for deafness from noise
exposure remains to be more fully determined. One author
suggests that since the Organ of Corti has no direct blood
supply, its canacity for rapid exchange of cell nutrients
and waste products is quite limited. Thus, even short periods
of acoustic overstimulation can cause cellular deplection
with consequent decreased cell sensitivity, It is this effect
that scems manifest in temporary hearing loss or temporary
threshold shift (TTS). While in this lowered physiological
state, continued acoustic overstimulation will cause still
more cellular depletion to a point where complete recovery
cannot take place. The result is reflected -as a permanent
loss in hearing sensitivity,

liistological studies have shown that the regions of
cellular injury due to ecxcessive noise exposure are localized
on the basilar membrane, the location and width of such
regions depending on the characteristics of the overstimulating
sound, Generally speaking, however, the cellular areas of
the membrane mediating high frequency sensitivity (more basal
in direction) show more vulnerability to noise-induced damage
than do those receptor regions underlying low frequency sensi-
tivity (more apical in direction). There arec several reasons
for this differential finding. Among these are: (1) the
high frequency membrane rcgions give higher amplitudes and
more sharply concentrated patterns ol response to incoming
stimulation; (2) the middle ear reflex shows less attcnuation
(hence, less protection) for high frcquency as compared with
low frecquency sounds; and (3) the resonant frequency of the
external ear canal will give added amplification to high
frequency relative to low frequency sounds,
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Regardless of the site of the basilar membranec, the
process of noise-induced damage is essentially the samc.
Damage occurs first to the outer hair cells and their
supporting structures. The inner hair cells seem generally
to be the last sensory structure damaged., The final irrcver-
sible stage of the proccss is the complete dissolution of
the Organ of Corti, leaving a denuded section of the basilar
membrane., Subsequently, these damaged sections are replaced
by a layer of epithelial cells,

As already mentioned, pcrceptive-type deafness is not
curable. Noise-induced losses of the perceptive-type can
be prevented, however, and all feasible efforts must be
taken to insurec such prevention,

53,1 Audionetry - Hearing losses can lbe measured by a
pure-tonc audiometer which describes thrcshold
intensity levels for hearing different frequency sounds
relative to intensity values reprcsenting the average
hearing of a normal listener population. (MNotec: These
reference settings are not to be confuscd for sound.
pressure level measurements., Actually, the refcrence
values for normal hearing on the audiomcter are
different for different test frequencies,) Dure-tone
air conduction audiometry is most commonly used in
hearing testing although bone conduction and other more
elaborate tests (e.g., noise-masked thresholds or pure-
tonc discrimination) are also used for purposes of
diagnosing a given hcaring disorder. :
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Figures 25 and 26 above show typical audiograns for

cars with conductive and perceptive hearing losscs,
respectively. Note that in the conductive case (Fig. 26)
the lossecs for low frequency sounds are greater than :
those for the higher frequencies. In contrast, the per-
ceptive hearing disorder (Figure 27) shows relatively
greater losses at the hifher frequencies. Figure 28
deseribes the development of permanent noise-induced
hcaring loss as a function of exposure time to excessive
industrial noise, Early in the development, the losses
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are most prominent for frequencies of 3000 to 6000 cps
and show a peak of 4000 cps, With continucd exposure
significant .losses appear at other ncighboring frequencies
as well as increases still further in the 3000-6000 cps
range, Deafness due to aging (presbycusis) also shows
losses in the audiogram at those frequencies severely
affected by noise exposure, This raises the problem of
how much of a given hearing loss at a test frequency is
duc to noise and how much is due to age. learing data
acquired from noise-frec population of listeners, classi-
fied by age, are presently being used to estimate the
extent of hearing loss due to the age factor only. Such
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josses arc deducted {rom audiometric measuremcnt on
noise-exposed individuals, leaving a valuc which is
belicved to more accuratcly reflcct the extent of the
noisc-induced loss. In actuality, however, their pro-
cedure may give invalid recsults since age and suscepti-
bility to noise-induced hearing loss may be subjecct to
unique interactions. | :

Levels Producing Damage to llcaring - An important
Consideration in most industries 1s that the
noise levels in factory spaces be low enough so that no.
damage should occur to the hearing of employeces who are
exposcd to the noise over a long period of time. Ten-
tative criteria have been established for no damage to
hearing based on an analysis of all reliable information
on the subject in the literature,

5.3.2

Table 11 above is a listing of various frequencies and
their rclative intensities showing the maximum permissible
levels for various octaves and octave bands.
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5.3.3 Thresholds of Audibility - A threshold of
audibility for a spccified signal is the ninimun |
effective spund pressure of that signal that is capable .
of evoking an auditory scnsation (in the absence of any
noise) in a specified fraction of the trials., It is
usually expressed in dccibeols ro 0,0002 microbar. The
threshold of audibility varies with a great many factors.
1t is different from person to person, Lven for the
same person, it varies from day to day and hour to hour,
After exposure to even a moderate noisc level, temporary,
though slight, deafness occurs which shifts the threshold
upward., One of the principal factors affecting the
threshold of audibility is age. In Figure 29 we show
the results of studies of progressive loss of aural
sensitivity with increasing age.
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A loss in actuity of hearing is manifested by the required
incrcase in the sound level at which a pure tone 1is just
audible. Furthermorec, it has been shown that this shift



in threshold is a fairly good mcasure of the loss of
ability to understand spcech, By definition, the
hearing loss of an car at a given {requency, expresscd
in decibels, is the difference between the threshold

of dudlblllty for that car and the normal threcshold of
audibility at the same {rcquency. The normal threshold
of audibility is the modal value of the minimum audiblo
threshold of a large sample of the gcneral populatlon
in the United Statcs,

The relationship between the hearing loss and
various inabilities to hear has becen investigated by
the U, S, Public lealth Service. 1In its survcy, nearly
9000 pcrsons were asked to classify their hearing ability
into onec of the five following groups:

(1) Normal hearing; no noticecable difficulty,

(2) Unable to understand speech in a public place such
as a church or theater,

(3) Unable to understand specch from a person spcaking
two or thrce fect away.,

(4) Unable to understand speech from a telcphone.

(5) Total deafness; unablc to understand spcech under
any condition,

The hecaring loss in the speech-frequcncy range of those
in cach of the above groups was measured. The average
results are shown in Figure 30, It will be scen, for
example, that the group reporting an inability to under-
stand speech in a typical church or theater shows an
average hearing loss of about 25 db. -
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It is of interest to know what percentage of a
group of pecople have various degrces of hcaring loss.,
Such data may be obtaincd from the comprchensive sur-
vey conducted on a large sample of the population --
visitors to the 1939-1940 World's Fair in New, York and
San Francisco. A scries of eurves (Figure 31) hes been
constructed £yem thesc data by Steinberg, Montgomery,
and Gardner, The curves give the percentage of the
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Fig. 31, PERCENTAGE OF POPULATION HAVING A HEARING
LOSS AT LEAST AS GREAT AS THAT INDICATED BY THE CONTOUR
LINES. (BASED ON DATA OF J. C. STEINBERG,

H. C. MONTGOMERY, AND M, B, GARDNER,)

population having a hearing loss of at least 20 db for
frequencies below 1000 cycles. In other words, for a
pure tone to be just audible for this five per cent of
the populat-on, it would be necessary to raise the level
of the tone at least 20 db above the level required for

a person with "normal" hearing. The loss in the acuity
of hcaring generally increases with age. This is shown
in Table 12, It gives the percentages of the population,
according to age groups having a hearing loss of at

least 45 db at the several frequencies indicated; these
frcquencies are rcpresentative of the important frequency
range for the proper reception of speech., For example,
sixtecen per cent of the male population between the

ages of 40 and 49 has a loss of 3520 cycles of 45 db or
morc., Note that, in a given age group, the loss at the

higher frequencies is greater for men than it is for
women,
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The loudness of a sound as discusscd before
depcnds not only on the pressure of the sound but
also on its {recquency spectrum. As we have scen,
Joudness can be described quantitatively in terms of
another subjective characteristic of sound, the so-
called loudness lecvel, which itself is defined in
terms of the sound level, which itself is defined in
terms of the sound pressure and frequency of a pure
tone; see Figure 32,
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Notice that at loss frequcncies a given change in
sound level produces a much larger change in apparent
Joudness than does the same change in sound lcvel at
higher {recquencics, Tt should be emphasized that the
curves in Pigroe 32 are contours of ecqual loudncss for
purc tonecs and may not apply to continuous sound
spectra like room noise. This is one of the rcasons
vhy sound-level meters do not measure the loudness
level of such sounds correctly, ‘



Table 12

PERCENTAGE OF THE POPULATION HAVING
A HEARING LOSS OF AT LEAST 45 dB

NP LOSS IN DECIBELS-=-=-=----
L L L LT FREQUENCY=wom=w=- amamm-
880 1760 T 3520
AGE GROUP Cycles Cycles Cycles
10-19 ' |
Men 0.6 0.6 it 1.8
Women 0.6 0.4 0.3
20-29
Men 0.1 0.3 2.7
Women 0.4 0.3 0.7
30-39
Men 0.3 0.6 6.0
Women 1.2 0.8 1.6
£0-49
Men 1.4 2,6 . 16.0
Women 2.1 1.5 ‘v 340
50-59 v
Men 2,6 6.0 27.0
Women . 4,0 3.0 7.0

It should be clearly understood that although
two sounds having the same loudness level in phons
appear to the average observer to be equally loud,
this does not imply that the apparent loudness of a
souna having a level of 60 phons will seem to be twice
as loud as one whose level is 30 phons. The agrccenmncnt
amony different observers as to when one sound is just
twice as loud as a similar one of lower lcvel is not
too satisfactory, but even simple experiments of this
type prove conclusively that apparcnt loudness 1s not
directly proportional to loudness level. More exact
deterwinations made by various indirect methods also
show that loudness ratios are not proportional to the
increment in loudness level, as might be expected from
tne logaritamic nature of the definition of the phon.
For example, increasing the loudness level by 10 phons
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from 10 to 20 phons increases the apparcnt loudness by

a factor of approximately 6, whereas a similar incrcase
from 50 to 60 phons incrcases the loudness by a factor

of only about 2,

In a true loudness scale doubling the number of
loudness units should double the subjective loudness.
Similarly increasing the number of loudness units by a
factor of 10 should increasc the subjective loudness
by the same factor, etc, One indirect method of
cstablishing such a scale depends on the assum?tion
that a sound heard by both ears will appear tq be
cxactly twice as loud as the same sound heard by only
one car. A sound of relatively low level is introduced
through telcphone receivers to both ears of ai observer
and is alternated with the same sound introducgd into
a single ear to such a value that it appears as loud
as the sound entcring both cars, When this has been
accomplished it is assumed that, if these two levels
were listened to alternately by both ears, they would
appear to have a subjcctive loudness ratio of 2 to 1,
The experiment is then repeated at successively higher
and higher initial levels throughout the intensity
rangc of hearing.,

5.4 uffccts of Noise on Other Physiological Respopsces

Aside from damage to the hearing mechanism, n@isc con-
ditions found in industry are not considered to profluce any
other physiological impairments., Recent reports, howecver,
sugcests a tie-up between noisc, hearing loss, and cardio-
vascular disorders although the inter-relationship betwecen
these variables is still unclear. Even moderate levels of
noisc appear Lo cause constriction in peripheral blood cir-
culation, The significance of such changes to health has
not been determined, Individuals working under intense mpose
concitions (ball-bearing manufacturing plants) showed soie
functional disturbances of the cardiovascular system unclu-
ding instability of arterial pressure, slowed hecart beat
(bradycardia), A fatty diet awnears to be associated with
both circulatory disorders and hearing loss., Perhaps hcaring
loss 1s due to a reduction in nutriment to the hearinc sensc
organ resulting [rom noisc-induced constriction in blood flow
or from a cardiovascular disorder of another oripgin.
Obviously, tucre is a necd [or morce rescarch in this area,

It should be mentioned that intense noise of sudden
onsct will causc marked physiological changes including a
rise in blocd pressure, increase in sweating, changes in
breathing, and sharp contractions of iwuscles in the body,



These changes are generally rcgarded as an emergency

rcaction of the body, increcasing the cffectivencss of any
muscular cxertion which may be required. Although pcrhaps
uscful in cmergencies, these changes may be harmful for

long periods since they would interfere with other necessary
activities or produce undue amounts of fatigue. Tortunatcly,
these physiological reactions subside with repeated pre-
sentations of the noise,

It has oftcn been statcd that in order for performance
on a task to rcmain unimpaired man must excrt greater effort
in a noisy environment than necessary under more quiet con-
ditions. DMeasu-es of energy expenditure, e.g., OXYygfen
consumption, pulse rate, muscle potential, do show changes
in the early stages of work under noise conditions which
are indicative of increased effort, With continued exposure,
however, thesc responses return to their normal level,

Intense (or extremely high) lcvels of sound (over 140
dB) arc capable of causing dizziness or loss of equilibrium
since the balancing organs (semi-circular canals) are
stimulated, Such high intensity exposures may also cause
alternations with other types of sensory behavior, and will
definitely cause pain, perhaps even traumatic damage in
unprotected ears. Examples of such extreme noise conditions
are few; possibly in jet engine test cells would these high
levels be reached, .

5.5 Impairments in Performance Efficicncy

Contrary to popular thinking, there is little evidence
to support the notion that noise degrades performance.
Laboratory studies of this problem have shown that tasks
involving simple, repetitive operations are not affected by
noise., Although efficiency in more complex tasks may be
initially decrecased by noise, such effects tend to vanish
as exposure time and/or practice on the task increases.
There have been reports, however, which show noise to cause
significant losses on vigilance-type tasks., Such tasks’
require the subject to Kecep a constant watch over a number
of dials or indicators so as to report changes that may
occur on any dial at any time. Noise-rclated losses in
vigilance performance are important because of their impli-
cations for automatcd jobs which involve the monitoring of
control pancls with many indicators displaying information
about an ongoing machiiic process., This finding also has
practical importance for jobs requiring the inspection of
items passing on a conveyor belt. In such situations a
single item wmust be viewed within a short period of time
before passing on to the next.




Field studies concerned with cfficiency changes asso-
ciated with reductions in noise have yiclded data that arc
suspect, Some investigators have noted incrcasecd output
conscquent to noise control trcatment in sclect work arcas,
This improved performance level was maintained, howcver,
with the restoration of the original noisicr conditions,

The cffeccts on performance in thesc cases arec probably duc

to morale changes., That is, thc workers sce that an interest
is being taken in them or their working conditions and respona
with incrcased cffort, leading to grcatcr output, The fact
that field studies cannot control factors such as norale,
motivation, worker attitudes toward job or supervisor makes
it difficult to obtain valid and rcliable data reflecting

the effeccts of manipulation of the occupational noise con-
ditions upon performance, Tor the same rcasons, it is
difficult to establish cause and ef{fcct reclationships between
industrial noise conditions and accident rate, absenteeisn,
and enployce turnover,

5.6 Noise and Annoyance

Perhaps the most widesprecad reaction to noisc is that
it is annoying. Whether annoyancc typcs of noise conditions
constitute a hazard to health is not known., It has becn
stated that residents of comnunities surrounding airports
develop hypertension, ulcers, unduc anxiety and nervous
disorders as a result of the aircraft flyover noise cxposurc,
These effccts, however, have ncver been verified, In fact,
stu of communitics impacted by aircraft noise show com-
plaints to be motivated by factors that do not bearsdirectly
on the health status of the exposed population, e.g,, inter-
ruption in voice conversation (telephonc use) and TY reception,
personal grievances against the airport managenent., Such
studics, however, hove not included a survey of the health
of the residents in the impacted area and so do not rule
out tlic possibility that physiological or mental type dis-
orders may stem {from such noisc conditions.

In any event, judgments of noisec-annoyance are compli-
cated by many non-acoustical considerations., Somec of these
considerations are cited below with examples to illustrate
each of them,



Factor:

Examplc:

Factor:

Lxannle:

Factor:

Exarmnle:

Factor:

Exanple:

Factor:

-~

Examnle:

As for the

charact

1. Loudness -

eristics of sound which can be considerced
anncying than others.

14

Thce sound has unpleasant associlations,

The annoyance causcd by the intrusion of aircraft
noisc into communitics around airports is based, in
part, upon the residents being fearful of the planes
crashing into their homes.,

The sound is inappropriate to the activity at hand,

Music tolerated during waking hours may be annoying
during the hours of sleep.,

The sound is unnecessary.

Pcople may complain of the noise made by the neighbor's
pets, but not by the delivery trucks in the same
neighborhood,

.

The sound nas an advantage associated-with it,

The comforts derived from air conditioning gqutweighs
the noise of such units, Similarly, the ecppomic
valuc of nearby plants to a community may balance out
the noise produced by the plants; annoyance due to
military aircraft noisec may be offset by thesassurance
against surprise attack by an enemy,

'Individugl tolerance to noise.

Somec individuals complain about all kinds of noise
as well as other types of nuisances.

stimulus itself, there appcar to be some basic
as morc

These characteristics are as follows:

the more intense and consequently louder sounds

are morc annoying.

2, Pitcn
frecquencics

- a rnizn pitch sound,
1S more annoying

i,e., one containing high
than a low pitch sound of

egual loucdncss,
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tency and irregulority - a sound that occurs ran-
time and/or is varying in intensity or frecquency
:dged more annoying than one which is continuous and
nging. )
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4, Localization - a sound which originates from several
sources or locations is lcss preferred than one which
originatcs from a single source.

At the present time, extensive interest is being dirccted
toward identifying which measurc or mcasures of noise best
correlates with annoyance reactions.

For officc conditions, speech-interference-level valucs
and loudncss-level determinations (these values represent the
decibel 1lcvel of a 1000 cps tonc judged cqual in loudness to
the sound or noise in question) correlate well with subjective
ratings of annoyance,

P A ?ew ncasure called perceived noisiness in decibels
(PN‘B) 22) has been found to agree wcll with subjective
ratines of the acceptability of flyover aircraft noises. This
measurc takes into account the octave band intensity levels
of thc noisc in question and adjusts them in terms of data
showing cecqual annoyance judgments for different bands of noise.
Some noise criteria for airport operations are specified in
terns of PNdB., John F, Kennedy Airport (formerly Idlewild),
for exanple, has a noise ceiling of 112 PrRd4B for all aircraft
operations as measured under the flight path of outgoing or
inconing aircraft at one-fourth milc from the end of the runwaj.

Eesides PNdB computations, still other procedures have
been proposcd to convert the physical measurcitents of a noisc
into numerical expressions of annoyance level: Specifically, -
conversions to loudness neasures in sones or nhons as devcloped
by Stevens or by Zwicker's technique are quitc popular for
noise annoyancce quantification. The assumption in wsing
loudness formulations for rating noise-annoyance is that
loudness is the chicf dcterminant in annoyance judgments. Also
A-scalc sound-lcvel values read directly off a2 conventional
sound pressurc-lcvel meter have been frequently used to provide
nunerical cxpressions of noise-annoyance conditions. Inherent
to the A-scalc readings as well as the conversion procedures
noted are wcighing schemes which reflect, in various ways,
established relationship between thce physical dimensions of
sound (primarily freaucncy and intensity) and associated
auditory reactions, both psychological and physiological, (A
discussion of the rclationships underlying the various conver-
sion proccdurcs is found in References.)

t must be cempihesized again that the procedures noted
above can sive only limited prediction of comnunity noise
nuisance becausc they consider only the physical characteristics
of tlie noisc stimulus itsclf. Other factors -- social,
personal, ccononic -- must also be taken into account in
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making such precdictions. Several nodels now exist which
consider the physical characteristics of the noise togcther
with known social and psychological factors in cstimating Sy
the complaint potential of a noisc to a community or neigh- )
borhood, One of these models is described in Section N-5,
The accuracy of the prediction made by this and othor models
has still not been suffieiontly determincd,

SUMMARY

Adverse effects of noisc on man include tenporary and
pernancnt hearing loss, spcech disruption, loss in performance
capacity, and annoyance, Factors believed critical in
cvaliuating a potential noise hazard to hearing arc the noise,
total cxposure duration, time and frequency distribution of
short term cxposure periods, and susceptibility of an
individual's cars to noisc-induced hearing loss, Specifi-
cations for valid damage risk crit for noisc exposure
nust take account of thesc factors. Measurcs for predicting
speech interference of noise arc available and have been used
as a ¢uide for establishing limiting noise conditions in rcoms
hwerec ci{cctive specech cownmunication is necded., Perforiiance
changes andé non-auditory physiological changes duce to noise >
have been reported but will require further substantiation. L
Annoyance rcactions to noise, are based upon both acoustic and
non-acoustic considerations. BModels and measures for pre-
dicting noise-nuisance are available, but require validation,
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INTRODUCTION TO ACOUSTICS

1.1 Introduction

In this discussion of noise and vibration, it is intended
to move quickly into the use of acoustical teérms and te bucome
acquainted with some of the elemoentary acoustical procedures
without necessarily knowing or comprehending all the acoustics
background that goes into_ the development of this material.
Textbooks or reference books in acoustics may be studied for a
more detailed discussion and technical understanding of this
material.

Sound is defined by the United States of America Standards
Institute (USASI) (formerly the American Standards Association)
as an oscillation in pressure, stress, particle displacement,
particle velocity, etc, in a medium with internal forces (e.g.,
elasticity, viscosity) or the superposition of such propagated
oscillations, or as an auditory sensation evoked by the oscil-
lations described above. The term ''sound wave'" could be used
for the first concept, and "sound sensation' for the second
concept. ' ‘

Sound may also-be defined in two ways- objectively and
subjectively. Objectively, sound is a form of wave motion
due to pressure alteration or particle displacement in an
elastic medium, ‘

Subjectively, sound is a sensory experience in the bra.n.-

It is a moot point, for example, whether a sound is pro-
duced when a giant tree crashes to the ground in an uninhabited
forest. This, of course, is just a matter of definition. In
this manual, the word sound will be used to denote a physical
disturbance, an alteration or pulsation of pressure, capable
of being detected by a normal ear. (In accordance with this
definition, the falling tree does generate sound.) In general
such a disturbance reaches the ears by traveling through air,
In any case, a medium possessing inertia and elasticity is
needed to propagate it, Sound waves do not travel through a
vacuum,

The auditory sensation produced by sound waves will be
called sound sensation. The crashing tree produces a sound
sensation only when an ear hears it,

[Sounds are frequently classified into three types: noise,
music, and speech. However, this classification is not always
clear-cut. It is sometimes questionable, for example, whether
a sound should be classified as music or noise. In general,



noisc may be defined as unwanted sound. Thus, if one is listen-
ing to a concert in an auditorium, a conversation in the next
row may be regarded as noise. On the other hand, if one is,
trying to converse on the telephone while "Junior's Dixieland
Four' is holding forth in the living room, this music, as far:
as the person on the telephone is concerned, very dofinitely
falls under the classification of noise.

Sound may also be classified as ordered or disordered. 1In
an ordered sound the instantaneous pressure follows a regular
pattern, Furthermore, a frequency analysis of such sound will
show a definite overtone structure; that is, the sound can
generally be resolved into a fundamental frequency and a series
of overtones, the latter having frecquencies that often are in-
.tegral multiples of the fundamental frequency. Overtones
possessing this simple relationship of frequencies are called
harmonics. On the other hand, the peaks of acoustic power in
disordered sound (for example, the background noise in a large
auditorium) occur more or less at random. In such sound, -
practically all audible frequencies, from the lowest to the
highest, are present. The periodic qualities of ordered sound
are lacking.] ‘

1.2 Basic Definitions

Frequency - The number of complete to-an-fro vibrations

that the source, and hence the particles in the mediunm,
makes in 1 sccond is called the frequency of vibration. A
string that undergoes 256 complete oscillations in 1 second
('middle C") produces a vibration of the same frequency in
the surrounding air and in the eardrum of an observer in the
sound field, This assumes that the source and the observer
are at rest with respect to the medium- the usual assumption
in room acoustics, Frequency is a physical phenomenon; it
can be measured by instruments, and it is closely related to,
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but not the same as pitch -- a psychological phenomcnon. Fre-
quency is usually designated by a number followed by cycles
per second (abbreviated cps)*, Figure 1 shows the piano key-
board and the relative ranges in frequency of male and female
voice types. X .
Loudness and Pitch - Two of the various characteristics
that distinguish one sound from another are loudness and
pitch. Loudness is a measurg of the quantity of sound that
reaches the listener's ear. .Pitch is a measure of the quality
of a pure tone. Some sounds‘are pure tones and others a com-
‘bination of several tones, but many sounds are neither. In-
stead, they can be described’'as "broad band" sounds. Even
without distinctive tones the sounds may have a characteristic
quality that identifies the source to the average listener.

We will be discussing pitch and loudness in greater detail
later on in this section on Acoustics,

Propagation of Sound - Sound has its origin in vibrating

bodies. A plucked violin string or a struck tuning fork
can actually be seen to vibrate. In the sounding board of a
piano and the paper cone of a loudspeaker, as in most other
sound sources, the amplitude‘'of vibration is too small to be
observed visually but often the vibration can be felt with
‘the finger tips. :

Consider the tuning fork in Fig. 2 vibrating in air. As
it moves in an outward direction it pushes a "layer" of air
along with it; this layer of 'air is compressed, and its density
and temperature are correspondingly increased. Since the
pressure in this layer is higher than that in the undisturbed
surrounding atmosphere, the particles (that is, the molecules)
in it tend to move in the outward direction and transmit their
motion to the next layer, and this layer then transmits its
motion to the next, and so on, As the vibrating body moves in-
ward, the layer of air adjacent to it is rarefied. This layer
of rarefaction follows the layer of compression in the outward
direction, and at the same speed; the succession of outwardly
traveling layers of compression and rarefaction is called wave
motion. The speed of propagation is determined by the compres-
sibility and density of the medium =-- the less the compressi-
bility of the medium and the less its density, the faster will
the wave motion be propagated.

(*) Frequency, Hz and CPS (With the recent trend in U.S. and
international standards to recognize the early men in science,
many ncw names for old units tare being adopted. The traditional
unit for frequency in the U.S. has been *cycles per second",
abbreviated ''cps', The new international unit for frequency,
recently adopted by U.S. standards groups, is "Hertz", abbreviated
"Hz", Throughout the remainder of this manual the new unit

"Hz'" will be used; it has the; same meaning as '"cycles per second".



\ s ' v a,: :'.'. T
i
‘hll,“\

7 b o ) ) R

:wm y ] f 
, sl G Y
'- Fiéti\'Tun;n;?Eork

\\l. o Ty - ‘.:-—-

- .- - e ———

In acoustics, the term "level" is used whenever a decibel
quantity is expressed relative to a reference value, as in
"sound pressure level" (referred to the reference value of
0.0002 microbar) anq."sound power level" (referred to the re-
ference power of 107 "watts).

Sound Pressure Level - The sound pressure level, in decibels,
of a sound 1s 20 times the logarithm to the base 10 of the
ratio of the pressure of the sound to the reference sound pres-
sure. Unless otherwise specified, the effective (rms) pressure
is to be understood. The reference sound pressure is 20 pN/n?.

Sound Level (Noise Level) - For air-borne sound, sound level

(noise ITevel) is a weighted sound pressure level, obtained
by the use of metering characteristics and the A-weighting as
specified in the referenced standards. When the A-weighting is
employed, it must be indicated.

1.3 Sound Pressure Level

The ear is sensitive to sound pressure. Sound waves repre-
sent tiny oscillations of -pressure just above and just below
atmospheric pressure. These pressure oscillations impinge on
the ear and we hear the sound. . ‘

A "sound level meter" is also sensit@ve to sognd pressure.
When a sound level meter is properly calibrated, it relates
the sound pressure of an incident sound wave to the standard




reference pressure (0.0002 microbar) and it gives a reading
in decibels relative to that reference pressure. "0 dB" on
this scale means O dB above the reference pressure, which,

~of course, is the same as the reference pressure. This

reference pressure, or O dB sound pressure level, represents
approximately the weakest sound that can be heard by the
average young human ear in the frequency region of highest
sensitivity,

A simple but expressive definition of '"noise" is that
it is "unwanted sound'; so '"noise level" is often used
synonymously with '"sound pressure level." Both terms have
the same reference pressure and are used interchangeably in
this manual., The reference to 0.0002 microbar may be and
frequently is omitted when it is clearly understood that the
dB quantity is a sound pressure level., Hence one might say

~that "the noise level in the City is about 75 dB."

1.4 Analogy Between Light and Sound ~

Sound pressure and sound power can be illustrated simply
with an analogy between light and sound. Suppose first that

a room is illuminated with a bare I5-watt electric lamp. Even
in a room with white painted walls and ceiling, this normally
would be considered as a weak light source. If the room had
only dark, unreflecting surfaces, the general room illumina-
tion would be very poor. Now a bare 150-watt lamp would give
good general illumination if the walls are white, or light-
colored, or highly reflecting (and depending, of course, on
the size of the room and the distance to the lamp), However,
the same 150-watt lamp might not give adequate room illumi-
nation if the walls and ceiling were black, or dark-colored

or non-reflective, Thus, it is reasonably obvious that the
intensity of the general room illumination depends not only
on the power rating of the lamp, but also on the light-re-
flecting (or absorbing) properties of the room surfaces, on

"the size of the room, and on the distance to the light source.

Further, if the lamp had a lamp-shade or if it were recessed
in a flush-mounted ceiling receptacle, the light would be brighter
in some directions than in others.

All the same factors apply to sound in a room! "Sound
pressure level'" is somewhat analogous to room illumination;
"sound power level'" is somewhat analogous to the power rating
of the lamp. A "weak" sound source would produce low sound
levels while a '"stronger" sound source would produce higher
sound levels. A constant sound source that would produce one
sound level in a hard-walled bare room would produce a different
sound level in the same room surfaced with-a large amount of
soft, fluffy acoustic absorption material. ’



The sound source would produce a higher sound level a few
inches away than it would several feet away. It might radiate
higher sound levels from onc side than from another side. It
would produce different sound levels in a large room than it
would in a small room. Thus, the sound level in the room de-
pends not only on the sound source (actually its "sound power'),
but also on the sound absorption properties of the room surfaces,
on the size of the room, the distance to the sound source, and
' also the directional characteristics of the sound source. 1In
effect, the sound gressurc levels heard by a person in the
room are determined Doth by the sound power radiated by the
source and by the "acoustic characteristics'" of the room.

All of this is merely leading up to the fact that (1) there

is need for a way of rating a sound source that is independent
of the environmental surroundings, and (2) there is need for

a way of describing the '"acoustic characteristics' of the

room that is independent of the sound source. Then, with these
two independently determined bits of information, any known,
definable room or space and the sound field or "sound pressure
level"™ ("SPL") about the room can be determined, remembering
that it is the sound pressure level to which people respond

in their living and working environments. Just as the 150-
watt lamp may produce relatively poor to good illumination in
a given room, so also will a sound source produce relativecly
low or high sound pressure levels in a given room, Further,
just as electric lamps are rated by a power rating, so also
sound sources are rated by a power rating.

1.5 Decibels

Just as '"inches" are used to mecasure distance and ''degrees'
are used to measurec temperaturc, 'decibels" are used to measure
sound intensity., As in electrical engincering, decibels are
used to express in logarithmic terms the ratio of two powers;
i.e., if there are two electrical or acoustical powers Pj and

Py, the ratio of those powers expressed in decibeis would be

10 log P,/P;

If the power P; were some accepted Standard reference pover,
such as a watt or somec other basic unit of power, the decibels
could be standardized to that reference value,

In acoustics, thec decibel (abbreviated "dB'") is used to compare
both sound power and soupnd pressure. When describing the_sound

] 3 ) g 1
powcr of a sound source, the basic rcference power is 10- watt.

When describing the sound pressure in a sound field, the basic
reference pressurce is 0,0002 microbar, and a particular area
might be stated as having a "sound pressure level'" of, say, 90
dB r¢ 0.0002 microbar.
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Fig. 3  LOGARITHMIC VARIATIONS

The figure above displays tﬁe logarifhmic aspect of the
decibel scale. Further discussions of decibel nomenclature
appear in Part "C" of this section

Sound Power - Sound power waves travel away from the vibrat-
ing object 1n all directions in the form of spherical waves.,
These waves will continue to travel until they are absorbed by
the air, or reflected by some object, The acoustic power pass-

ing through a unit surface area decreases as the distance from
the source increases.

1.6 Sound Power Level

The quantity "sound power level"™ (PWL) expr%sses, in
decibels relative to the reference power of 10-1 watt, the
total amount of sound power radiated by a sound source, regard-
less of the space into which the source is placed. As suggested
above, if the power level of a sound source is known and if the
"acoustic characteristics' of ‘a space are known, it will then be
possible to estimate or calculate the sound pressure level in
that space., Ultimately it is the SPL that usually must be
determined because it is on that basis that people judge an

« 7 -



acoustic environment.

A microbar is equal to one dyne per sq. cm.or 0.1 newton per
sq. meter and is very nearly equal to one millionth of a standard
atmosphere. It is likely that in a few years the .refergnce
pressurc 0.0002 microbar will come to be known as 2x10-° newton
per sq.meter. If this comes, it will be in the interest of in-
ternational standardization of terminology and units,

1,7 '"Overall" Frequency Range and Octave Bands of Frequency

In order to represent properly the total noise of a noise
source, it is usually desirable or necessary to break the total
noise down into its various frequency components; that is, how
much of the noise is low frequency, how much high frequency and
.how much is in the middle frequency range. This is essential
for any comprehensive study of a noise problem for two reasons:
(1) people react differently to low frequency and high frequency
noise (for the same sound pressure level, high frequency noise
is much more disturbing and is more capable of producing hearing
loss than is the case for low frequency noise); and (2) the
engineering solutions to reduce or control noise are different
for low frequency and high frequency noise (low frequency noise
is more difficult to control, in general).

It is conventional practice in acoustics to determine the
frequency distribution of a noise by passing that noise successively
through several different filters that separate the noise into 8
or 9 "octaves" on a frequency scale., Just as with an 'octave"
on a piano keyboard, an "octave" in sound analysis represents .
the frequency interval between a given frequency (such as 250
Hz) and twice that frequency (500 Hz in this illustration).

le——Octave I ___3le  Octave 2 s Octave 3___ 4
T
1.5
1L

b

T
U
1

125 ' 250
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Fig. #4
PIANO KEYBOARD SHOWING #3 OCTAVE RANGE

1000



In conducting noise studies it is often necessary to
determine the distribution of sound pressure with frequency
because hearing loss, annoyance, speech interference, sound
absorption, etc., all vary with frequency. This can be done
by mcasuring the sound pressure ii f£regueney bands of various
widths. Those most commonly used are the octave, half-octave,
and third-octave bands. An octave band is a frequency interval
in which the upper frequency is twice the lower frequency, such
as 150 to 300 cycles per second or 1200 to 2400 cycles per
second., ‘

The frequency bands in use in the U.S., before adoption
of the bands listed above are as follows: 20-75, 75-150,
150-300, 300-600, 600-1200, 1200-2400, 2400-4800 and 4800-10,000
Hz. Most of the literature in acoustics before about 1963
will refer to these "old" frequency bands. The '"new'" inter-
national standard frequencies (sometimes called "preferred
frequencies'" in current literature) are used in this manual.
Essentially the "o0ld" and '"new" frequency bands may be con-
sidered as being equivalent, with a few exceptions that will
not be significant to the material in this manual. A set
of filters used to separate a complex sound into octave bands
is commonly referred to as an "octave band analyzer."

When a sound pressure level or a sound power level includes
all the audio range of frequency, the resulting value is called
the '"overall" level. When the level refers to the sound in just
one specific octave frequency band, it is called an "octave

band level" and the frequency band is either stated or clearly
implied. :

For some special situations, a noise spectrum may be
studied in finer detail than is possible with octave frequency
bands, In such cases one-third octave bands might be used or
even narrower filter bands might be used, for example to sepa-
rate one particular frequency from another one if it is desired
to separate the causes of a particular complex noise. The
bandwidth and the identifying frequency of the band should al-
ways be specified. -

The normal frequency range of hearing for most people ex-
tends from a low frequency of about 20 Hz up.'to a high frequency
of 10,000 to 15,000 Hz, or even higher for some people., By
virtue of U.S. adoption of a recent international frequency
standard in acoustics, most octave-band noise analyzing filters
now cover the audio range of about 22 Hz to about 11,200 Hz
in nine octave frequency bands. These filters are identified
by their geometric mean frequencies; hence 1000 Hz is the label
given to the octave frequency band of 700-1400 Hz. The nine
octave bands of the "new'" international standard are as follows
(the numbers are frequently rounded off): .



Octave Geometric

Frequency Mean Frequency -
Range : "of Band : '
‘(Hz) (liz)
22-44 , 31-1/4
44-88 62-1/2
88-175 125
» 175-350 250
350-700 , 500
700-1400 - 1000
1400-2800 2000
2800-5600 4000
5600-11,200 8000

The term "overall" designates the full frequency coverage
of all the octave bands, hence 22-11,200 Hz, or in some cases,
44-11,200 Hz when the 31 Hz band is omitted.

1.8 VWeighting Networks: A-, B- and C- Scales

Sound level meters are usually equipped with '"weighting
circuits" that tend to represent the frequency characteristics
of the average human ear for various sound intensities. llence,
"overall" readings are somctimes taken with "A-scale'" or "B-
scale' or "C-scale" scttings on the meter. The "A-scale' sct-
ting of a sound level mcter filters out as much as 20 to 40 dD
of the sound below 100 llz, while the '"B-scale'" setting filters
out as much as 5 to 20 dB of the sound below 100 liz. The "C-
scale" setting is reasonably "flat" with frequency, i.e. it
retains essentially all the sound signal over the full "overall"
" frequency range. A plot of the frequency responsc of the
electrical systcem of a sound level mecter meeting USASI (U.S.A.
Standards Institute, formerly Amecrican Standards Association)
standards for the A-, B- and C- scale weighting nectworks 1is
shown in Figure 5. For several ycars the A- scale and B- scale
readings were held in disfavor because they do not provide any
knowledge of the frequency distribution of the noise, but therc
is a revival in the use of A- scalc readings as a single-number
‘indicator of the relative loudness of a sound as heard by the
human car. It is very important, when recading A-, B- or C- scale
sound levels, to positivecly identify the scale setting used.
The resulting values are called "sound levels" and are frecquently
identificd as dB(A), or dB(B) or dB(C) recadings. Note that these
readings do not represcnt truc 'sound pressure levels'" because
some of the actual signal has been removed by the weighting
filters.
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For most acoustic applications the octave frequency band
readings are the most useful, It is always possible to construct
A-, B- or C- scale readings from all the octave band readings,
but it is never possible to exactly construct the octave band
readings from the weighting scale readings.



2.0 Waves

If a stone is dropped into a quiet pool of water, a dis-
turbance is created where the rock enters the liquid. However,:
the disturbance is not confined to that place alone but spreads
out so that it eventually reaches all parts of the pool. (Fig.06)

Fig 6. ROCK IN POND

When the stone enters the water, if sets into motion the
particles of water with which it comes in contact, Thesec
particles set into motion neighboring particles. They in turn
produce similar motion in others and so on until the disturbance
reaches particles at the edge of the pool. In all this distur-
bance no particle moves far from its initial position., Only
the disturbance moves through the water. This behavior is
characteristic of all wave motions. The particles move over
short paths about their initial positions and as a result a
wave moves through the medium, A wave is a disturbance that
nmoves through a medium., The medium as a wholec docs not pro-
gress in the direction of the wave.

As another example of this compression and rarefaction
cffect, Fig. 7 shows a piston at one end of a long tube filled
with a compressible fluid. The vertical lines represent certain
layers of molecules which are equally spaced when the medium,
such as a fluid, is at rest, In our discussion we shall ignorec
the random thermal motion of the molecules for the timec being



at least. If we push the piston forward, the layers of fluid

in front of it are compressed. Thesc layers will in turn com-
press layers farther along the tube, and a compressional pulse
travels down the tube., If we then quickly withdraw the piston,
the layers of fluid in front of it expand and a pulse of rare-
faction travels down the tube from layer to layer. These pulses
are similar to transverse pulses traveling along a string,
except that the particles of the medium are displaced along

the direction of propagation (longitudinal) instead of at right
angles to this direction (transveérse). If the piston oscillates
back and forth, a continuous train of compressions and rare-
factions will travel along the tube (Fig. 7).

I

o

ST

- —=E T TR

- - - . . - — St -

L

Fig. 7. SOUND WAVES- BEING GENERATED IN A TUBE BY AN
OSCILLATING PISTON SHOWING COMPRESSIONS AND RAREFACTIONS

2.1 Air and Sound Pressure
2.11 Weather Systems
a. All forms of energy tend to flow from regions
of higher concentrations to lower concentrations.
Thus, high pressure weather systems follow low

pressure systems in an attempt to balance the
forces of nature.
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b, The barometric pressure is the scale by which
the meterologist can detcrmine the reclative
changes of high and low air systems over a
period of time,

2.2 Audible, Ultrasonic, and Infrasonic Waves

Sound waves can be propagated in solids, liquids, and
gases. The material particles transmitting such a wave oscil-
late in the direction-of propagation of the wave itself,
Actually, there is a large range of frequencies within which
longitudinal mechanical waves can be generated. Sound waves
arc confined to the frequency range which can stimulate the
human ear and brain to the sensation of hearing. This fre-
quency range spreads from about 20 Hz. to about 20,000 liz.
and is called the audible range. A longitudinal meghanlcal
wave whose frequency is below the audible range is %alled an
infrasonic wave, and one whose frequency is above the audible
range 1is called an ultrasonic wave,

Infrasonic waves of interest are usually generated by
large sources, earthquake waves being an example. The high
frecquencies associated with ultrasonic waves may be produced
by elastic vibrations of a quartz crystal induced by resonance
with an applied alternating electric field (piczoelectric
effect), It is possible to produce ultrasonic frequencies as
high as 6 x 10° cycles/sec in this way; the corresponding wave-
length in air is about 5 x 10-5 cp.

Audible waves originate in vibrating strings (for example,
violin, human vocal cords), vibrating air columns (for example,
organ, clarinet), and vibrating plates and membranes (for-
example, drum, loudspcaker, xylophone). These vibrating elements
altcrnately compress the surrounding air on a forwayd movement
and rarefy the air on a backward movement. (Fig. 8i The air
transmits these disturbances outward from the sourcé as a wave.
Upon entering the ear, these waves produce the sensation of
sound. Waveforms which are approximatcly periodic or consist
of a small number of approximately periodic components give rise
to a pleasant sensation, as for examplc musical sounds. Sound
wvhose waveform is very irregular is hcard as noise. Noise can
be represented as a superposition of periodic waves,. but the
number of components is very large.

The gencration of sound is probably most easily described
by using a vibrating object as thc source. While the vibrating
object is moving in one direction, there is a buildup of pres-
sure as the air molccules are pushed together, which continues

. TR TR YER
AN ,\ \\\\ i ‘- H\{ ‘\‘ H ‘
Wik wey ) ‘J )
AL Wil Ll IIJ

; i ol s
vl \\‘\l

i

il

J,' i

f.l:'m;l Jh}::’///fiff;if

4 Fig..8 Tuning Fork

Lut .. ‘ - J»d -



until the objecct reverses direction. This region of higher
pressure is a pressure wave which moves out in all directions
from the object. As the object moves in the opposite direction,
the air molecules move further apart and a region of reduced
pressure is created. This region of reduced pressure is forced
out from the vibrating object by the next pressure wave. As
the vibration continues, waves of increased and decreased pres-
sures are set up. One complete vibration of the object cor-
responds to one complete cycle of pressure change. The number
of object vibrations or pressure cycles per unit time defines
the frequency of the sound wave.

The speed of a sound wave in air does not vary appreciably
with frequency in the audible range., Furthermore, the speed
does not change with intensity except for very intense waves,
For a powerful source of sound such as an air-raid siren, the
speed of the sound within a few inches from the source increases
slightly with increasing intensity. AN

The speed with which sound waves travel is a function of
the elasticity of the air is equal to a constant times the
static pressure of the air, i.e., atmospheric pressure. The
constant is equal to the ratio of the specific heat of air at
constant pressure to the specific heat at constant volume,
wvhich at the temperatures normally encountered would be equal
to 1.4, Thus, the speed of sound (c) can be computed from the
equation ..

1,4 Po

P

where P, o atmospheric pressure
o

= the density of the air

Since a sound wave involves compression and expansion of
some material, sound can be transmitted only through a material
nedium having mass and elasticity. No sound can be transmitted
through a vacuum. This fact can be demonstrated experimentally
by mounting an electric bell under a bell jar and pumping the
air out while the bell is ringing. (Fig. 9)

As the air is removed, the sound becomes fainter and fainter
until it finally ceases, but it again becomes audible if the alr
is allowed to reenter the jar. PR



Sound waves will travel through any elastic material. We
arc all familiar with sounds transmitted through the windows,
walls, and floors of a building. Submarines are dctected by
the underwater sound waves produced by their propellers. The
sound of an approaching train may be heard by waves carricd
through the rails as well as by thosc transmitted through the
air. In all materials the alternatc compressions and rarcfactions
are transmitted in thc same manner as they are in air.

!

13 K
R N

. .
To air pump

Fig. 9. BELL JAR

Airborne sound refers to rapid pressure variations; that
is, alternate increases and decreases in normal atmospheric
pressure produced by a vibrating object or turbulence within
the air.

Sound travels much faster in liquids and solids than it
does in air. Thus the speed in water is about 5000 feet per
second; in hard wood it is about 13,000 fcet per second along
the fibers and only 1000 feet per sccond across them: and in
stonec it is about 12,000 feet per sccond.

Some typical values for the specd of sound are given in
Table I below:

TABLE 1
Speed of Sound
Medium Tempecrature Speed
OC e

1 ”M+‘1 Meters/sec { Ft/secc
Carbon Dioxide 0 Zdﬁgv 258.0 ( 846
Air 0 L37ﬂ( 331.3 1,087
iydrogen 0 2, 1,280 4,220
Oxygen 0 317.2 1,041
Wai-r 15 1,450 4,760
Leud 20 1,230 4,030
Aluminum 20 5,100 16,700
Copper 20 3,560 11,700
Iron 20 5,130 16,800

Lxtreme valuces

Granite 6,000 19,700
Vulcanized rubber 0 54 177

- Al S



2.2.1

Absorption of Sound in Air - It is well known that

every type of wave motion, including sound, loses
part of its energy as it is propagated through a ponderable

medium such as air,

The attenuation of sound is duc to

viscosity, heat conduction, radiation, scattering, and

molecular absorption. The attenuation of sound
pressures ordinarily associated with speech and
pends principally on the frequency of the sound
relative humidity, wind factor temperature, and

waves having
music de-
wave,

other

environmental variables., i

The wind and temperature variations in the atmos-
phere may greatly modify the distribution of enérgy about
a sound source by bending the sound rays from their usual,
rectilinear paths., These c¢ffects on the propagation of
sound in the atmosphere, as well as the absorptive properties
of the air itself and the influence of sound-absorptive
surfaces in the sound field, are discussed in the follow-
ing paragraphs of this section,
2.2,2 Effect of Wind Upon the Propagation of Sound -
Tt was shown in lable I that the speed of sound
in still air, at a given temperature, is constant, and
equal to about 1130 feet per second.
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- If the air is in motion, or if the temperature changes,
the sound speed will be altered. The speed of sound in the
direction of the wind is equal to the speed of the wind. plus
the spced of sound in still air.

Suppose that the wind is blowing past a source of
sound as shown in Fig, 10, The", since the speed of the
wind 'is generally slowest at the surface .of the earth and
increasés at higher ‘clevations above the.surface, the )
normal to the wave front of the sound that.travels with,
the wind is bent more and more toward the .earth) whereas-
the normal to the wave front of the sound that travcls
against the wind is bent more and more away from the earth.
Consecquently, the upper portions of the sound waves that
travel with the wind are deflected downward and they con-
tribute to the flow of sound energy near the earth's sur-
face, thus intensifying the sound near the earth and =~
facilitating the propagation of sound to great distances
in the 'direction of the wind. On the other hand, the
upper portions of waves that travel against the wind are
relatively retarded so that these waves are deflccted up
wvard from the.level plane, thus making impossible the*
propagation of sound to grcat distances in the dircction
against the wind, The wind has a marked effect upon ‘the
distribution of sound; the pressurc of the sound wave iw
the direction of the wind, at a given distance over a lcvel
planc, amounts to several times the pressure at the same
distance but in the direction against the windy

i

Temperaturce does have a sighificant cffgct on the
speed, increasing it about 1.1 feet per second per degree
Fahrenhcit rise in temperature. The dependence of the
specd of sound on tcmpecrature is one of the prime causes
of the bending of sound rays in the atmosphere.

The spced of the uppper portion of sound waves may
be incrcased or decreased with respect to the lower portion
as a result of temperature differcnces in the atmosphere.
Suppose that the temperature of the air decreases with the
altitude above the earth's surface, as it most comnmonly
does. Then the upper portions of sound waves originating
at a sound source will be retarded in relation to the lower
portions, and conscquently the wave front will be bent up-
ward, as shown in Fig, 11.
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Fig. 12, EFFECT OF TEMPERATURE GRADIENT ON
PROPAGATION OF SOUND WAVES - INCREASING
TEMPERATURE WITH INCREASING ALTITUDES

On the other hand, suppose that the air temperature
increases with the altitude, as it frequently does over
land surfaces just after sunset or whenever meteorological
conditions give rise to an "inverted temperature gradient.,"
Then the upper waves travel faster than the lower ones do,
and consequently the wave front will be bent downward, as
shown in Fig. 12. Under certain conditions of increasing
temperature with altitude, an appreciable portion of the
sound originating at a point source will be totally reflected
by the upper and warmer layers of air. When these circum-
stances prevail there will be repeated reflections between
the earth and the upper layers of air. Therefore, the pres-
sure of the sound waves decreascs only as the inverse :
squarce root of the distance instead of as the inverse of
the distance, the usual decrease for a spherical wave in
free space. These conditions often are approximated in the
air over a frozen lake when it is possible on a quiet day

—



to hear and understand ordinary conversation at a distance
of a half milc or even more.

Closcly associated with the absorption and scatter-
ing of sound in the atmosphere is the phcnomenon of
“fluctuations.'" The slow but sometimes large fluctuations
in the loudness of the sound coming from a distant airplane
is a familiar observation. A study of the micrometeorolog-
ical properties of the atmospherc reveals grcat turbulence,
especially near the surface of ground which has been heated
by the sun. Temperature changes of 5°F or more, occurring
several times a second, are not uncommon; the wind is ever-
changing; convection currents kecep the air in a state of
agitation., The motion in the air of smoke particles or
of small bits of paper revecals the turbulent nature of the
atmosphere., Sounds of long wavelength arc not greatly in-
fluenced by the micrometeorological properties of the atmos-
phere, but sounds of short waveclength are subject to violent
fluctuations, ' ' -

2,2,3 ELffects of Clouds and Fops on the Propagation of

Sound - When a sound wave strikes a cloud or a fog
bank, most of the sound energy usually is refracted (with
a very small change of direction) into the cloud or fog,
and only a small portion of the sound energy is reflected.
If, however, the sound wave strikes the cloud or fog bank
at nearly grazing incidence, the sound wave may be totally
rcflected, in which case the direction of propagation of
the sound wave may be appreciably altered.




5.0 THE DECIBEL

Selecting a practical scale for noise measurement involves
two problems. The first is caused by the tremendous range of
sound power or pressures that is encountered, i.e.,, from 0.0002
microbar at the threshold of hearing under ideal conditions to
10,000 to 200,000 microbars for noises associated with jet or
rocket propulsion systems. The second problem arises from the
nonlinear manncr in which the ear responds. The ear tends to
respond logarithmically to the intensity of an acoustical stim-
ulus. : , .

‘

Both of these problems can be solved by the use of the
decibel (dB), a unit commonly used to express power or voltage
levels., By definition, the decibel is a dimensionless unit
used to express the logarithm of the ratio of a measured quantity
to a reference quantity. In this way the dB is commonly used
to describe levels of acoustic power, intensity, and pressure.

Most sound-measuring instruments are designed to respond
to sound pressure changes and are calibrated to read in terms
of the logaritm of the ratio of the root-mean-square (rms) sound
pressure. The instruments provide a measurement of sound pres-
sure level in dB; the level cmphasizes the fact that this is a
measurement in relation to a given reference pressure. In air
a reference pressure of 0,0002 microbar has been selected as a
;tandard reference point. Sound pressure level (SPL) is defined

ye : ‘ ;

p
SPL = 20 loglo Po .dB . r

where P = measured rms sound pressure

Po= reference pressure

In Table 2 some typical sound pressures and sound pressure
levels are shown.

Tuth ol Sy pne o Sl poe



TABLE 2

Sound pressure

Sound pressure level (dB re '
(microbars) . 0.0002 microbar). : Example . - ' .
0.0002 -~ ’ 0 ' Threslold of hearing ..
0.000063 ’ - 10 o ‘ e
0,002 " 20 ) o '
0.0063 "~ S 30 ‘
0.02° : 40 o a )
0.063 50 Residence
0.2 o 60 Conventional speech ..
0.63 o a 70 o ) : . R o
1.0 74 ’ : ' -
2,0 80 o
6.3 - .90 ~ Subway ) L
20 ‘ 100 Looms .in textile mill
63 -~ - 110 Woodworking )
200 , 120 Hydraulic Press

2000 ' . 140 - Jet plane ..

-

) . EATA
Table 3 is similar to Table 2. It would be well to note..
that any doubling of sound pressurc corresponds to an increase -
of 6 dB, in the sound pressurc level. A change of sound pres- |
sure by a factor of 10 corrcsponds to a change in sound pressure
of 20 dB. A discussion of the method of working with decibels
follows the Table.

3.1 Addition of Decibels
Since decibels are logarithmic values it is not proper to.
add them by normal algebraic addition. For examplec, 63 dB plus

63 dB does not ecqual 126 dB but only 66 dB,

A very simple, but adequate schedule for adding decibels is
as follows:

When two decibel Add the following amount
values differ by: to the higher value:

v or 1 dB 3 dB

2 or 3 dD | 2-dB

4 - 8 dB 1 dB

9 dB or more 0 dB




TABLE 3

————

‘ SOUND PRESSURE AND DECIBEL VALUES FOR SOME TYPICAL SOUNDS

Sound Pressure Overall Sound Pressure Level Example
(microbars) (dB re 0,0002 microbar)
0.0002 0 Threshold of hgaring
0.00063 10
0.002 20 Studio for sound pictures
0.0063 30 Soft whisper (5 feet)
0.02 40 Quiet office
i Audiometric testing booth
0.063 50 Average residence
Large office
0.2 60 Conversational speech
(3 feet)
0.063 70 Freight train (100 feet)
1.0 74 Average automobile (30 feet)
2.0 80 Very noisy restaurant
) Average factory
6.3 . - 90 Subway
Printing press plant
20 100 Looms in textile mill
Electric furnace area
63 110 Woodworking
Casting Shakeout area
200 120 Hydraulic press
50 hp siren (190 feet)
2000 140 Jet plane
200,000 180 Rocket Launchlng pad

NOTE In the above table the doubling of any sound pressure
corresponds to an increase of 6 dB in the sound pressure
level. A change of sound pressure by a factor of 10

corresponds to a

change in sound pressure level of 20 dB,

When several decibel values are to be added, perform the

(Schiedule shown on Page 22) operation

tine; thc order does not matter.

only 2 single value remains.

Oon any two numbcrs at a
Continuc¢ the process until
A tablec repeating thesc rules is

iacluacea 1n the section on noise sources.
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As an illustration, add the following five noisc levels:

= 62 dB

56

>= 58
53 . . S
59

>= 60
53

= 60 ‘
47 _ “
Or, suppose the same numbers arc arranged in a different
order, as in

‘ﬂ_,._.—————*:ii:>;= 57
53

—
> 61

0
9

4
= 54
5
' = 62 dB
5
5
Somctimes, using different orders or adding may yield sums
that might differe by 1 dB, but this is not too significant a
difference in acoustics., In general, the above simplified sum-
mation procedure will yield accurate sums to the necarest 1 dB.

This degrec of accuracy is considered acceptable for the material
given in these notes,

3.2 The Addition of Noisec Levels

The addition of "random noises." This type of noise contains
-sounds of all frcquencies and random phases and has a frequency
distribution similar to the curve of Fig.13,
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It is similar in nature to the background noise in build-
ings or on busy streets. Suppose that Lj is the average sound-

pressure level of one such source of noise, that L, jig the

average level of a second source, and that L, jg greater than
Ll Let their difference be denoted by D. Then the total noise

level in decibels is equal to L2 + N, where N is a nupber
determined from the chart in Fig.13, which corresponds to the
diffcrence D. Thus, suppose that Ly = 40 db and Ly =¢50 db,
Here, D = 10 db. From Fig. 14, the corresponding valte of N
is about 0.4, Therefore, the total noise level is 50 + 0.4,
Likewise, if Ly = 30 db and L2' = 35 db, N is 1.2, or the total
noise level is 36.2 db. For the special case where two noise
sources are equal in level, D equals zero, and the total noise
level is 3 db higher than the level of either source. As a
practical example, suppose that the average background sound
level in a legitimate theater due to audience noise is 35 db.

o o 1 2 3 4 5 6 7 8 9 Iy
'%3W¢TNPMUFP%%ﬂﬁAw¥W4m‘ Vwmuﬂmﬂﬂdmm o j

N o 3 2.5 2 1.5 1987 6 5 4

Fig. 14. CHART FOR COMPUTING THE SOUND LEVEL RESULTING

FROM THE ADDITION OF TWO COMBINING NOISES., IF "D" IS THEIR

DIFFERENCE IN DECIBELLS, *N" IS ADDED TO THE HIGHER LEVEL TO
OBTAIN THE TOTAL LEVEL.,
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Assume that the noisc transmitted through the walls of the build-

ing from outside has a 1level of 25 db. Then the total level in-

side the theater rcsulting from both sources would be about 35.4 .

db, and thc transmitted noise would probably not be detected by ' ‘
the average person, In general, the addition of noise which

raises the total background lovel by less than 1 db will not be
objectionable unless the weaker noise is quite different in

character from the louder one. -

The noise level is higl in the equipment room of a ventilat-
ing system. This fact may not be important if the-equipment is
in an out-of-the-way location such as the basement. Howcver,
where the cequipment noise is likely to be a source of annoyance
to occupants adjacent to the equipment room, the mgtors and fans
should be sclected with regard to their quletness, ‘acoustical
treatment of the equipment room may be desirable, and the wall
partitions should provide adequate attenuation of noise. In
the past few ycars air-conditioning units for single roonms,
small enough to fit into a window, have become popular. Such
a unit may not be a source of annoyance in the room itself, but:
it may be a source of considerable disturbance to neighbors
having windows near-by. Before purchasing such an air-condition-
ing unit, onc should listen to it or check its specifications
with regard to the noise it generates outside as well as 1n51de
the room it air-conditions, o

L




4,0 NOISE AND COMMUNICATION

Noise is defincd by the USASI as any undesircd sound.
This may be a pure tone, a combination of pure tones, or a
broad band of sound that is undesired at a particular location
at a particular time,

Noise is any undesired sound. At times one type of sound
may be pleasing; at other times it may be annoying or harmful.
A stereo set playing a record on the first floor of a house
may have a pleasant psychological effect on some persons. For
someone trying to sleep in an upstairs bedroom, it may be psy-
chologically disturbing. Loudness of a sound is a psychological
judgement, which the listener makes of a sound above his thres-
hold for hearing. '

Not all sounds are noise; many convey information, which
is useful or essential to life. The sound of a machine, for
example, conveys information to the operator. It lets him
know whether it is running normally. But, to an adjacent oper-
ator tending another machine, the sound coming from his co-
worker's machine would be considered noise.

Much of the sound we hear is noise to us, but it may con-
vey useful information to someone else. A physicist would
measure the properties and define the character of noise with
the same equipment used to measure other sounds. A psychologist
would consider noise as unwanted sound as contrasted witn nmusic
and speech.

In the development of the mechanization of industry, machines
of greater power and higher speed, often with correspondingly
augmented noise output, replace smaller ones. Undoubtedly,
the growth of mechanization has been accompanied by an increase
in noise. Although commendable efforts are being made to reduce
the noise of machines and appliances, there has been no marked
reversal in the upward trend in city and industrial noise. On
the other hand, the public is becoming increasingly conscious
of the 111 effects of noise.

The harmful effects of noise are well known. Even quite
feeble noises interfere with the hearing of speech and music;
moderately loud noises produce ‘auditory fatigue; and very loud
noises, if long endured, induce permanent losses of hearing.

“ Althougih the influence of noise on the working efficiency and
general health of human beings is generally recognized as harm-
ful, those who have scientifically investigated these effects
are not in complete agrececment about their nature and extent.



There is evidence {from one carefully conducted investigation
that both the working efficiency and the total output of
weavers increascd when they wore ear plugs which reduccd the
noise level from 96 to 81 db. The dctrimental effccts of the
noise were observed to be greatest at the beginning and near
the end of work periods, possibly indicating that persons go
through a process of adaptation to noise, endure it without
noticeablo effects for a time, but finally suffer from its in-
cessant attack. The bulk ,of other evidence indicates that the
" reduction, of noise and reverberation results in increases in
output of labor and in human well-being that more than off-set
the cost of the acoustical treatment. Although it is difficult
to measure fatigue, most observers agrce that excessive noise
exacts a heavy toll in frayed nerves and physical exhaustion.

No onc has determined the price we pay in loss of slcep
resulting from avoidable noises. Several years ago, one of
the authors kept a record of the number of times he was awakened
cach night. Approximatecly threc fourths of all awakenings
could be attributed to noise. Among the most frequent "offenses"
wvere the honking of automobile horns, barking of dogs, the
screaming of ambulance sirens, the late arrival of some members
of the family, and the chirping of birds. The wearing of ear
plugs, which attenuated these noises about 30 dB, reduced the
total number of awakenings to less than one halt,

4,1 Noise Type Definitions and Classifications
4.1,1 Discrcte Tone - A discrcte tone is a sound wave

whose 1instantancous sound pressure varies essen-
tially as a simple sinusoidal function of the time.

4,1,2 Period of Observation - The period of obscrvation

is the time interval during which acoustical data
are obtained., The period of obscrvation is determincd by
the characteristics of the noise being measurcd and should
also be at lcast 10 times as long as the response time of
the instrumentation. The greater the variance in indicated
sound level, the longer must be the observation time for
a given expected accuracy of the measurement.

4,1.3 Gencral - The spectrum of a noise is influenced by
a number of factors, such as the characteristics

of the source(s), environmental conditions, etc. The

spcctrum may contain components at one or more discrcte

frecquencies whosc amplitudes are substantially higher than

thosc of components at adjacent frequencies.




Distinctions between the different types of noise are not
sharply defined. IHowever, the human ear may servec as a
useful guide. To the typical Observer, a change in noise
level of less than one decibel is not likely to be detect-
able while.a 6 decibel change will be considecred signifi-

cant.

If the average noise level is relatively constant

but the spectral distribution of the sound changes during
the period of observation (as determined by listening),
the noise should be classified as non-steady.

4.1.4

Steady Noise - A noise whose level remains esscn-
tially constant (i.e., fluctuations are negligibly

small durjing the period of observation. There are two
variations of steady noise; those with and those without
audible discrete tones. Discrete tones may be audible in
the presence of wide-band continuous noise. The human
ear may serve to distinguish between these two types of
steady noise.

4.'1.5

4,1,4,1 Stecady Noise Without Audible Discrctie Tones

This type of noise 1s frequently referrea
to as "broad-band" noise; prominent discrete com-
ponents and narrow-bands of noise are absent. The
plot of pressure spectrum level versus frequency is
without pronounced discontinuities.

4,1.4,2 Steady Noise With Audible Discrete Tones
This type of nolse has components occurring
at one or more discrete frequencies with significantly
greater amplitudes than those of the adjacent spec-
trum, Several clusters of these types of components
or 'narrow bands'" of noise may be observed. The
plotted spectrum obtained with a narrow-band
analyzer has very sharp peaks (predominent single-
frequency components) or steep gradients (narrow-
bands of noise). The distinguishing feature of a
“"narrow-band" of noise is that its energy is con-
centrated in a relatively narrow portion of the

- spectrun,

Non-Steady Noise - The level of a non-steady noise
shlfts significantly during the period of observation.

This type of noise may or may not contain audible discrete

tones,

The classification of non-steady noises depends

upon the period of observation which must be defined for
cach measurement. There are three.major types of non-steady

noise:



Fluctuating, Intermittcent, and Impulsive., The
distinction between thcsc three types ol noise is that the
level of intermittent noise equals the ambient environ-
mental lcvel at lcast twice during the period of observa-
tion while that of fluctuating or impulsive noise does not,

4.1,5,1 Fluctuating Noise ~ A noilse whose sound

pressure lcvel varies over a range greater
than 6 decibels with the '"slow'" meter characteristic
(see Instrumentation) and does not equal the ambient
environmental level more than once during the period
of oberservation. Alternatively, the noise may
fluctuate between two or more steady levels when
measured with the '"fast'" meter characteristic of a
sound level meter. Fluctuations may occur because
of beats between two or more audible discrete tones
having nearly the same frequency.

4,1.5,2 Intcrmittent Noise - A noise whose sound

pressurc level equals the ambient environ-
mental level two or more times durirg the period of
observation, The period of time during which the
level of the noise remains at an essentially constant
value different from that of the ambient is of the
order of one second or more,

4,1.5.3 Impulsive Noise (Bursts) - Impulsive noise

is characterized Dy brief excursions of
sound pressurc {(acoustic impulses) which signifi-
cantly exceed the ambient environmental sound pres-
sure, )

. Sub-Categorics of Impulsive Noise - Impul-
sive noise 1s readily identified when only a single
burst occurs during the period of observation or the
time interval between acoustic impulses is long.

The human ear is less valuable as a guide when a dis-
tinction is to be made between quasi-steady noise
with a high burst repetition rate and steady noisec.
The distinction in this case should be made in terms
of specified values of the parameters that character-
ize the impulsive noise. It is sometimes difficult
to distinguish between isolated burst and quasi-
steady noise.

To be classified as impulsive noisc, an
individual burst must have a duration of less than
0.25 second measured between the instants at which



the instantaneous sound pressures have a value equal
to one-half the peak value. If the noise is repeti-
tive, the repetition rate of the bursts must be less
than 5 per second and the arithmetic average of the
peak pressure levels of 10 consecutive bursts in the
train must be more than 15 decibels above the un-
weighted (rms) sound pressure level in the presence
of the impulses, :

4,1.5,3.1 = (a) Isolated Bursts - One or more bursts
: which occur during the period of
observation. The envelope of the burst waveform
may be that of a decaying transient or it may be of
essentially constant amplitude, for example, a tone
burst. The burst spacing (time interval between
bursts) is such that each burst is individually
distinguishable with 'a sound level meter.

. 4.1,5,3.2 - (b) Quasi-stecady Noise . A train of two
or more bursts may occur during the

period of observation., Individual bursts in the
train may have equal or unequal amplitudes and the
burst spacing (time interval between bursts) may be
uniform or non-uniform. As the burst repetition
rate increases, the resolution of individual bursts
by a sound level meter becomes difficult and the
noise can be classified as quasi-steady.

Examples Examples of noises falling into the above cate-
£xamp_.es . .
gories are given in Table 4

[



TABLE 4

EXAMPLES OF SOURCES OF DIFFERENT TYPES OF NOISE

Without Audible
Discrete Tones

STEADY

Distant city

Waterfall

Fluctuating

Heavy traffic
(nearby)

Pounding surf

With Audible
Discrete Tones

Truck exhaust

Transformer

Jet engine

NON-STEADY

Intermittent

Aircraft fly-over

Automobile passing by

Train passing by
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ImEulsive

‘Isolated Bursts

Pile driver

Dog barking
Pistol shots
Door slamming

Electric circuit
breaker ’

Quasi-Steady Noisc

Riveting
Pnecumatic hammer

Machine gun




4.2 Noise Criteria

The degree of disturbance or annoyance of an intruding
unwanted noise depends essentially on three things: (1) the
amount and nature of the intruding noise, (2) the amount of
background noise already present before the intruding noise
occurred and (3) the nature of the working or living activity
of the people occupying the area in which the noise is heard.
People trying to sleep in their quiet suburban homes would
not tolerate very much intruding noise; while office workers
in a busy mid-city office could have greater amounts of noise
without even noticying it; and factory workers in a continuously
no;sy manufacturing space might not even hear a noisy nearby
equlpnent 1nsta11at10n.

TN S A

It is common practice in acoustical engineering to rate
various environments by "noise criteria" and to describe these
criteria by fairly specific noise level values., Detailed dis-
cussions of noise criteria can be found in other literature,
and only a brief useful summary of that material is introduced
here. In the interest of brevity, many important details and
qualifications are omitted. Thus, in a complex problem,
additional reading or acoustical assistance may be necessary.

4<52:1 -Noise-Criterion—Curves - From earlier studies of

many types of noise environments that people have
found either "acceptable"” or "unacceptable" for various
indoor working or living activities, a family of '"Noise j’ }
Criterion Curves'" ("NC" curves) has been evolved. Table- 57
represents these curves. Each curve represents a reason-
ably acceptable balance of low frequency to high frequéncy’
noises for particular situations. These curves are also
keyed-in to the ''speech communication' conditions permitted
by the noise. Thus, the lower NC curves prescribe noise
levels that are quiet enough for resting and sleeping or
for excellent listening conditions, while the upper NC
curves describe rather noisy work areas where even speech
communication becomes difficult and restricted. The curves
within this total range may be used to set desired noise
level goals for almost all typical indoor functional areas
where some acoustic need must be served. For convenience
in using NC curves, octave band sound pressure levels are
usually given 1n conjunction with them. +. !

pr7e

hos
In TablerS a number of typicaljpindoor living,
working and l1sten1ng spaces are grouped together into
"categorles" and each category is assigned a representative
range of noise criterion values. Low Category Numbers
indicate areas in which relatively low noise levels are
desired; higher Category Numbers indicate areas in which

- T o



relatively higher noise levels are permissible. Any
occupicd or habitable area not specifically named in

Table § can be added under any appropriate Category Number
as .long.as the acoustic requirements of the new area are

.reasonably similar to thosec of the areas -already named-
under that category. A-5~10-dB-range of-NC-values-is "

- §xven in~Table- § for each of the.first five categeries-

(// -5 In general, the lower: limit of. each range should be uscd
for,the more critical spaces or the more .sensitive or
critical occupants- of an area, while the upper limit - of
each range may be used for the less critical spaces or
occupants of an area, An exception to this .generalization

. may occur when it.is clearly known that the .background.
noise of an area-is so quiet,and the walls betwecn ad301n-
ing rooms have such low "transmission loss' that speech
sounds or other clearly identifiable sounds may intrude
from one office to another and be disturbing to occupants
of either area., In this type of situation, "masking noise"
may have to be introduced into the rooms in order to .re-

" duce’ some of the 1nte111g1b111ty of the .intruding sounds,
and the higher range of noise criterion wvalues may actually
be useful, as long as the mechanical equipment noise itself
is relatlvely unobtrusive and not too identifiable..- When
properly controlled as to spectrum shape and sound level,
ventilation system noise (the gentle "h15$1ng" of d1ffusers,
under-window induction units, dampers or air valves) some-
‘times provides some of this "masking noise". In morc
critical cases, where spectrum and level must be held under
close control, electronic noise sources may be used.,

—>.<

A

/‘A special note of concern is given for the Category
1 and 2 areas as they appear in Table 5 on the next page.
For a very quiet community area or for a quiet bu11d1ng
with no internal ventilation system noise, the NC-20 hoise
criterion should be applied for indoor conditions. For a
noisy city environment outdoors or for a building with a
ventilation system known to fall in the NC-30 noise range,
an NC-30 noise criterion can be applied to rooms other than
bedrooms or.auditoriums. For bedrooms or auditoriums or
for situations that do not clearly fall at the NC-20: lower
limit or NC-30 upper limit, NC-25 indoor noise criterion
levels should be applied. ‘ C

For music or performing arts centers or concert
halls, there is increasing evidence that a complete absence
of noise is required in order to provide a full apprec1at10n
of the very low level sounds sometimes coming from the
stage area. Thus, an NC-15 to NC-20 criterion should be
applied as the goal for high quality concert halls,
Acoustical assistancc may be required to achieve these goals.
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TABLE 5

CATEGORY CLASSIFICATION AND SUGGESTED NOISE CRITERION RANGE
FOR INTRUDING MECHANICAL EQUIPMENT NOISE AS HEARD IN VARIOUS

" INDOOR FUNCTIONAL ACTIVITY AREAS

CATEGORY" AREA (AND ACOUSTIC REQUIREMENTS) . NOISE CRITERION

1 Bedrooms, sleeping quarters, NC-20
hospitals, residences, apartments, to
hotels, motels, etc. (for sleeping, NC-30
resting, relaxing).

2 Auditoriums, theaters, large meeting NC-20
rooms, large confercnce rooms, to
churches, chapels, etc. (for very - NC-30
good listening conditiens).

3 Private‘offices, small conference NC-30
rooms, classrooms, libraries, etc. - to
(for good listening conditions).

4 Large offices, reception areas, NC-35
retail shops and stores, cafeterias, to
restaurants, etc. (for fair listening NC-40
conditions).

S "Lobbies, laboratory work spaces NC-40

- drafting and engineering rooms, to
maintenance shops such as for NC-50
electrical equipment, etc.

(for moderately fair listening
conditions). .

6 Kitchens, laundries, shops, garages, " NC-45
machinery spaces, power plant control to i
rooms, etc. (for minimum acceptable _ NC-65 i

speech communication, no risk of T
hearing damage).

-

It is noted here that much of the known data on criteria
do not cxtend cdown to the very low frequency band of 31 Hz.
Some of the noise source data, however, include 31 Hz levels,
For most ordinary noise problems, there will be no serious
concern for the 31 Hz band so it can be ignored for most cal-
culations. If it is known that a serious problem involves

decision-making at 31 Hz, acoustical assistance should - be
obtained.



4.3 Specech Power

In this section we shall discuss the acoustical power out-
put of speech. The average person is surpriscd at the exceed-
ingly minute amount of energy contained in speech. Approximatcly
15,000,000 lecturers spcaking at the same time generate acoustical
energy at a rate of only 1 horsepower, When the spcech power
of a single speaker is diffused in a large auditorium, the sound
pressure in the room is reduced to cxtraordinarily small values.
Under such circumstances, it is easy to understand why it is
difficult’ to hear well in a large room, and why very f{eeble
sources of extrancous noise may produce serious interference
with the speech. For example, the noisc of a distant ventilat-
ing fan or motor, the shuffling of feet on the floor, the jar-
ring of a near-by door, or the whispering or coughing of in-
considerate ''spectators" may be sufficient to mask many of thc
speech sounds, and especially the fceceble consonants, which
reach an auditor in a large auditorium.

An extensive investigation of the conversational speech
power output of individuals of two groups, 6 men and 5 women,
was conducted by Dunn and White. This study indicates that
the average male person produces a long-time-interval average
sound-pressure level of about 64 db at a distance of 1 meter,
directly in front of him, when he talks in a normal conversa-
tional voice; the average for women, as shown by this study,
is about 61 db at a distance of 1 meter.

The above data are for conversational speech in a quiet
location in the absence of reflecting surfaces. Noise, the
size of the room in which a person is speaking, his distance
from the auditor, the acoustical conditions of the room, and
other factors affect the power output of his speech, and
. especially the sound-pressurc distribution throughout the room.
If a noisy condition prevails, he will raise his voice in order
to "override'" the noise., He will, in general, increasc his
power output as his distance from an auditor is increased.

4,3,1 Voice Sounds - Voice sounds are formed by passage

of air through the vocal cords, lips, and tecth.
As the air strecam passes through the vocal cords, they
are set in vibration. The cavities of the nose and throat
impress resonant characteristics on these vibrations to
produce speech sounds. All the vowel sounds and some of
the consonant sounds are produced in this manner. Other
sounds called unvoiced sounds, for example, f,s, th, s.,
t, and k are produced by passage of air over the teeth
and tonguc without use of the vocal cords. Voiced con-
sonants, such as b, 4, g, j, v, and z, are combinations
cf the two processes.
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The various vowel sounds are made by changing the
shape of the resonant chamber so that different frequencics
arc enhanced., Each of the vowel sounds has certain charac-
teristic frequency groups as shown in the frequency chart
in Fig.1s and in Table 6.

The values given are average values and there is
considerable variation for different individuals and for
a single individual at different times., If one of these
speech sounds is passed through a sound filter that absorbs
frequencies in the neighborhood of one of the characteristic
frequencies, the vowel sound is no longer recognizable.

TABLE 6 , '

CHARACTERISTIC FREQUENCIES OF VOWNEL SOUNDS

Vowel sound Low frequency _High frequengy
a (tape)..... 550 . 2100 . ;
a (father)... . 825 1200
e (eat).eeens 375 , 2400
e (ten)..e..e 550 ' 1900
i (tip).eceess 450 2200
0 (tone)..... . 500 - 850
u (pool).eaees 400 . 800
i i ] !
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Articulated speech consists of a flow of various
combinations of consonants and‘vowels. The nature of the
articulation of the separate syllables and words in speech, "
and the rapidity with which the scparate syllables follow
one another, have a grcat bearing upon how well the speech
is hecard. If the scparate syllables arc inaccuratcly formed,
and if they follow cach other in rapid succession, they
may not be heard distinctly. .

Intelligibility of specch is a phrase used by tele-
phonec engineers, signifying how well spcech is recognized
and understood. :

The intelligibility of speech declines rapidly with
the distance from a spcaker in the open air, owing to the
inverse relationship between sound pressure and distance.
In a room the distribution of sound radiated by a source
is grecatly affected by the boundaries of the room; the
distribution is alterecd; the sound levels are generally
raised; and other phenomena such as room resonance, rever-
beration, and diffusion are introduced,

Sounds of equal sound pressure level may not be
rated by listeners as being equally loud. Loudness is a
subjective quantity that is mcasured by a human observer.
To determine how loud a sound is, a standard sound is
chosen and a significant number of people compayre the un-
known with the standard. The accepted standard; is a pure
1,000 cycle (1K Hz) tone. The loudness level in phons of
a 1,000 cycle tone by definition is the same as the sound
pressure level in decibels. The loudness level of any
sound in phons is numerically equal to the sound pressure
level in dB of an cqually loud 1K Hz standard sound, To
human ears broadband sounds, like those of jet aircraft,
scem much louder than pure tones or narrow band noise hav-
ing the same sound pressure level,

4.,3.2 Noise and Sneech Interfcrence - The most
demonstrable ciicct of noise on man is that
it interferes with his ability to use voice communi-
cation. A noisc that is not intense enough to causc
hearing damage may still disrupt speech communica-
tion as well as the hearing of othe desired sounds.

The arithmctic average of the readings in
decibels for the three octave bands, centered on
500, 1,000 and 2,000 Hz, contained in a widcband
noise has empirically been shown to provide an indica-
tion of the ability of that noise to affcct the



intelligibility of voice communication. The average
of these threce octave band dB valuecs is called the-
speech-interference-level (SIL). 1In noises whose
spectra yield an SIL greater than 75 dB, personnel
would have to speak in a very loud voice and usc a
selected and possibly prc-arranged vocabulary to

be understood over a distance of one foot., Tele-
phone use under these noise conditions would bec
impossible. A SIL between 65 and 75 dB would barely
permit reliable communication over two feet with a
raised voice. This span of communications would be
extended to four feet by using a loud voice and to
eight feet by shouting. Telephone conversation
under 65-75 dB SIL conditions would be difficult,
In noise having an SIL between 55 and 65 dB, 2
normal voice level would be effective over a dis-
tance of three feet, a raised voice over a distiance
of six feet, and a very loud voice over a distance
of twelve feet. Telephone use here would be prac-
tically unimpaired. A SIL of 55 dB or less wouid
be permiss ble in large business or secretarial
office areas. A SIL of 45 dB or less would be
desirable for private oifices or conference roomns.
Fig.16 indicates distance between speaker and
listener and voice level restrictions to insure
intelligible speech for various SIL conditioms.
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Table 7 gives the average 'speech inter-
ference level'" of a noise that will just barcly
permit reliable speech communication for a range
of voice levels and distances. The data are based
on tests performed out-of-doors where there are
no reflecting surfaces to help recinforce the speech
sounds, but the values can bc uscd as approximations
for indoor conditions as well., Also, to a first
approximation (but not exactly), if a noise follows
the shape of an NC curve, the "PSIL" value of the
noise will nearly equal the NC curve number.

" As a simple example of the use of Table 7,
if the noise levels in a Mechanical Equipment Room
average 62 dB in the 500, 1000 and 2000 Hz bands,
barely reliable speech conversations could be car-
ried on in that room by shouting at a 16-ft. dis-
tance, by using a loud voice level at a distance
of 8 ft., by using a raised voice at a distance of
4 ft. or by using a normal voice level at a dis-

-tance of 2 ft.

If tvo men are standing, facing each other
in a noise field, the maximum speech-interfecrence
levels that just permit reliable communication at
various voice levels and distances are as shown in
Table '8 in making up this table, average male voices
and good hearing are assumed, as well as unexpected
word material. If the vocabulary is limited or if
scntences only are spoken, the permissible specch-
interference levels may be increased by about 5 db.
If a woman is speaking, the permissible levels
should be decreased by -about 5 dB, Absence of re-
flecting surfaces is assumed,
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TABLE 7

SPEECH INTERFERENCE LEVELS ("PSIL"):

. AVERAGE NOISE LEVELS* (IN DB) THAT PERMIT
BARELY ACCEPTABLE SPEECH INTELLIGIBILITY
AT THE DISTANCES AND VOICE LEVELS SHOWN

Voice Level

Distance

ft) Normal Raised Very Loud ShoLting
1/2 74 8o 86 92

1 68 74 80 " 86

2 62 - 68 74 : 80

4 56 62 68 74

6 53 so 65 71

8 50 56 62 ' %8
10 48 54 60 66
1z 46 . 52 " s8. - 64
16 - 44 50 56 62

*PSIL (Speech Interference Level in ''"Preferred'" Octave Bands)
is arithmetic average of noise levels in the 500, 1000 -and
2000 iz octave frequency bands. PSIL values apply for average
malc voices (reduce values 5 dB for female voice), with speaker
ard listener facing each other, using unexpected word material.
PSIL vaiues may be increased 5 dB when familiar material is
spoken. Distances assune no nearby reflecting surface to aid

= -

Ze 53e2Ch sounds.
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TABLE 8: Speech-interference Levels (in Decibels re
0.0002 Microbar) That Barely Permit Reliable

Word Intelligibility at the Distances and Voice Levels

Indicated. No Reflecting Surfaces to Aid the Direct

Speech Are Assumed*

Distance, Voice level (average male)

t Normal Raised Very loud Shouting
0.5 71 71 83 89
1 65 71 77 83
2 59 65 71 77
3 55 61 67 73
4 53 59 65 71
5 51 57 63 69
6 49 55 61 07

12 43 49 55 ol

*¥After L.L. Beranck

- 42 -




4.4 Effect of Noisc on Hearing

Everyone has probably had the experience of being unable
to hear some critical lines in a play because noises from the
foyer or strcet often occur just as these lines are spoken.
én spite of the apparent correlation, no one has demonstrated

he existence of a "masking demon" that knows the play and
takes delight in making noise at these most crucial moments.
However, one may legitimately conclude that, a2side from the
dnnoyance that it causes, noise has the effect of reducing

the acuity of hearing; that is, it elevates the threshold of
audibility. This shift in threshold of audibility is called
masking, and the shift, in decibels, defines the amount of
masking. Unless the loudness of speech or music is sufficiently
above the level of the surrounding noise, the speech or music
cannot be fully recognized or appreciated because of the mask-
ing effect of the noise; it is impossible to ignore completely
a loud noise and listen only to the wanted sound.

Masking data are generally represented in the form of a
curve called a masking spectrum (sometimes called a masking
audiogram) which gives the number of decibels at each frequency
that the threshold level of a pure tone is shifted when heard
by a normal observer in the presence of masking sounds. As an
illustration, the masking spectrum due to ''average room noisc"
is given in Fig.l7 For instance, a tone of 1000 cycles would
have to be raised 25 dB .above the minimum audible threshold to
be heard in the presence of this average room noise. The
masking spectrum in this case, and 'in general, is not contant
with frequency. It depends on the pressure level and the mature
of the masking sounds. Here we shall discuss two types of
masking sounds: first, a sustained pure tone; and, second, a
continuous noise spectrum typical of those which occur in audi-
toriums.

- 4.4.1 How We Hear - Experiments indicate that low-pitched
tones, especially if they are of considerable loud-

ness, produce a marked masking effect upon high-pitched
tones, whereas high-pitched tones produce only little mask-
ing upon low-pitched tones. The auditory masking of one
tone upon another is greatest when the masking tone is al-
most identical with the masked tone. In general, all tones,
especially if they are loud, offer considerable masking for
all tones of higher frequency than the masking tone. There-
fore, very intense low-frequency hums or noises are especial-
ly troublesome sources of interference for the hearing of
speech or music since they mask nearly the entire audible
range of frequencies. -
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4.4,2 Outdoor Noise - Sounds of outside origin are often
the principal contributors to noise in offices,

churches, and residences., The largest source of outdoor
noise is generally automobile traffic. For this reason,
it is desirable that all buildings in which quietness is
an’ important factor, including churches, auditoriums, and
hospitals, be not constructed near a busy, or potentially.
busy, strect, '

Street noise is an example of disordered sound. A
spectrum analysis of this noise will show that practically
all frequencies are present and that it is highly irregular
in nature. This irregularity can be illustrated by mecans
of sound spcctrograms., These visual records, obtained
with a sound spectrograph - an instrument developed by the
Bell Telephone Laboratories - provide a frequency analysis
of a sound source as a function of time,

The average level of street noise varies with the
time of day. In many business districts, the avcragec noise
level 1s lowest betwcen 3 AM, and 4 A.M. and rises rapidly
after 5 A.M. to a maximum at about 10 A.M. In other areas,
the muximum occurs later in the day, often during evening
"rush'" hours. Fig.1l8 gives the average result of measure-
senes rade at the street curb in a large number of business




and residential locations. The dashed lines give data
for New York City, but they are rcasonably rcprescnia-
tive of the noisc conditions in congested areas of other
large cities. They show the per cent of the locations
surveycd which have noise levels less than the decibel
reading indicated along the horizontal axis. Thus, in
the New York business district, 30 per cent of the loca-
tions had noisc levels of less than 70 db. The solid
lines give average data for business and residential
districts in other cities, which include a wide range of
areas, from congested city districts to rural arecas.

As a result, the levels are lower than they are in New
York City and the spread (range) of noise levels is
greater, ‘
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4.5 Outdoor Background Noise

People tend to compare an intruding noisc¢ with the back-
ground noise that was present before the new noise came into
existence. If the new noise has distinctive sounds that make
it readily identifiable or if its noise levels are considerably
higher than the background or "ambicent'" levels, it will be
noticcable to tho residents and it might be considered objection-
able. On the other hand, if the new noise has a rather un-
identifiable, unobtrusive sound and its noise levels blend into
the ambient levels, it will hardly be noticed by the neighbors
and it probably will not be considered objectionable,

Thus, in trying to estimate the effect of a new moise on
a neighbor, it is necessary to know or to cstimate the back-
ground noise levels in the absence of the new noise. ! Since
the equipment is probably planned for continuous day and night
operation, and since people are less tolerant of an iptruding
noise at night, the nighttime ambient noise levels arg impor-
tant to the evaluation of the problem, 3

Where possible (and especially if a sensitive neighbor-
hood is located necarby), the average minimum nightime noise
levels should be measured several times during several typical-
ly quiect nights. Recadings should be taken in octave bands and
reaci._s sihould be taken when there is no nearby truck or auto
traf{ic that would give falsely high valucs.

if background measurements, cannot bec made, the ambicat
noise lcvels can be estimated approximately with the use of
Tables 9 and 10. In Table 7 , the condition should be detcrminced
that most nearly describes the community or rcsidential arca or
the ncarby traffic activity (which frequently helps set the
ambient levels in an otherwise quict neighborhood) that would
exist during the quietest time that the equipment would be in
operation, For the condition that is sclected, there is an
appropriate '"Noise Code No." at the right-hand side of Table 10
that is used to enter Table 9. For that particular Noise Codec
No., Table 9 then gives an estimate of the approximate average
minimun background noise levecls for that arceca and traffic con-
dition. This is not an infallible estimate but it will serve
in the abscnce of actual mcasurcments,

It is cautioncd that thesc estimates should be used only
as rough approximations of background noise and that local con-
ditinic can give rise to a wide range of actual noise levels.
It is, aneverthecless, realistic to utilizec a method such as this
to help determine the amount of noise that a new noisc can make
without becoming noticeably louder than the general background,



' TABLE 9

ESTIMATE OF OUTDOOR BACKGROUND NOISE BASED -
ON GENERAL TYPE OF COMMUNITY AREA AND
NEARBY AUTOMOTIVE TRAFFIC ACTIVITY

(Determine the appropriate conditions that secm to best descrine

the area in question during the time interval that is most criti-
cal; i,e., day or night, probably night if for slecping. Then
refer to corresponding Noise Code No. in Table 5 for averags mini-
mum background noise levels to be used in noise analysis. Usec
lowest Code No. where several conditions are found to be reasonably
appropriate.)

NOISE
€02
CONDITION . NO.
1. Nighttime, rural; no nearby traffic of concern 1
2. Daytime, rural; no nearby traffic of concern 2
3. Nighttime, suburban; no nearby traffic of concern 2
4, Daytime, suburban; no nearby traffic of concern 3
5. Nighttime, urban; no nearby traffic of concern 3
6. Daytime, urban; no nearby traffic of concern 4
7. Nighttime, business or commercial area 4
8. Daytime, business or commercial area 5
9., Nighttime, industrial or manufacturing area 5
10, Daytime, industrial or manufacturing area 6
1l. Within 300 ft of intermittent light traffic route 4
12, Within 300 ft of continuous light traffic route S
15, Within 300 ft of continuous medium-density traffic 6
14, Within 300 ft of continuous heavy-density traffic 7
15, 300 to 1000 ft from intermittent light traffic route 3
16, 300 to 1000 ft from continuous light traffic route 4
17, 300 to 1000 ft from continuous medium-density
traffic 5
5. 300 to 1000 ft from continuous heavy-density traffic 6
19, 1000 to 2000 ft from intermittent light traffic 2
206. 1000 to 2000 ft from continuous light traffic 3
21. 1000 to 2000 ft from continuous medium-density
traffic 4
we. AUUU to 2000 ft from continuous heavy-density
traffic 5
23, 2000 to 4000 ft from intermittent light traffic 1
Z¢. 2000 to 4000 ft from continucus light traffic 2
2

2000 to 4000 ft from continucus medium-density
traffic : 3
2000 to 4000 £t from continuous heavy-density

5N
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TABLE 10

-

OCTAVE BAND SOUND PRESSURE LEVELS OF
OUTDOOR BACKGROUND NOISE CODE NUMBERS OF TABLE 10

OCTAVE BAND CENTER FREQUENCY IN HZ
NOISE CODE NO.

IN TABLE 9 | 92 125 250 500 1000 2000 4000 8000
1 40 37 32 27 22 18 14 12
2 45 42 37 32 27 23 19 17
3 50 47 42 37 32 28 24 22
4 55 52 47 42 37 33 29 27
5 60 57 52 47 42 38 34 32
6 65 62 57 52 47 43 39 37
7 70 67 62 57 52 48 44 42

4.6 \ Noise Resulting From Air Flow

When air flows through a ventilating system, obstructions
of all types (bends, side branches, changes of duct size, grilles)
produce eddy currents or other forms of turbulent flow. Noise
containing sounds of all frequencies is generated as a result of
this turbulencec. However, noise arising frem turbulencc usually
contains relatively more high-frequency noisec than does motor-fan
noise. Hence, streamlining often will contribute effectively to
noise rcduction. Some times the turbulence will set into vibra-
tion parts of the system, particularly the walls of unlined ducts,
and give 2 ke resulting noise a definite pitch.

Noize tnat results from the turbulent f£flow of air increases
with increasing velocity of flow. From this standpoint, it is
desirable to have the air velocity low; however, this involves
relatively larger ducts and hence greater expense. If a certain
level of noise is acceptable in a room, acoustical correctives

’:



will permit the ventilation system to have a higher veclocity.

The increase in noisc with air flow velocity is illustrated

by the curves of grille noise level shown in Fig.19. The measure-
ments were taken at a distance of 6 feet from each of thrce
typical grilles having a face arca of 0.5 square foot. These

data indicate that grilles that produce a large spread of air by
deflectors which offer obstruction to the outward flow produce a
somcwhat higher noise level than do those having little air re-
sistance, ' For a grille of a given typc, increasing the face

arca incrcases the noisc level if the air velocity is constant;
the incrcase is approximately 3 dB for cach doubling of the face
arca. For cxample, from Fig.1l9 the noise level for grille B,
which has an area of 0.5 square foot, is 27 d3 for a face velocity
of 1250 feet per minute. The noise generated by ‘a grille of

this type having an arca_of 1 square foot would be 30 db for

the same air velocity of 1250 feet per minute. If the total
anount of air flowing past the grille remains the same, the

noise level decreases rather rapidly as the size of the grille

is increased.

Sound Level in Decibels

Face Velocity in Fec./Min,
Fie. 19. NOISE LEVEL NEAR GRILLE VS. FACE VELOCITY OF AIR
STREAM. CURVE A IS FOR A GRILLE PROVIDING LITTLE SPREAD,
CURVEZ B IS FOR A GRILLE OF TIIE HONEYCOMB TYPE GIVING A SMALL
22700, CURVE C IS FOR A GRILLE PRODUCING A LARGE SrR:EAD,



4,6,1 Minimize Noise at Its Sourcc - Two typcs of noise
should bec suppresscd i1n a ventilating system -
that resulting from solid-borne vibration and that which
is air-borne. The principal sources of solid-borne vibra-
tions are the motors and fans. In addition, turbulence in -
the air stream can cause the duct walls and other parts
of the system to rattle. Motors and fans in which noise
and vibration are deliberatcly and effectively suppressed
are now manufactured, They are especially desirable, but
.if their cost is very much higher than others which are
less quiet, it is somctimes cheaper to control the noise
and vibration by other mcans. Proper mounting of the
motors and fans, so that they will not communicate vibra-
tion to the ducts, walls, or floor, is important. There
should be no direct contact between the building structure
and the foundation of the motors and fans. Isolation of
the machinery from the floor can be accomplished by methods
described in the previous chapter. The blower and exhaust
fans should be isolated from the ducts by a flexible
sleeve, for example, one fabricated of canvas. It 1is also
helpful to use rubber hose for the piping connections from
pumps. The tendency of unlined duct walls to be set into
vibration can be reduced by the application to its surface
of a material which adds mechanical damping.

The noise level is high in the equipment room of a
ventilating system. This fact may not be important if the
equipment is in an out-of-the-way location such as the
basement. However, where the equipment noisc is likely to
be a source of annoyance to occupants adjacent to the
equipment room, the motors and fans should be selected with
regard to their quietness, acoustlcal treatment of the
equipment room may be desirable,, and the wall partitions
should provide adcquate attenuation of noisc. In the past
few years air-conditioning units for single rooms, small
enough to fit into a window, have become popular. Such a
unit may not be a source of annoyance in the room itseclf,
but it may be a source of considerable disturbance to
nelghbors having windows necar-by. Before pu;ch351ng such
an air-conditioning unit, one should 115tcn to it or check
its specifications with regard to .the noise it generatcs
outsidec as well as inside the room, ;tm@;p conditions.
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CONSTRUCTION COSTS.OF HIGHWAY DESIGN

AVERAGE
CONSTRUCTION HIGHWAY DESIGN -  INDEX MO,

GROUND LEVEL | 1
DEPRESSED OPEN CUTTING 1.5
ELEVATED ON EMBANKIENT 2
ELEVATED: RETAINED 3
DEPRESSED:  RETAINED 5,5
ELEVATED: VIADUCT 7.5
TUNNEL:  BOARD 13
TUNNEL: IMMERSED TUBE 25
TUNNEL: CUT AND COVER 1
TUNNEL: BORED UNDER RIVER 50

°COSTS BASED ON 1969 ESTIMATES (ENGLAND)

1N MILLIONS PER
LANE/KILOMETRE®

175
263
.350
.525
.962
1,312
2,275
4,375
2,624
9,650
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CONSTRUCTION COSTS OF BARRIERS

COST/LIN, FT. FOR

BARRIER TYPE THICKNESS ~ _10-FOOT BARRIER
WOODEN WALL - 34 4 312 ©
EARTH BERM 60 “ (Top) $25 ©
CONCRETE WALL | 6° $42 - $55 @
(PRE-CAST CELLULAR) -
BRICK --- $25 °°
ALUMINUM 3° su0 ©

GABION (STONE) 3 460 ©

©© BASED ON ONTARIO MINISTRY OF TRANSPORTATION
© ESTIMATE GRATER LONDON COUNTY COUNCIL
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WINDOW TYPE: SOUND ATTENUATION

WINDOW TYPE

'SINGLE GLAZED, WINDOW OPEN.
SINGLE GLAZED, FULLY CLOSED'
DOUBLE WINDOW, STAGGERED OPENING
DOUBLE WINDOW, CLOSED

SINGLE WINDOW, SEALED

DOUBLE WINDOW, SEALED

~ SOUND LEVEL pB(A)

5-15
20-25
20-25
30-35
25-30
35-U45

3
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INTENIOR NOISE EXFOSUNEZ STANDARDS
DEPARTENT OF HOUSING AND UaBAN DEVELOPHMENT
Sleeping Quarters. VFor the prosent €ims, HUD £ield personnel
sheuld considor cristing ond prejcoctod molso eapcoure for sBlcop-
ing quarters "aeecptable” 4¢ interior mneise lovels resulting
from extorior noisc sourges ond intorier bullding sourcses guch
as heating, plurding, and alp eonditiening

-=do net oxnecod SHAB(AY for mers than an acevnulation of 60
ninutos in any 20-hour povried, and

-=de not oxeccod 85aB(A) for mors thon 30 minutes during nlight N
tire slecping hours f£ren 11 p.0. €0 7 Q.D., and

-=do not execced 45dB(A) for morc than am assunulation of olght
hours in ony 28-hour Goy

Gthnm Interleor Arcns. HUD porsenncl should ezereisc diseretion
and Judgciint 0o to intopior Qroas othor tham those used for
sleccoping. Considoration should bo given to tho eharacteristies

of the noisc, the duration, ¢imc of doy, cnd planncd uso of tho
QFCdo ’
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NOISE RELATED ACTIVITIES
REQUIRING EMVIRONHENTAL INPACY STATERERTS
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S3LON

ENVIRONRENTAL IPPACT STATERENT

I. DESCRIPTION OF PROPOSED ACTION
1il. PROBABLE IHPACT OF PROPOSED ACTION

111, PROBABLE UNAVOIDABLE ADVERSE ENVIRONMNERNTAL
EFFECT

IV. ALTERNATIVES TO PROPOSED ACTIOHN

Vo RELATICGHNSHIP BETHEEY SHORT-TERWW ENVIRONMENTAL
USES & HAITNTENARCE 2 ENHARCERERNTY OF LONG-TERH
PRODUCTIVITY

VI. ANY TRREVERSIBLE @ IRRETRIEVABLE CONRITHENT OF
RESOURCES

VII. DISCUSSION OF PROBLENS 6 OBJECTIONS RAISEDEY
OTHER FEDERAL STATE & LOCAL AGENCIES, PRIVATE
ORGANIZATIONS & INDIVIDBUALS
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SECTION IV

GENERAL PROCEDURES AND ENFORCEMENT BEHAVIOR



1.0 CODE OF RECOMMENDED PRACTICES FOR ENFORCER-VIOLATOR-CONTACT-
PROCEDURES AND BEHAVIOR - GENERAL

1.1. Etiquette in Enforcement Work

l.1,1 Definition - Et;quette is defined as the "forms"
requlrea By good breeding or prescribed by authority

to be obscrved in social or official life. One of the

many synonyms of the word ctiquette is '"decorum'" which 1s

defined as "fitness'" or “propriety and good taste in

conduct or appearance." '

1.1.2 Impressions - The great importance in rendering

an entorcement service where personal contacts
with the public are:concerned. The eyes of the public
are always on the enforcement inspector. His behavior 1is
a contributing factor in the formation of a good impression
of his department and its members. As soos as you act as
a representative of the Department of Environmental Control,
you lose your identity as a private citizen and become
the representative of the Department. An errant doctor,
lawyer, judge, legislator or tradesman will not bring
public condemnation on his ‘particular profession, but how
often have you seen the entire Department condemned for
the action of one inspector?

1.1.3 Etiouette - In enforcement work, etiquette applies
to appearance, attitude and conduct., All three

are important in establishing a good first imgression. An

inspector must give careful attention to his personzl

appearance., He must make sure his clothes fit properly

and are neat, pressed and in good repair. Other 'musts"

to a smart appearance include:

Neatly trimmed and combed hair

Clean shaven face }

Clean hands

Clean teeth and in good condition

Clean and trimmed fingernails

Body and breath free from odors

Good physical condition

NNV SN e
e o e o © o o

l1.1.,4 Anvearance - Certain practices distract from your

appearance, Do not spit or chew tobacco or gum in
public. Avoid backslapping, finger poking, shoulder leaning
or coastant haudshaklna. Do not lean or assume a loafing
position, These actions only irritate the onlooking public.
In this regard, it is assumed that the individual inspector
will use good Judwnent. Specifically, an enforcement
officer when on duty should:




1. Refrain from smoking when in conversation with a
citizen regardless of the naturc of the conversation,

2, Refrain from smoking when entering a private home in
the performance of enforcement duties,

3. Refrain from smoking, regardless of the circumstances,
when it will interfere with your enforcement duties or
appearance,

On the other hand, smoking would be permissible under
the following circumstances:

1, On a special assignment that is of such nature that
you are not exposed to public view,

2, In an enforcement vehicle, provided that you do so in
an inconspicuous manner.

3. Working inside a Department facility, where the atmos-
phere is private or semi-private and you are not 1in
direct contact with the public.

4., Eating in a restaurant, the inspectors are called upon
to render a wide variety of services. These services
should be performed cheerfully, Problems that may seenm
insignificant to an inspector accustomed to dealing
with sordid and distressing situations are most important
to the citizen involved. It is imperative that such
matters be approached with understanding, compassion
and magnamity, The more friendly and courteous the
agent is, the more people are likely to come to him
for advice and help when they are in trouble,

1,1.5 Attitude - The overall attitude of an inspector in
the perrormance of any public service can usually

be detected by the citizen, Remember that your thoughts

and emotions are revealed by facial expression, tone of

voice, or a gesture. From these simple indications, a

citizen can determine your attitude toward him and his

particular problem., His opinion of you will probably be

extended to include all Environmental Control personnel.

No matter how cynical a n inspector becomes, he should not

let feelings affect his behavior in public. The Department

you represcnt does not give you any right to indulge in

abusive oratory, personal vindictiveness, or to act in an

officious and sarcastic manner, An attitude of blustering

officiousness gains nothing, Cultivate the knack of meeting

people easily. Remember tact and consideration will help

in most tasks., Show respect to others in all contacts. You

will invite respect in return., Make a sincere effort to

understand the other person's point of view. To maintain

a proper attitude, you must accept the fact that you are a



public service employee. Strive to climinate any indi-
cations of arrogance, conceit, indiffercnce or impatience
and develop 2 genuine and sincere intcrest in your work.
Develop the ability of making a friendly approach without
creating fear or suspicion. The first few seconds of your
contact with a citizen are the most critical. First
impressions are usually lasting ones. Show a friendly
interest and do not bluff or cover a lack of knowledge.
Attitudes are expressed in three ways:

1, Facial Exvressions - To be friendly, a smile goes a
fong way in tnis regard. A scowl is a sign of a sullen
disposition and could give a citizen a bad impression
not only of the particular inspector but of the entire
Department.

2. Bearing - Your bearihg, whether it be in public, in a
- @ car or in private life, is always on display. When
out of a car, an inspector should always stand erect,
In private life, too, your bearing should reflect what
you have been preaching to other citizens while you
are working. .

3. Voice - Voice and the spoken word can be best explained
' by the following chart:

THE SPOKEN WORD

Proper Improper
Temperate language Violent language
Clean language Obscene language
Well-modulated tone Loud, harsh, gruff speech
Truth Lies and gossip
Charitable remarks Szrcasm
Kind words Vulgar remarks and stories

Never raise your voice. A big mouth does not indicate a
big brain. Every time we speak, we recach the ears and
mind of people. Ninety percent of all frictions of daily
1ife stenms from mere toae of voice. When we speak, cur
words convey our thoughts, but our tone conveys our mood.
If he 1is loud, the inspector will be regarded by the
citizen as a loudmouth and a bragcart in whom he can have
ro coniidence, If he uses vulgar remarks, is sarcastic
and cobscene¢, an inspector will not be thought of too hichly,
On the other hand, if he is courtcous in his speech, the
inspector will be looked upon as being a well-trained

/
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servant of the poople. The citizen will have confidence
in the inspector and will be happy to cooperate with him,
Cooperation from the public greatly simplifies the work
of any enforcement agency. The attitude behind a phrase
can be as important as the phrase itsclf. "What do you
want?" is a very blunt way of asking whother or not you
may be of uorvice. DBe aware of the phrases you use in
your approach, and be sure that they are of such a nature
that they do not arouse antagonism., Refrain from the

use of nicknames, such as "Bud," '"Chum," '"TFellow," etc.
when addressing a citizen., Never address a female as
"Lady,." The titles "Sir," '"Madame," or "Miss'" should be
used. Once the name is known, it should be used. When
the person is addressed by name, the correct title should
be used, such as: 'Doctor," "Mr.," "Miss," or "Mrs.,"
It is difficult to be firm without appearing tough. It
is not easy to have an investigative attitude without
appearing unduly nosy or to require citizens to do things
against their will without appecaring officious, but it
can be done with the proper approach., The actual conduct
of an inspector is 1 portant to correct enforcement
etiquette, No one can set up rules of etiquette for every
situation that an inspector will encounter during his
daily duty. Listed. are some of the more common guidelines
of enforcement etiquette that will help you handle addi-
tional situations that could arise:

1. Treat all citizens with resnect and consider. tion,
Treat all of their complaints with respect, rggardless
of the importance you may place on them, A complaint
is of great concern to the person making it.

2. Give the citizen your full attention. When you focus
your attention elsewhere, the citizen with whom you
are talking will get the impression that you care
little about his problems. If something should divert
your attention, so inform the person, and then get back
to him and his problem as soon as possible,

3. Try not ti interrup a citizen needlessly during his
explanation. If questions are essential to acquire a

better perspective of his problem, wait until he finishcs.

Try not to ask him foolish questions, even though his
questions might appear to you to be foolish.
, \

4. When making an explanation of anythlng to & citizen,
make certain that he understands you fully. Allow
him to ask questions. If he should be asking directions
make certain that he understands yod fully before
allowing him to proceced, If the dirbctions are such
that they are complicated, write thei out. Never give
a citizen the wrong information. Iflyou do not know,
politely inform him that you don't kiow and offer to
find out for him or refer him to a sdurce where he can
obtain the information,



Enter a complairant's home as if you were a gucst and
not an unwelcome intruder Proper decorum while in
the housc of a citizen 1nd1catcs good groonLHO and
training and will prompt the citizen to be more
congenial., Conduct yourself as you would expect others
to conduct themgelves . in your home. Trecat persons in
thely homes as you would have your own family treated
in your home All forms of ectiquette should be cxer-
ciscd while -n the heme., Remove your hat and wipe
yous feet before entering. Avoid placing keys, books,
etc. on tho furniture and do not smoke or lounge

,around s 'if you were in your own home, Acting in an

officizl capacity as an Environmental Control imnspector
precludes Lhe "make yourself at home" precept.

Never d‘SCflﬂlnhte ‘2gainst any individual, Prejudice

and discrimination, have no place in any enforcement
deparinent in America. Do not become involved in any
conurovc‘51al subJPcLs such as rellalon politics or
race. "

s

Avcid being'an iriconsiderate driver when operating any
motor vehicle ancl especially when operating Department
vehicles. Do not! integrfere with traffic by driving

too slowly and dcf not ‘éreate a traffic hazard by
driving too rnnlaly. ‘Be thoughtful and considerate

of the rights of ~other motorists while on patroi.

‘

In dealing with mvdlnance violators, be courtecus and
civil., Never tak: the'violation as something personal.
Rem ﬁbe* you are ‘not the judge and the jury nor arc
you t nder any’ penalt ies, lectures, etc., You must
enio “cc cne law «ind leave the punlshnent to the courts.
Fair and impartiial tré:ztment of any lawbreaker is not
an 1ndication of [weakness, By resorting to cruel or
biased tregcwentu you' do not alter the status of the
criminal or VfOﬁgdoev but only lover yourself to thelr
level of society . It must also be remembered that unti
a person acts oviertly in violation of a law, no action
can be taken aﬁﬂ;uub him, There is no law against
making an ‘enforciencnt” officer angry. You just lower
yours clf by berating and demeaning a citizen in return
for his remevks), The ‘public is very interested in the
Depearment of Enviroamental Control. Citizens have
very high stanclaiés thizt they would like their enforcers

H

to live up to.; These standards include:

(a) That the ncv have ! a professional interest in
their Job

USRS

# :
(b} That theJ } operate ‘under excellent discipline,
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{c¢) That they be well trained.

(d) That they cite violators quickly and without
interference to ordinary citizens.

(e) That they be fair and impartial.
(£f) That they be honest.
(g) That they be tireless.

On the other hand there are groups that are bent on
reducing enforcement effectiveness by placing the
inspector in the role of the villain in the eyes of
the public, A sincere regard for the feelings and
rights of others by ALL inspectors can reduce the
chances of this happening. Proper utilization of the
proper forms of enforcement etiquette 1s essential to
good enforcement work,

Enforcement courtesy consists of quiet, unassuming
behavior based on a sincere consideration for the
feelings of others. Race, religion, color or crced

do not influence the practice of: courtesy. Courtesy
presupposes an attitude of desiring to please; or
desiring to serve., DBoth make necessary attributes of
a good enforcement officer. As an Environmental
Control inspector, you can be firm and conscientious
in carrying out your enforcement duties and still be
courteous. A courteous enforcement officer inspires
confidence, Citizens look upon inspectors as repre-
sentatives of the Department of Environmental Control.
It is obvious, therefore, that the influence of
inspectors on citizens is increased by reason of the.
authority they represent, Always remember that most
citizens never come in contact with any other official
of the city government except the enforcement officer,
and as a representative you are judged as an official
of city government whether on or off duty.

People under stress or under the influence of excite-
ment are most susceptible to external stimuli than

they would be under normal circumstances. They are
likely to be morc readily swayed by the actions of those
with whom they come into contact. Enforcement officers
must be carcful that the influence of their authority
does not become oppressive in their relationship w.th
the public, particularly in situations of stress and
excitenent, The attitude of people toward the Depart-
mente is molded by every experience in obscrving, talking
to, and in being served and controlled by tae Department



representatives. Every inspector, therefore? uncon-
sciously plays a major vole in creating public reaction
to the Department, be it good or bad. Lvery day the
Department receives letters from grateful citizens
complinenting members for some act of kindness or
courtesy. Unfortunatecly most of these acts arc known
only to the recipient., But just let one act of dis-
courtesy occur and the entire Department of Environ-
mental Control gets the blame.

Inspector courcesy must be emphasizcd both in actions
and in attitudes. The rules of cthuetue that pre-
cribe the common acts of courtesy have been estzblished
by years of custom end usage, and their observance is

a public acknowledgement of understanding eand of =z
sincere acceptance of the rules of uentlemanly demeanor,
Strict zdherence to the standards of proper behavior
curbs undesirable chafacteristics of personality.

's duty is to regulate the conduct of and
the needs of people of all walks of life,

d ‘be performcd cheerfully -- 'as a good
neignbor. Prcoblems that may seem lﬂS;“ﬁlflC”ﬂL to an
enforcement offlcer accustomed to dea);na with. sordid
and distressing situations are most important to the
citizen involved. It is imwerative that such matters
be 2pproached with unde;stand*hgg compassion and
mag..«..x l\-Y.

1.2 Rule

(V]

of Courtesy to Remember

"Do unto others as you would haeve them do unto you'" just
cbout sums up the basic precept of courtesy. It would be
impossible to list rules of courtesy that would cover every
type oI situztion that confronts an inspector daily. The
following are rciterations of the more common aspects of

enforcement courtesy:
1. Tr all conplieints with respect, regardless of
it tence since it is of prime concern to the citizen.

2. Underscand thorcughly whe. is being told to you by a
citizcn, be it = complainct, a guestion or a request for

service,

3. Give the citizen your full attention. When you focus
your attenticn elsevwhere, the citizen will get the
impression that you are not¢ paying attentioa to him., If
soncthing does direct your attention, so inform the
citizen and get back to him as soon as possible.-

N



4,

S

6.

7

g,

9.

10,
11,
12,

13,

14,

Try not to interrupt the citizen needlessly during
*his explanation,

Don't be afraid or reluctant to take notes if necessary.

No one likes to keep repcating himself and, by taking
notes, it will not be nccessary ©o ask questions,

As mentioned previously, the spoken word is an im-
portant factor exhibiting courtesy. The use of the
expression "Sir" and '"Madam'" should be used exten-
sively in addressing citizens. Avoid the over-
friendly practice of using their first names. The
expressions '"Thank you" and "You are welcome' can
never be overused,

Sarcasm, flippancy, flares of temper or expressions
of envy or prejudice sihould be avoided at all times,
When making an explanatiorn tc¢ & citizen, make certain
that he understands you fully. if he is seeking
airections, make sure he understands you fully before
allowing him to proceed. If the direcccions are com-
plicated, write out the information £for him., 1In
answer to questions for which you do not have the
answer, don't give just any answer or brusa off the
citizen with "How should I know?'" or 'What a.e you
asking me for? Do you think I know everything?"
Lither attempt to find out the answer or divect him
to someplace where he will ve informed,

Enter a complainant's home as if you were a guest,
not as an unwelcomed intruder., Proper dccorvum while
in the home of a citizen iandicates good training and
will prompt the citizen to be more congenial anc dis-
play confidence in any future service.

Always operate your vehicle in the manner in which
you expect everyone else to operate theirs,

Present a businesslike appearance when conversing
with a citizen. , ‘

Do not get involved in controversial subjects, such
«$ Teligion, race, or politics,

Never discriminste against any individual, Prejudice
and discrimination have no place in any caforcement
acgarument i1n Ancrica,

In handling a traffic violator, the ultimate in
ceurtc.y 1s prescribed. Remember you are not there

to penalize, irritate, lecture or scole the violator.
li¢ should be handled in a manner that will not duly
exbarrass hia but will leave no doubt that he violated
& craffic law,



15, Never allow your feelings to affect your actions '
and attitude toward the public. You must lezrn to
take anv constructivc criticism in the scnse tThaot ~
it is given. This criticism is often given with good
'ntenblons. It shows what the person thlnks of you.
An exceptional person will take such criticism and
lea™n from it.

There are four basic causcs which bring on discourtesy
on the part of enforcement officers. All enforcement
officers must take an inventory and guard against then:

1. Showine off - An enforcement officer in uniform is
“iways scen by a great many more people than he sees,
iie must be careful not to show off. "Show-oif"
technicues do not result in the public's admiration
and amazement at your brilliance, but in annoyance
at your conduct,

2, Sclf-importonce - A feeling of self-importance often
tenas to maxke you regard each violation of law as 2

personal ofiense against you. Your reactcion will
result in try1nn to "get even" rather than impartial
enforcement of the law, h

3. Discourtccus behavior of others - You x'llﬁoften have
The tenaency oy Déing ¢ dI:ESUTEVOdS because {cf another '
individual'®s obvious discour y. An offenlder will
usuzlly be on tne defensive vned he is approachea
by an enforcement officer and will ozten open with
_en attack of ebusive language and discourteous behavier,
For you to respond in 1i kc ma nner only worsens tH°

situzt stancders will rarely scc the discourtecus
bchavior of the offc nder, but will never miss dis
courtcous behavior by an enforcement oificer. By
2 ning self-control in all situations and dealing
end courteousliy with an offender, zn
officer shows superiority to him, and his
the offencder will be far more eifective.
4, Discour uesy can SOﬂcfl cs be due <o
Courtesy 1s somctaing which 1is abcui"ud
{nToU_ n conastont praciice, Lﬁitatlon and thouchtful-
ness, based on o« sincere consideration for the -ee-;r;s
or others, It becomes an intimate part of the person-
ality and breeds good-will wherever the person
possessing it gocls.

) 4ol



1.3 Conciusion

, The Department can be looked on as a super-sales

- organization with you as a super-salesman. Fox you, the

Department, the community, and the clty, respect for law

and evder, ele, are the principal commodities. Apply the
more simple rules of salesmanship in your actions:

1. Use courteous words instead of sharp retorts. Avoid
sarcasm. Be polite. Remember that politeness like
civility requires one only to refrain from rudencss.

2, Reflect canthusiasm instead of dullness. If you don't
appear enthusiastic, no one else will be either. You
can't fool anybody on this part. Believe in yourself
by showing confidence in your work.

3. Show response instead of indifference. Listen to_the
other fellow. Hear him out before taking any actioi,

4, Show warmth instead of coldness. Remember that ccldacss
implies indifference.

5. Evidence attention instead of ncglect. A persoa's problen
paramount. Listen to him and him alone. Try te under-
stand the problem at hand before making any decision,
Discuss it with him, .

6. Exhibit patience instead of irritation. Patience is a
" virtuc you must leatn, It does not imply weakness or

resignation, It implies composure, perseverence and
forebcarance., It shows you have control of a situation,
are steadfast in your purpose and are tolerant, It indi-
cates that you have sufficient self-command to wvelrain
from paying injury in kind or taking unrestrainc
thoughtless retaliatory action.

L)
A *
G ain

7. Promotc creative instcad of humdrum ideas. Be creoative
in your thinking and in your approach. The day of
blustering, muscle and indifference is gone. Always try
to think ahead.

8. Malncolin ccs instead of delay., Prompt action
indicatcs & man that is energetic, aggrcessive, and cone
fident in himseli, Delay implies laziness or luack of
coafidence, :

9. Show apnreciation instecad of apathy. A person who appre-
clates others is generally appreciated in retura.



None of these traits avce signs of ucaknes but are
indications of great strength of character which implies
that a man Dosscss1ng it is confwacnt ﬂnd has pride yet
shuns the cgotistical traits ol the braggart. An cnforce-
ment officer, to operate efficiently and in a profcssiocnal
manneyr, must develop pride in himgelf and in his O‘:&Ti-
zation. lle nust be proud to be an enforcement officer
and nust conduct himself with the dlgnlty of his,cifiice.
Dignity c*salays courtesy. And remember: 'CCURE zS\ IS

CONTAGIOUS, '
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After choosing a nearby, LEGAL parking place, both the
enforcement vehicle and the violator's vehicle should be
pulled to the shoulder, or curbside of the strect or road.
The cenforcement vchicle should be eight to fiftcen fcet to
the rcar of the violator's vehicle. The left cdge of the
enforcement vehicle should be two fcet to the left of the
violator's vehicle to offer protection to the officer from
on-coming traffic. The dome and flasher lights should remain
in opcration during the entire time @ violator is stopped
unless the stop is made on a limited access roadway and the
violator's and inspector's vehicles are both safely off the
road. Under these circumstances, &a.d only thesc¢, the dome
and flashers will be turned off.

Before leaving the vehicle, check the violator's state
license numbecr, write the state license number down and leave
it in your car. .

Approach the violator on the left side of his auto. Staad
. slightly behind the front door as you ask the violator for

his license. Your position puts him at a psychological and
physical disadvantage because he is forced to turn slightly

to recar and is prevented from hitting you with uLis door by
suddenly opening it.

Ask the violator for his driver's license, and check his
description thereon against his actual appearance. If there
is any discrepancy, ask him to step out of his car and stand
up. If there is a passenger in the car of the same sex, have
him step out and stand up also. The license may actually
belong to the passenger who gave it to the dzxiver as you
approach the auto .in hopes of avoiding a citation for driving
without a license or having a revokcd or suspended license.
When the description of the license fits both the passenger
and the driver, ask the passenger for his license.

When you are operating as a two-man unit, one officer can
remain with the car as the other approaches the violator's
vehicle, While there is safety in numbers, there is:-no justi- .
fication for you, the approaching inspector, to abandon due
caution while making your approach.. The inspector who remains
with the car must not be inattentive, either. He must remain
alert for any sudden or suspicious movements on the part of
the passcnger c:o uriver, and immedictely inform his partner.
He should also be alert for any traffic conditions that would
endanger his partner or the violator, and take traffic control
action, if necessary. -

The alternative procedure would oc for both inspectors
to approaci thc violator's vehicle from opposite sides, and,
if circumstonces warranted, the second inspector would remain
and give whatcever assistance is necessary until the required
action is completed and the contact is terminated.
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1.5 Calibration Proccdure

1.5.1 Calibrotion Procedurc for the Impulsc Precision Sound Level
Meter Type 2204
1, Attach the 1" condenser microphene, type 41”9 to the

flexible geoseneck type UAO196 with attached five pin
microphone preamplifier scction.

2.a. Plug the above assembly into the socket at the top of
the precision sound lcvel meter. .

2.b. If the microphone extcnsion cable s uscd plug the
asscmbly described in 1. into the socket end of the ex-
tension cable. Take the seven pin plug of the extension
cable and plug it into the socket at the top of the pre-
Cision sounu level mecter.

S, Turn the diamond shapcd kuob from the top ofl to the
battery position. (Nobc the little flashing ligat

~

labeled "Power'".)

4. The meter scale should be labeled '"Precision Sound Level
Meter", which is found at the lower left corner of iie
wiite meter face plate. If the label says "Vibration
Meter'", pull the mcter face plate to the w.ght vi tiuc
meter housing, turn -it over and reiasert.

5. The meter needle should indicate in the w.oite scctuon ol
the lower most scale labeled “"Battery'". 1. the met.:
necdle is not in this white section, the Laltevies . ula
be replacea.

0. Ncar the top of the sound level meter are the two ' e

xnobs. Tune window between the two red lines on tar clicar

rnow should be alignca with the back dot at the righ. of
the two knobs. Turn the lower black knob until the number
120 appears below the window of ticec clear plastic knob.*®

7. Turn the meter switca, which is the larger black knobd
below the black diamond shaped knob, to the position
marked "C".

S. iiold the pistonphone, type 4220, near youlr cir and turn

it on. You will hear o tone. Now move th. switch to
check. You should now hear a tone with nirher pltich,
If this 1s not the case, the batteries oi i.c pistonphone
snould be replaced.

,9.)(‘

[Ye)
’U

lace the precision sound level meter and t..C g6OScnicx
asscmbly 1n an upright position and attach tne pistonphone,
tyne 4220, squavciy and firmly to the microphone car trluve.
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Turn on the pistonpiaone.

Turn the diamond shaped knob to the position marxed
“Fast'". At this poinv zpproximatcely 2 minutes should
nave clapscd. A minimum of 2 minutes, are recuired
for instruaent warm up. 3
. i
The meter ncedle should deflect and be dircctﬁy over
the "4'" on upper-most scale marked from -10 tg 10 and

!

labeled 'dBY. ' §
If the aeter necdle is netg dl;ec*‘y over the "4", 1in-
sert the small screwdrlwe‘, which is taped to the
instrument, into the small black hole labeled "Gain Adj".
Tura tue swcll scrow ingthe small black hole until the
meter ncedle is directly over the 4.

*

Thne weter 1s now calibrated.

wWnile the pistonphone iy still attached to the micro-
DAGae cartricce end turhed off, turnithe meter switch
to the positicn marked "Ext. Filter'. i

3

arge black krdob on the Octave Filter Set,
3 to the position marked '1000".

t
P
v
(@]

Note that

meter needle is completely over to the
lelt.
Turn the black Range knob clockwise as far as it will
g0,0r until you get a reading on the mcter. If you get
a Treuding, the instrument is not functioning properiy
and noise ncasurements should not be taken.

A necdle deflection duc to pumping or movement of the
pistonpuzac shoule nol pe comsidered a valid reading.
a0, LU {L¢ Clieer plastic Ruznge knob counter-clock-
W1S¢ until tihe meter necale gives a reading.

Add The nunoer from the uppermost scalc ol the meter
ToO T.e hu.J;r eppcarinz pelow the window of the clecr



7. Record this number; if this number is over 10/ "dB" do
0T proceed to make noise mecasurements.

8. Turn the clear plastic Range knolb completely clockwisc.

9. Turn the black Range knob until the number 120 appecars
under the window in the clear plastic knob.

.10, Carcfully remove thc pistonphone.

11. You are now ready to make noisc measurements.,

-16-



1.§.2

2.4.

2'b.

Calibration Procedure for the Precision Sound
Level Mcter Type 2200

Remove the Precision Sound Levcl Mcter fron 1ts protective
casc.

If no microphone extension cable is used procede with
step 3.

When a microphone extension cable is used, unscrew the
preamplifier section from the front of the Sqund Level
Meter. ‘

The prcamplifier section consists of the:total stain-

less steel portion, with the exception of a 1/4'" stainless
steel collar which stays attached to the light green
portion of the meter.

Preamplifier Section

Acttach the preamplifier section to the
microphone extension cable.

Attach the extension cable to the Pre-.
cision Sound Lever Meter.

Turn the large knob on the left side of
the meter to the position marked "Batt"
battery check. '

f?i
L

(PP ICIRTI S S

The meter neecdle should deflect in to
the section of the scale marked "Batt®

I
., with a red boundary. If the needle is o |
not within this boundary, the battery t;rf;f—~j
i; wcak and should be changed. (To tiafﬂi}k}%
cihange battery, remove stainless steel = =%

cover on left side of the meter and re-
place the "C" cell battery)

Attach the Sound Level Calibrator Type 4230 to the micro-
phone cartridge.

Rotate the large knob on the right hand side of the Sound
Level Meter until the numbcr 90 appears 1n the window
above the 0dB mark on the meter face.

Turn on the calibrator.

-17-



Turn the knob on the left side of the meter to the
position marked "Fast".

The meter needle should defloct to the 4dB position.

If the meter needle is not over the 4dB Position, insert
a small screwdriver into the little black hole marked
""Scnsitivity Adjustment'" on the back side of the meter.
Adjust until meter neecdle is over the four ma?k.

The meter is now calibrated.

furi the knob on the right side of the meter until the
auaoer 120 appears in the window on the nmeter face.,

Renove the Sound Level Calibrotor Type 4230.

You arc now ready v make Noise Measuremecnts.

[
o
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2 CODE OF RECOMMENDED PRACTICES PROVIDING TEST PROCEDURE
SPECIFIED IN SECTION 17-4,24 OF THE ENVIRONMENTAL CONTROL ORDINANCE

2.1 New Motor Vehicle Noise Measurement

2.1.1 . introduction - The following.test procedure shall be used to deter=-
, minc that the maximum noise emitted by new motor vehicles
offered for sale shall meet the noise limits stated in the Environmental
Control Ordinance: Chapter 17-4.7b. This pr.zcdure includes noise
testing of: (1) Motorcycles, (2) Any motor vehicle with a gross vehicle
weight of 8,000 pounds or more, (3) Passenger cars, motor-driven cycle
and any other motor vehicle. This test procedure is concerned primarily
with the maximum noise produced during acceleration and deceleration

of a passing vehicle. Vehicles that have noise generating auxillary
equipment that may be operated with the vehicle stationary shall also be
tested in accordance with the procedures in Chapter 17-4.8. The
following test procedure is based on Standards and Recommended Practice
established by the Society of Automotive Engineers, Inc. These include:
SAE Standard J331 Sound Llevels for Motorcycles and Motor-Driven Cycles,
SAE Recommended Practice J366 Exterior Sound Level for Heavy Trucks
and Buses, and SAE Standard J986 Sound Level for Passenger Cars and Trucks,

2.1.2  Test Area Selection - The surface over which the test vehicle is

to be operated shall be sufficiently smooth so that abnomal tire
noise is not produced. Nomal concrete or asphalt road syr.cces are adequate.
The location shall be flat open area free of any large refléctive surfaces,
such as signboards, buildings, trees, shrubs, hillsides and pur.<ed vehxcles
within a distance of 100 feet of the microphone and within 100 feet of ‘he
cenferline of the path of the vehicle from the point where the throttle is
open to the point where throttle 7is closed. (Figure 1) The surface within
the measurement area shall be pavement and free of powdery snow, grass,
loose soil or ashes. Sound measurement shall not be conducted when wind
velocity exceeds 12 mph,

2.1.3 Equipment Setup - Calibration and operation of the noise measuring
instrumentation shall be performed by persons trained and qualified
in the techniques of noise measurement and the operation of noise measuring
instrumentation. Instrumentation used in making vehicle noise measurements
shall be selected by technically trained personnel and shall meet SAE
.Recommended Practice J184 Qualifying A Sound Daia Acquisition System.
Connect a 60-foot extension cable between the microphone and rhe sound
level meter. Attach microphone to a tripod and turn the instrument on.
Raise the tripod so that the microphone is four feet (+ one half foot) cbove
the ground. Locate the fripod so that the microphore is 50 feet (+ one foot)

from the centcr of the lane over which the test vehicles are to be operatec.




The nomal to the vehicle path from ihe microphone shall estaiiish
the microphone point'on the vehicle path, (Figure 1). The micio-~
phoric shall be oriented relative to the source of the sound in
accordance with the instrument manufacturer's instructions to provide
o uniform frequency response, Bystanders occupying positions in the
vicinity of the test vehicle or the mIGrOthma vill influence the fesy
results.,  No bystander shall be closer than 50 feet from the mic.u-
phone and the vehicle being tested. Set up the sound level meter
and recorder at least 50 feet from thc noise measuring microphonc.
Connect the output of the sound level meter to the recorder. Scr
the sound level meter to A-Weighting cnd "Fast" meter. Externci
(end-to~end) calibration checks shall be made before and after each
period of use and at intervals not exceeding one hour when the in-
strument is in use longer than this time,

2.1.4 Transmission Gear Seleciion - Passenger cars, light frucks,

and buses that aré equipped with automatic transmissions or
three or four speed manual transmissions shall make test runs as out=
lined in low gear. Vehicles equipped with four speed manual trans-
missions shall make additional runs in second gear. Vehicles wiin
five speed manual transmissions shall be operated in second gear.
Vehicles equipped with an "overdrive™ shall :not make test runs with
the overdrive engaged. Vehicles which reach maximum rated engine
speed at less than 30 miles per hour or before reaching a point 25
feet beyond the microphone line shall be tested in the next higher
gear. Wheel slip that affects the maximum noise level shall be
avoided, :

2.1.5 Vehicle Test Procedure - Sufficient preliminary runs shail

be made to familiarize the driver with the vehicle opera-
tion and to ensure that the engine has re\.ched' normal operating
temperature. Vehicles being tested shall make at least four runs
in each direction with a one-minute wait beiween cach run. Trucks,
truck traciors and buses having a manufacturer's gross vehicle weight
rating of 8,000 pounds or more shall be operated under the condirion
of loud, acceleration, deceleration and gear selection that is found
to produce the maximum noisc emission at speeds up to 35 mph.
Passenger cars, light trucks, truck tractors cnd buses having a manu-
facrurer's gross vehicle weight of less than 8,000 pounds shall pro-
ceed down the test lane @b @ consicar approach speed of 30 mph,
When the front of the vehicle reaches line A or AA (Figure 1), «
wicde open thretrle will be coplied. A wide open throttle shall be
mcinfc?ncu‘, provided maximum ratcd cngine specd is not exceeded,
until sz reer of the vehicle has passed line B or BB (Figure 1).
Waen err.?:c oversgeed occurs or wnen vehicle recches line B or BB,

relecse throtric,




Motorcycles shall follow the procedures outlined in the paragraph
above except that they shall procced down the test lane at a
steady speed corresponding to either an engine speed of 60 percent
of the speed at which the engine developes maximum horsepower,
or at 30 mph, whichever is lower. In most cases operation in
second gear will meet this requirement,

2.1.6 Deceleration Test - Deceleration tests need be conducted
. only when there is an indication that the deceleration
noise might exceed the acceleration noise. When conducting a
deceleration test, the vchicle shall proceed along rhe test path
in the gear which was used for accc.erciion tesi and at @ con-
stani approach speed equal to the maximum ratca cngine speed.
Whren the front of the vehicle reaches a poin: 25 {eet oeyond

a line through the microphone, the throitic hu. e closed as
rapidly as possible.

.

2,1.7 Reporting Test Results = The sound level readings for

determining compliance of new motor vehicles with
Chopter 17-4.7b shall be obtained by mcking at least four
measuremenis for each side of the vechicle., The reading recorded
shall be the highest dB(A) sound level obtained as the vehicle
passes by, disregarding unrelated pecks due to extraneous ambient
noises. The A-Weighted sound level (with fast meter response)
for each side shall be the average: of the two highest readings on
that side which are within 2 dB of each other, The noise' level
reported for the vehicle shall be the sound level of the loudest
side of the venicle, Obvious vehicle malfunciion shall nullify
the rest. Mcasurements shall be made only when the A-Weighted
“ambient sound level, included wind effects, due to all sources
other than the vehicle being mcasured is at least 10 dB{A) lower
than the sound level of the vehicle.
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3 CODE OF RECOMMENDED PRACTICES PROVIDING TEST PROCEDURE
SPECIFIED IN SECTION 17-4,25 OF THE ENVIKONMENTAL CONTROL O«DINANCE

3.1 Motor Vehicle Operation Noise Measurement

3.1.1 Introduction - The following test procedure shcll be used for
detemmining noise limit compliance as stated in Chapter 17-4.7¢,

This test procedure describes the rechniques for detemning the noise

level of vehicles in use.. This procedure is based on Standards and

Recommended Practice estab lished by the Society of Automotive

Engineers, Inc.

3.1.2 Test Site - Only highways that are paved with concrete or
asphalt shall be selected for noise measuring sites. The sur~
face shall be free of standing water., The preferred location shali
be an open area free of large reflective surfaces such as signboards,
buildings, bridges, solid fences, hillsides, or parked vehicles. This
open area shall include a T00-foot radius of the microphone and a
paint where the microphone line intersects the center of the vehicle
sath at 90°, (Figure 1). The surface of the ground between ithe
microphone and the path of the vehicle shall be free of stcndmg
water, alihough shrubbery, or grass are permitted., ?

3.1.3 Alternate Test Site = The meter reader and ail other persons
shall be 50 feet to the rear or side of the microphone. No
other peison or vehicle shall be pemiited in the vicinity of the micro=+
phone. The preferred location described above meets ine requirements’
of SAE Siandard J986, J331 and Recommended Practice J3566. Howeyver,'
there are very few possible sites in Chicago that can meet the open:
area requirement of the SAE Standards. Studies and experiments conx
firm that large reflecting surfaces within 100 feet of the vehicle or
noise mecasuring microphone do indeed affect the noise test results. If
the roadwey is raised relative to the surrounding area; the measured
noise levels are always low provided there are no large reflecting
surfaces nearby. If the roadway is depressed or if there are large
reflecting surfaces nearoy, the measured noise levels are consistently
high, relative to results obtained at large flat open areas. Siie
locations containing large reflecting surfaces shall receive a noise
level tolerance according to the following table:

Site Selection Tolerance Correction Factor

Minimum distance between reflecting dB(A) correction factor
surface and vehicle or microphone to be added to maximum
at time of maximum noise reading pemitting noise limit

100 Feet ' ‘ 1/2 dB{A)

50 . | ]

25 - 2



12 3

(93]
(€}

The cbove correction factors cpziy to either the venicle or noisce
mecsu,ing microphone and they aie accitive if there are reflecting
suric.ces on both sides of the ro*'dwoy The cbove correction factors
are for veriical reflecting surfaces with dimensions of at least 20 feet
x 20 tcer (ive., a 2 sfory house). For solid vemccl surfaces less
than 10 feet high or a sloped surface of less than 45°, ieducc ihe
corrccticn factors to half the value shown in the table. The nelgs
or the n.f ccting surface is relative to the roadway elevation. No
mecsurements shail be made within 100 feer of an underpass or over-
pcss.

3.1.4 Noise Measuring Instrumentation - Persons selected o con-
duct noise measuremenr testing or to measure the noize level
of vehicles operared an a public right-of-way shall have becn trained
and cualified in the techniques of sound measurcment and the operarion
of sound measuring instruments. lnstrumentation used in making vehicle
noise mcasuremenis shall be selected by tecnnically trained personnel
and sna.! meet SAE Recommended Practice J184 Quealifying a Sound
Data Acqu:s:.‘xon System. Conncct a 60 foot exicnsion cable between
the mic:oshone ond sound level meter, attached the microphone to a
fripod ¢aa rurn the instrument on. Place the microphone and tripod

44 icer e the ourer paved edge of the traffic line,




This measurement is based on a 12-foot lane so that the meter
should be located 50 feet from the center of the lane traveled.
If the lane is of a different width, adjust the measurcment
accordingly so as to comply with the 5C-foot requirement. The
microphone shall be positioned four feet (% one half foot) above
the surface of the ground. It shall be oriented reiative to the
source of the sound in accordance with the instrument manufact=
urer's instructions to provide a uniform frequency response, Set
up the sound level meter (and a graphic level and/or magnetic
tape recorder if a peimanent record is desired) about 50 feef to
the side or behind the microphone., Connect the output of the
sound level meter to the recorder. Set the sound level meter
to A-Weighting and "Fast" response., An external calibration
check shall be made before and after each period of use and
at intervals not exceeding one hour when the instrument is in
use longer than this time., The reading recorded shail be the
highest noise level obtaingd as the vehicle passes by, disre=
garding unrelated peaks due to extraneous ambient noises.
Measurements shall be made only when the ambient noise level
due to all sources other than the vehicle being mcasured,
including wind effects, is at least 10 dB(A) lower than the
level of noise being measured,

3.1.5 Reporting Test Results = Prepare a calibration log and
checkoff list. This form shouid be filled out as

completely as possible each time an instrument calibration is

made, The completed form should be filed for use as evidence,

3.1.6 Noise Level Tolerance - Allowances are nccessary due

to unavoidable variations in measuring sites, test equip-
ment temperature, and wind gradients. Vehicles specified in
Chapter 17-4.7¢ shall not be considered in violation unless they
exceed the statutory limit by more than 1 dB(A). This 1 dB(A)
tolerance is in addition to Site Selection Tolerance.

i
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4 CODE OF RECOMMENDED PRACTICES PROVIDING TEST PROCEDURE
SPECIFIED IN SECTION 17 4,26 OF THE ENVIRONMENTAL CONTRGL ORDINANCE

4.1 Engine-Powered Equipment Noise Measurement

4.1.1 Introduction =~ The following test procedurc shall be used

to dotemine that the meximum noise emitted by engine-
powered equipment offered for sale shall meet the noise limits stated
in the Environmental Control Ordinance: Chapter 17-4.8. This
procedure includes the noise testing of construction equipment, in-
dustrial machinery, agricultural equipment, engine-powered equip-
ment and pneumatic powercd equipment. The noise tesr procedure
is based on the SAE Standard J952b entitled Sound Levels for

Engine Powered Equipment,

4.1.2 Test Site - The jest area shall consist of a flat open space
free of any large.reflecting surfaces such as a signboard,
billing, parked vehicles or hillside located within, 100 feet of either
the microphone or the equipment being measured (see Figure 1}.
The location or path of equipment travel shall be concrete, asphalt,
or similar hard material except for moving tests of stee!l wheel or
track-type mobile equipment which shall be hard-packed dirt. The
surface shall be free of standing water or snow,

4.1.3 Noise Recording Instrument - Persons selected to conduct
the noise measurement testing described below shall hcve
been trained and qualified in the techniques of sound measurement
and the operation of sound measuring instruments. Instrumentation
used in making noise measurements shall be selected by rechnically
trained personnel and shall meet SAE Recommended Practice J184
Qualifying a Sound Data Acquisition System. Connecta &0ft extension
cable between the microphone and the sould level meter. Attach
microphone to a tripod and turn the instrument on. Raise the tri-
pod so that the microphone is four feet (+ one half foot) above
the ground. For mobile equipment locate the trigod so that the
microphone is 50 feet (L one foot) distance nomdl from a major
side surface along a path of straight line travel. For stationary
"tests locate the tripod so that the microphone is at a distance of
fifty feet (£ one foot) from the four major surfaces of the equip-
ment. Generally four major surfaces refer to front, rear, and
sices of an imaginary box that would just fit over the machine
bur coes not include attachment items such as buckets and booms
(sec Figure 2). Tne microphone shall be oriented relative to the
source of the sound in accordance wirh the instrument manufacturer's
instructions to provide a uniform frequency response.  When using
a wiacscreen if should be calibrated for the type of noise source
being mecsured and data corrected if aecessary. It is recommended
thet mecsurements be made only when wind velocity is below 12 mph,




Set up the sound level metar ond/or recorder at least 50 fect
from the noise measuring microphone., Connect the output of
the sound level meter to the recorder, if used. Set the sound
level meter to A-Weighting and "Fast" meter, Measurements
shall be made only when the ambient neise level due te all
sources other than the vehicle belng measured, including wind
cifects, is at least 10 dB(A) lower than the level of noise
being measured. External {end-to-end) calibration checks
shall be made before and after each period of use and at in-
tervals not excceding one hour when the msfrument is in usc
ionger than this time,

4.1.4 Equipment Operctions - STATIONARY TEST - Operatie

the stationary equipment at the combination of load
and speed which are typical of its normal use and produce tne
maximum sound level without violaring the manufacturer's opera-
tion specifications. For stationary test of mobile equipment the
engine shall be operated at maximum nomal citainable speed
with no load. Pneumatic equipment shall be operated as specified
in CAGIPNEUROP Test Code for the Measurement of Sound from
Pneumatic Equipment prepared by the Compressed Air and Ges
Institute. STEADY-STATE MOVING TESTS - Mobile equipment
shall be operated in an intermediate forward gear over a pcth of
travel typical for its operation wirh the engine at its rated speed
and load, The load can be obtained with eny combination of
rolliag resistance, bleding, drag load, or vehicle brakes. Inter=
mediate is intended to mean third gear for machines with five or
six gears, etc, Hydrostatic or electric drive equipment will be
. operated at one-half their meximim ground speed and rated engine
load. If the condition of rated engine speed at lcad cannot be
obtained due to stall (for instance as on some loaders), wheel slip,
or other reasons, the equipment shall be operated in the same
intermediate gear at maximum attaipable engine speed and no locd.
ACCELERATION TESTS - Only rubber-tired mobile equipment is
nomally roaded between job sites and does not require special over-
widih or over-weight pemits for roud iravel should be run through
the acceleration test. The path of equipment travel for this test
shall be concrete, asphelt, or similar herd material. The mobile

eqguizment should cnn wch line E neaded foward line M in Figure

i 2 G osicady speew ui JU fapa Or inree-quariers of @ maximum
spced , whichever 1v fower. Where alterncre forwcrd drive positions
arc cvaiicble thar pesition that results in rhe highesi mean cccelera-

-

ticn of the vehicle between Line £ and Line W should be selected.
Wren the front of the vchicle reaches Line E rhe throttle is fully
sened as rapidly as practicable and held there until the reer of

the vehicle reaches Line W and then the throttle is closed as rapiciy.
as sossible.

o



Ecoipment that has major noise gencrating machincry, such as
cicvcting scraper, combine or field curter, shall have this
machinery in operction during the STATIONARY AND STEADY -
STATE MOVING TESTS.
4.1.5 Noise Test Procedure - For stationary tests record the
highest sound level obtained at o distance of 50 feet
from the four major surfaces of the eguipment. Because of the
interference between dircct sound waves and those reflected
from the ground, large errors may occur when strong discrete
frequency components are present. Tesis shall bc made by
moving the mlcrophonc VCr‘lCGH/ oporoxxma.cly = 2 feet at
each location where strong discrete frequency components are
suspected. The maximum value of the sound level cbserved
during this test will be the value reported. This discrete
frequency component test is the only condition where a by-
stander is permf.‘cd near the noise mc\;su*mg microphone. His
position should be to the side of the microphone relative to
a line between the microphone and the equip’neni‘ under test.
For mobile equipment, take mecsurements at 50 feer distance
normal from a major side surface along a paih of straight line
travel. Wirhout changing microphone location, repeat the
above procedure in opposite direction of travel. The applicable
reading will be the highest sound level obicined from the equip=
ment as it moves along the line of pain travel (see Figure 1).
Observations for each test condition shall be repeated until the
number of readings ecuals or exceeds the range in dccxsc—:lo of
the A-Weighted sound levels obtained. At least {four measure-
ments shall be made. Readings more than 6 dB(A) below the
maximum reading for each test condition shall not be considered
valid, The overages of all valid recdings shall be reported as
the sound leve!l of the particular equipment being tested for that
parricular test condition, These results will be considered in
complicnce with noise limits in Chapter 17-4.8 provided the
eguipment or machinery does not produce impcct or percussive-
type noise. If the noise is predominently impact, impulsive,
or percussive, the equipment or machinery is not considered in
compliance unless the mecsured noise levels are of lecsr 5 dB(A)
below the noise level ll.nns in Chepter 17-4.8. Note: To be

’

sloseiTo @s i i, ive hulve or sercussive noite, an individua!
i ation cf less than 0.25 second measure
a ch the instantaneous sound pressures
nave o value equa! to ons-half of the peck value. If the noise
; tion rate of the burst must be less than 5
; e of the peak pressure levels
1C consceutrive bursic in the tains must be more than 15 d53
r

und pressure level in the presence
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S CODE OF RECOMMENDED PRACTICES PROVIDING TEST PROCEDURE
SPECIFIED IN SECTION 17-4.27 OF THE ENVIRONMENTAL CONTXOL ORDINANT

3.1

Zoning District Boundary and Property Line Noise Measurement

5.1.1 Introduction = The follewing test procedure shall be used to
determine the noise levels along district boundaries, along
property lines or other locations discussed in Chapter 17-4.12, 4.13,
4.14 and 4.20. The procedure pemiits the use of a hand-hcld
sound level meter to perform noise surveys with limited accuracy
and describes more detailed measurement technigues for determining
noisc levels in octave or narrower frequency bands with high cccuracy.
Persons selected to conduct the noise measurements described below
shall have been trained and qualified in the rechnicues of sound
measurement and the operation of sound measuring instruments. The
selection of sound measuring instruments and the mecsurement rech-
nique are discussed in detail in the Chicago Department of Environ=-
mental Control Code of Recommended Practices: Methods of Measuring
Noise Levels. .
5.1.2  Noise Measuring Instrumentation - Survey Method: The in-
strumentarion for cenduciing a noise survey shall conform
with ANSI Standard S1.4-1961 Specificarion for General Purpose
Sound Level Meters or IEC Standard 123-1941 Recommendations for
Sound Level Meters. The meler shall be set for "Fast" response and
the A-Weighred network. Precision Merhod: Instrumentarion for
making cccurate noise level measurements reguired cboratory cuality
instrumentation meeting the following standaras:  ANSI Stendard

. S1.4-1961 Specification for General Purpose Sound Level Meters.

ANSI Siendard $1.12-1967 Specifications for Laboratory Stendard
Microphone. ANSI Standard S$1.11-1966 Specifications for Ociave,
One-Half Octave and One-Third Octave Band Filter Sets. 1EC
Standard 179-1965 Precision Sound Level Meters. 1EC Stendard
225-1966 Octave, One-Half Octave end One-Third Octave Band
Filters. Intended for the Analysis of Sounds end Vibrations. SAE
Recommended Practice J184 Qualifying a Sound Data Acquisirion
System. The precision method may be used to measure A-Weighted
noise level, octave, one-third octave band frequency analysis, or
narrower fregyency band analysis when deemed necessary. The "Fast"
meter resgonse or equivalient shall be used on the sound level meter
or other read-out device. It is essential that technically qualified
personne! select and calibrete the instrumentation and that all fesis
be conducred only by persons trained in the current techniques or
rnoise measdrement,



5.1.3 Noise Measurement Procedure - Noise measurements

shall normally be made with microphone positioned
four feet & one half foot above the ground. Other micro=
phone heights may be used if they prove to be more practic~
able as, for example, in moking measurements near an open
window; the microphone shall be centered or: the open window
and outside at a horizontal distance of one to two: feet from
the plane of the windew, All micrephone positions shall be
deserlbed in the recording of the dota. THe microphone shall
be oriented relative to the source of noise (if any) in accord-
ance with the instrument manufacturer's instructions to provide
a uniform frequency response, Site locations containing large
reflecting surfaces shall receive a noise level tolerance accord-
ing to the followmg table:

Site Selection Tolerance Correction Factor

Minimum distance between reflecting dB(A) correction factor
surface and vehicle or microphone . to be added to maximum
at time of maximum noise reading pemitiing noise limit
100 Feet - 1/2 d3(A)
50 i | 1
25. | N 2
12 : ' 3
6 4
3 i 5
] | o

The above correction factors apply to either a single reflecting
surface and becomes additive if there are reflecting surfaces on
both sides of the measurement microphone. The above correction
foctOrs are for vertical reflecting surfaces with dimensions of at

+ 20 fect x 20 fect (i.e., a 2 story house). For solid ver=-
HCuI surfaces less than 10 feet high or a sloped surface of less

than 45°, reduce the correction factors to half the value shown
in the .cble. Measuremenis shall be made only when wind vel-
ocity is below 12 mph, If a wind screen is used it should be

calibrated for the type of noisc being measured and the data
corrected, if necessary,



Because bystanders may have an appreciable influence on the
microphone response, the instrument manufacturer's specifica-
rions for location. of the observer relative to the microphone
(mcter) shall be followed. Insirument manufacturer's recom -
mended calibration practice of the instruments shall be made

at the appropriate times, Field calibration should be mude
immediately before and aftar cach complete test, Detailed
discussion of the measurement of steady and non-steady noise’
is contained in Section 7 of Methods for Measuring Noise .
Levels. Techniques for correcting the mesured data for ambient
noise are described in Section 8 and the information required
for the reporiing of noise measurements is contained in Section 9.

5.1.4 Noise Level Tolerance - Tolerance or limits of accuracy
hcve nor been esteblished for the Precision Method of -
Noise Measurement, Noise level measurement errors can be reduced
to one &8 by following the procedures as outlined in Methods
for Measuring Noise. Technigues are descrived in this Code of
Recommended Practices for determining the frequency and level of
cudible discrete frequency components that may be 10 dB to 20 d3
below the measured A-Weighied noise level., Noise ther contains
predominant discreie frequency components is not considered in
compliance unless the measured levels of rhe discrete frequency
components are at least 5 dB below the statutory limit. Noise
thar is predeminantly .impact, impulsive or percussive is not con-
sidered in compliance unless the measured levels are af least 5 dB
below the statuiory limit. Note: To be classified as impact, im-
pulsive or percussive noise, an individual burst must haye a dura-
tion of less than 0.25 second measured between the instants at
which the instantanecous sound pressures have a value equal to
one~hali the peak valve. If the noise is repetitive, the repetition
rate of the bursts must be less than 5 per second and the arithmetic
average of the peak pressure levels of 10 consecutive bursts in the
train must be more than 15 dB above the unweighted (ms) sound
pressure level in the presence of the impulses. The mecsurement
of impact noise (ofren not suitable for measurement by a conventional
sound level meter) is described in Methods for Measuring Noise.




6 CODE Of RECOMMENDED PRACTICES PROVIDING TEST PROCEDURE
SPECIFIED IN SECTION 17-4.28 OF THE ENVIRONMENTAL CONTROL ORDINANCE

6.1 Recreational Vehicle Noise Measurement

6.1.1  lIntroduction - The following test procedure shall be used
to determine that the maximum noise emitted by new
motor-driven recreational or off-highway vehicle offered for sale
shall meet the noise limits stated in the Environmental Control
Ordinance: Chapter 17-4.22a. This is for vehicles not subject
10 registration. This procedure includes noise testing of: snow- ;
mobiles, go-carts, mini-bikes, dune buggics and ali terrain vehicles. -
This test procedure is concerned with the maximum noise produced
during acceleration and deceleration of a passing vehicle measured
at a distance of 50 feet, The following test procedure is based on
Standards and Recommended Practice esiablished by the Society of
Automotive Engineers, Inc, These inciude: SAE Standard J331 Sound
Levels for Motorcycles and Motor-Driven Cycles, and SAE Standard
J986 Sound Level for Passenger Cars and Light Trucks.
6.1.2  Test Site - A suitable test site is a level open space free
of large, reflecting surfaces such as parked vehicles, sign

boards, buildings, or hillsides locaied within 100 feet of either
the vehicle path or the microphone. (sece Figure 1). The microphone
shall be located 50 feet from the cenicrline of the vehicle path
and four feet above the gound plane. The nomnal to the vehicle
path from the microphone shail establish the microphone point on
the vehicle path, A starling point before the inicrophone point

. shall be established on the vchicle path. An end point shall be
established on the vehicle path 50 feet beyond the microphone
point. The measurement area shall be the triangular area formed
by the maximum engine rpm point (see vehicle operation procedure
below), the end point, and the microphone location, During
measurement, the surface of the ground within the meaurement area,
including the vehicle path, snhall be covered with vegetation not
excecaing 3 inches in heighr. The reference point on the vehicle,
to indicate when the vehicle is at any of the points on the vehicle
path, shali be rhe front of the vehicle,

6.1.3. Vehicle Operoiion Procciure = Full throttle acceleration
tesi as specificd below is the basis {or establishing maximum
noisc capability of the vehicle. A starting point and maximum
engine specd point must oe deteriined for use during measurements.
The starting point for the vehicle is established by carrying out a
reverse direction procedure as follows: From a standing start at the
microphone point rapidly cstablish wide-open throttle and allow the
vehicle to accelerate until maximum engine speed is reached.




- L~

MINIMUMN U;\'lDIR&E"l]O?-I:’\.L TEST SITE
Max. Engine End_
/ ‘ RPM Point Point .
- - . .75 ft ) Zone in Whic
' ) ’ Y &/,,fto.Maintain
: R Maximum Enginc
' ! - RPM \
[t 25 50 =
e~ -.—»..fi,;.._._ ft- . R
'D ?
VEHICLE PATH AND ; —+. ACCELERATION LANE

pIRECTION 44 TN TN * 7 \\ ey

4 \
\
\ ,
- . \ ’ .
\ 100 Ft. Radius
100 Ft, [Radius - 1/ . \\\\\v
. ) M / h Microphone
Starting icrophone " Point
Point

Measurcnent
Atea

100 Ft. Radius

™
e W

Nﬁ““" 2713 v T

JLaoURE ]

—— e



OERR A For years
'f iti public offi-
] clals in
jH
.n-.__.\l wid B LL', Rome have

pleaded--unsuccessfully--
with fellow citizens 1o
reduce noise.

Last month the Rome daily
newspaper "1l Tempo" fired
a warning salvo that may
finally get some atiention:
Noise, the newspaper re-
rorted, appears to reduce
virility. The effect, says
the paper "also includes
impotency.”" It is still too
early to tell whether
this affront to sexuality
has curbed the Roman
decibel,




[. Importance of hearing

A, It is not untll we lose some of our sensory cépabilities
that we realize how remarkable they are-and how little of

the "real' world.exists for us without them.

B. Hearing

1. Lower animals-can mean the diff betw life and death.
locating prey .
protection

warning

2. Man - also some primitive functions

but pleasure also

Important role in sequence of activities we call the speech chain

7

>

//ﬂ&tl‘ Sound
useles whves

1. Anatomy and Physiology

A. General function-physical function of the hearing sense organs
is to receive acoustic vibrations and to convert them into
signals suitable for transmission along the auditory nerve toward
the brain., Complex Processing of these signals in the brain

creates the perceptual world of sound.



B. Let's walk through the ear

].

OQuter = Middle = inper:
Outer ear
Auricle-ear canal-eardrum
Auricle - in animals used to channel and localize sound.
Similar function in man but to very limited extent
EAR_CANAL - air filled passage-about one inch long - closed
at one .end by eard%um- open at other to @utside.
Sound waves travel to earqum;}
Acts as acoustic resonator-Amplifies sound waves at freq.
near its reéonating freq. (3-4000 Hz)- may be 2 to 4 times
grater pressure at eardrum than at entrance.
serves to protect eardrum from physical damage and changes

in temp. and humidity.
EARDRUM (TYMPANIC MEMBRANE)

Separates outer and middle ear.

2.

Middle Ear

-Chamber is cavify in bones of skull

Ossicular ChaiQ:—

3 small bones - connected

Malleus (hammer) - attached to eardrum-covers over 1/2 of
drum area - receives motions of ear drum transfers to
Incus (anvil) - which is connected to the Stapes (stirrup)

footplate of stapes covers OVAL WINDOW- entrance to inner

ear.



2. FUNCTIONS

Inereasas the amount of acoustlc energy entering fluid filled
inner ear,

-to proteét the inner ear from extremely loud sounds- by using
some antagonistic muscle actions - but unfortunately this does
not accur instantaneo;;ly - and sudden loud sounds (gunshot)
can cause permanént;damage.

.

Eustachian Tube

3. Inner Ear

a small intricate system of cavities in the bones of the
skull

One cavity - coiled like a.snail's shell - THE COCHLEA - acco

modates the important transformation from mechanical vibrations
to nerve impulses,
Cochlea divided - 2 distinct regions - by a membraneous struc-

ture called the COCHLEAR PARTITION -the interior of this partli

tion forms a 3rd region.

OVALWINDOW - or entrance to inner ear - on this side of C.P,

]ies the SCALA VESTIBULI - on the other side is the SCALA

TYMPANI.

Both are filled with PERILYMPH a fluid almost twice as viscous

as water.
An opening in the apical end of partition allows perilymph to

pass freely betwean two scalae - opening called HELICOTREMA,

At the basal end of the cochleathe Scala tympani ends at the
sound window- a membrane covered opening that leads back into

middle ear. (accom., flow of fluid-pressure) release allows

room for vibration.



3
COCHLEAR DUCT (center of partition) sound vibrations - which

ceuse pressure variations in fluid- causes whole partition to
vibrate)=-
filled with ENDOLYMPH - highly viscous-jelly 1like-

Reisners Membrane - forms boundary between S.V. and duct

BAS ILAR MEMBRANE - separates duct from S.T.

bony shelf extends out of core central of cochlea - one end

of basilar mem. is connected - other end conn. to Spiral liga-

ment which coils along outside wall of cochlea.

B. M. very narrow at basal end near oval window and quite
stiff and light.

most lax and massive at helicotrema.

Mechanical properties relate to pattern of excitation

For. high freg.-vibration in partition is highest near oval

window:visa~- versa

We still have not converted the mechanical motion of the basilar
membrane into electro-chemical nerve symbols that can be transmi-

tted to brain.

The ''‘converting" organ = The Qrgan of Corti - is made up of many

minute hair cells

One end of each cell rests on the basilar membrane-and the other

end is inbedded in the Tectorial Membr.

L Rows of hair cells

1 row-inner

3 rows- outer

about 3500 inner cells
20,000 outer cells

These cells~- in response to vibrations of the basilar membrane-and



hair cells are transmitted to the related nerve cells (hair
cells receivé =P nerve cell)= and transfered into electro-

chemical energy-

Transmitted along auditory nerve to brain where perceived as

sound-

{11 Audiometry
Hearing is usually measu;ed using a pure tone audiometer
(Demostrate Audiometer and audiogram air and bone conduction)
Results are recorded on an audiogram
Measure:
A. Frequency
125 Hz to 8000 Hz

(range of useful hearing for human ear is 20 to 20,000 Hz

at peak)

B. Intensity

decibel -

Audiometric 0 - arbitrary sound pressure level - theshold

of hearing for '"average-normal ear as conducted during a

health survey of a US, Public health service in.1936-37

ASA adopted 1951

(Mention IS0 (1964))

European studies - lower levels

Sound pressure levels in db re 0,0002 dyne/cm2 for audiome-

tric O (ASA and 1S0)



Frequency ASA 1S0 diff. shown on audiogram

125 54,5 db  45.5 |
250 39.5 24,5 add # to

500 25.0 11.0 i threshold .

1000 16.5 - 6,5 for 1S0 (from | .
1500 (16.5) 6.5 ASA),

2000 17 . 8.5

3000 16 7.5

L0oo 15 . 9 .

6000 17.5 8

8000 21 9.5

" Audiometer should alwayslbe checked to see whéther calib. is to

ISO or ASA

Frecuency = psycholhgicaﬁ correlate of pitch

Intensity = ]oydnesé,l/ \
eg.

0dB = sound barely perceptible (IhrgsholQof_hearhg)
20 dB- average whisper - L ft froT_igggkef
4O dB- level of night noises in city.
70 dB- normal conversation at a distance ofi3 ft.)
90 dB- preqmatic“dfilLIO fit. away |
115 dB- hammer.ing.on.,a steel plate; 2,ft. away
120 dB- thresholdof. feeling .. ;
140 dB- pain , Ly

Another reference point, - hearing loss

20-40 dB. . .mild
LO-60 dB moderate



60-75 severe
75-100 profound
Important speech frequencies for speech are 500, 1000, 2000

a mild loss through these frequencies may beidisabling

Hearing Testing in and industrial program

1. Reference Audiogram
A. Room = properly so@nd treated-
That is - so that a normal - hearing }jistener can respond
to all test tones from 250 Hz - 6000 Hz at a hearing level
of 0dB-
Can be accomplis hed if

If the band levels in room do not exceed:

LO dB - for : 150-300
300-600
600-1200
L8 dB for 1200-2400
, 57 for 2400-4800
and 67 for L800~9600

B Audiog. should include thresholds by air conduction for
250, 500, 1000, 2000, 3000, 4000 and 6000 Hz
3000cps(not always used in regular thereshold testing) is
included because some states in U,S. include if in compu-
ting percentages of hearing loss - and aiso a loss at 3000
cps is know to affect discrimination of speech materials

under conditions of difficult listening.

6000 is the highest frequency tested as results at 8000 are
comparativély unreliable.

C Audiometer

Usually a standard pure tone audiom., - results often obtained




by industrial nurse
(Zenith - Maico - Bgl;pne) popular brands’ ‘
May be obtained by use of automaticiggdngeEryj
Subject pushés a botton and results are automatically
recorded ;
( RUDMOSE )
- as described inv
James F, JJerger , ed.
(1963) Modern Deveiopments in Audiology~Academic Press

New York, N.Y,

- -

For all new and current employers - esp. if working under hazardous

noise conditions.

2. Monitoring
First within 90 days
- If no change at any freq. of more than 10 dB - thenfyearly
monitoring B
Since 4000 cps is most sensitive to sound-

monitoring may be done of that freq. only.
NOISE INDUCED HEARING LOSS

All in our modern society exposed to noise- possible that our
daily exposure to ordinary environmental noise contributes to

the of our hearing mechanism,

Presbycusis - sensori - neural hearing impairment often attri-

buted to advancing age - was called Sociocusis (re: sociologi-

cal) - as there is evidence to suggest that primitive tribesmen

in Africa - do not show any appreciable decrease in hearing

acuity with advancing age. '



l. Acoustic Trauma

- sudden loss of hearing -

due to blast, explosion - etc

May cause ruptured ear drum as wei] as perménent damage

to the hair cells in the Organ of Corti

2, Noise Induced Hearing Loss

- your main concern

A. Amount of heéring impairment incurred from noise
exposure is proportional to the intensity of the sti-
mulus and the length of the exposure
- Also- consider individual susceptibility - no reliable
tests for susceptibility - but anyone showing dip at
LO0O cps should take precaution in noisy situations.

B. Loss associated with noise exposure is sensori-neural
(as apposed to conductive)-and cochlear in origin.

Usually begins with a dip or notch in Audioégéﬁ at L00O
Gradually shows a deepening and widening notch.

(use audiogram for demonstration)

C. Temporary threshold shift'vgtPermanent Thrshold Shift
TTS- after short exposure to noise - notch in audiogram
may disappear after period of pest - some hair cells
become fatigued but are not damaged permanently
TTS may be induced with as little as 15 min of expo-
sure to intense noise.

After continued exposure-

¥
H

LOOO caps - notch begins to widen - bqaring_losg_\
eventually does not recover after rest - becomes

Permanent Threshold Shift.
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Noise induced hearing loss can occur without the affected

individual being aware that his hearing is beaing damaged-

Noise-sound is not uncomfortable (painful) until if reaches

120 - 140 db - but sounds much lower can produce damage

Also - early damage usually does not inciude speech
frequencies - 5-1-2000 cps

only when notch w{aens (].e.;to include 2000) is there any
noticeable affect on speech"; by then it may be too late to

reverse damage.

3. Other effects of noise
Interference with communication leporfantwjf safety is con
'cerned).
Psychological effects

Interference with production rates, etc.

EAR PROTECTORS -
foo by PEERTEE IR TR

Most effective - to control noise at the source

If this is impossible = use ear protectofs:..i:i i+ ...

B ) R

Two types

1. Inserts Co D e o

A. disposable - such as wax- impregnated cotton

B. or of rubber or neoprine e

- these are usually made.in 5 or 6 sizes as 'the must
fit the ear canal snugly to be effective -

may require a diff size for each ear.

Inserts should be fntted by a tralned person - to. insure
' o ,: L o e .

propersize se]ectnon.
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Can be uncomfortable difficult for supervisor to check '

at a glance

2. Muffs
do not require special fitting
May be more comfortable for long wear.

Somewhat more efficient than inserts.

disadvantages = may not get a tight seal when wornfwith
glasses - are verﬁ hot if working in é warm area.

- Some muffs come with liquid filled seals that increase
attenuation

- May be fitted with helmets that prctect the whole head.

- May be used as cutions' for earphone: and serve a dual
! .

purpose.
C. In conditions of extreme noise
maximum attenuation is provided by the use ¢f ipserts ana
muffs. .
(sée chart)
Difficulties in getting employers to cooperate - almost has to

be a mandatory program

WAENING - Dry cotton is almost useless ‘as':an ear protector.
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CAPITULO

DISPOSICIONES GENERALES



ARTICLLD L.-

La contaminacibn ambiental proyvocada por la emisién de
rurdos de fuentes¢artichialcs guxd objeto de preven -
ciébn v control por parte del Estado, constituyendo un-
servicio de orden plblico y de interés social. '

ARTICULO 2.-

Este Reglamento es de observancia general en toda la -
Repiblica y su aplicacibn para exigir el cumplimiento-
de las obligacicnes que impone, a cquienes provocan la-
emisibébn de ruidos, corresponde a:

I.- El Consejo de Salubridad Gencral.
II.- La Secrectarfa de Salubridad y Asistencia.

III.~- Los Ejecutivos de los Estados y el C. Jefe -
del Departamento Central. '

IV.- Las dem&s autoridades a que se rcfiere el Gl-

' timo parrafo del Artfculo 5o. de la Ley para-
Prevenir y Controlar la Contaminacién Ambien-
tal, en el &mbito de sus respectivas competen
cias.

ARTICULO 3.-

En lo no previsto pof este Reglamento, la Secretarfa -
de Salubridad y Asistencia dictard las disposiciones -
técnicas y las normas de observancia general obligato-
ria a que se deberdn sujetarse las personas fisicas o-
morales, de carécter piblico o privado, que posean, -
instalen u operen fuentes emisoras de ruidos. :

Las demé&s autoridades encargadas de la aplicacibn de -
este Reglamento, dictardn los instructivos, circulares
y ordenamientos especiales necesarios, y en general, -
realizarin los actos de autoridad y de servicio conve-

nientes para proveer a su exacto cumplimiento.
3]

LRTICULO 4.-

La Secretarfa de Salubridad y Asistencia en coordina -
cibn con las demds autoridades correspondientes podrd-



roestringir, y adn prohibir, el uso, .aprovechamiento u-
operucitdn de fuentces productoras de ruidos, o la con -
ducta que los provogue. R o o

ARTICULO 5.-

La Secretarfa de Salubridad y Asistencia en coordina -
cibn con las demds autoridades competcentes serd la en-
cargada de: o

I.- La planeaci6n dé'investigaciones y el estudio

sistemitico de la contaminaci6n ambiental por

, ¥uidos para 1la observacibdan de sus efectos mo-
lestos o peliyrosos en las personas.

II.- El estudio y disefio de programas y normas que
deban ponerse en préctlca para prevenir y con
trolar las causas de contam1nac16n ambiental-
por ruidos.

III.- El1 control de este tipo de contaminacibén exis
tente, en zonas urbanas y suburhanas.

)

La aplicacién :de las medidas conducentes para
prevenir la contaminacién ambiental por rui -
do, ya sea indistrial, comercial, derivado -
del trdnsito, .doméstico, o de cualquicr otra-
naturaleza. - O ‘ SR

! ' -~

Iv.-

V.~ La supervisibn y vigilancia necesarias para -
prevealir y controlar la emisibn de ruidos.

Vi.- La aprobacibn y supervisidédn de los proyectos-
para la construccidn, reconstruccibn, amplia-
cién o modificacién de fuentes cmisoras do -
ruidos y de los lugares donde éstas operen. |

VIT.- La aprobacién y supervisién de los plancs y
proyectos para construlr y operar okras quc -
controlen o abatan ¢l ruido.

ViIi.- En general, la aprobacibdn y supervisidn de -
las obras pGblicas o privadas que al ponerse-
én servicio u operacién contaminen o puedan -
contaminar el ambiente por. la emisibn de rui-
ans.



ARTICULO 6.~

La Secretarfa de Salubridad y Asistencia en coordina -
cibn con las demds Dependencias del Ljecutivo Federal,
dentro de sus &mhitos de compmtencia, realizard estu -
dios e investigaciones conducentes para determinar:

I.- La intensidqd, frecuencia, cadencia, duracibn
y caracterfsticas del ruido en las industrias,
zonas comerciales y habitacionales.

II.- La presencia de ruidos especificos en zonas -
determlnadas, sefialando cuando’ proceda 4reas-—
de proteccién o de veda. . -

. ~ I
III.- Las caracteristicas de las emisiones de ruldo

de algunos dlSpOSlthOS de alarma o de situa-
c16n. ‘

ARTICULO 7.-

La Secretarfa de Salubridad y Asistencia podr4 reali -
zar con su personal de planta, con personal contratado
expresamente, o mediante contrato con empresas o ins -
tituciones, las actividades que le correspondan de --
acuerdo con la Ley y el presente Reglamento, asi como-
la planeacibn, estudio, disefio, construccidbdn y opera -
cibn, para la determinacién de los efectos y repercu -
siones a la salud, inmediatas o mediatas, de la conta-
minacibébn ambiental por ruldos .0 para lograr su preven-
cibén y control.




CAPITULO ‘ L

II

DE 1A PREVENCION YACONTROL DE LA CON-
TAMINACION DEL AMBIENTE POR EL RUIDO.



ARTICUILO 8.~

L0s propietarios o los responsables del uso o funciona
miento de fuentes emisoras de ruido, deberdn propor- -
cionar a lasiautoridades competentes la 1nformac16n Y-
facilidades que se les requleran.

ARTICULO 9.-

El conocimiento objetivo de la contaminacién del am- -
biente producida por ruidos, para.resolver si se supe-
ran los valores lfmites de tolerancia establecidos, se
realizard mediante mediciones de su intensidad, fre -
cuencia y dem4s caradteristicas, en los lugares, en -
las condiciones y segin los procedlmlentos que senale-
la Secretaria de Salubrldad 8% As1stenc1a.‘

ARTICULO 10.-

Los valores limites de tolerancia de intensidad, fre -
cuencia y otras caracteristicas del ruido que se seiia-
lan en este Reglamento, podrédn modificarse de oficio,-
en cualquier tiempo:

I.- Atentos los adelantos tecnolégicos;

II.- Porque las condiciones demogréficas o écolég;
cas lo hagan recomendable- Y
II1I.- A propuesta fundada de cualquler 1nst1tuc16n—
piblica o privada. ' '

ARTICULO 1ll.-

Las modificaciones de los valores limites de toleran -
cia de intensidad, frecuencia y otras caracterfisticas-
del ruido se haré&n mediante Acuerdos. Generales que foi
mardn Apéndices de este Reglamento y a los que se daré
la debida publicidad, en el Dlarlo OflClal ‘de la Fede-
racibn para sefialar su v1genc1a.



ARTICULO 12.-

Para los pvopéqltoo ‘de .estc Reglamento, se¢ entiende , -
por ruvido: toda percepeibn acistica qué origina un -
estudo de tension an el ﬁndiwtduo- gue puede resultar-
“desnaradavble: ‘capaz de provocar una molcstia o blen de
producir un dafio. '

ARTICULO 13.-

En este Reglamento para medir la inte ensidad y frecuen—
cia del ruido se adapta el decikel 'y la escala de fre-
cucncics atdus +adn conccida como A, que se ab“cv1a¢an -

Py
~ .
IR AR o8 . \' .

TTCULD 14.-

o chjete del presente Reglarento i1e~ rmrans ¢ cuanto

pucdan alterar cl estado normal ricl ~mhienie e 1aicrfo-

rir la trancuilidad, causar molestias, o perjudicar la-
Tad hamara potTe et I

T.~ Mnlentics e Tnterxierencias con~.1

A} Ja cchenicacidim . - .

») el aFrenda~ 1je o ol traikadjo a

<) ¢l cdescanso,. el reposn, el suefio o la recu-
peracidn de la salud, ‘

d} la diversidn.o cspaveimiento.

iI1.- Trartornos o altecracioves:
o) mencalcs o0 n~rviosas o
ot dfacas vy circulatorias
¢y aocnemlaces
d} articulares
e) a2 la corducta

'

LIi.- Hipoacusias y sorderas ocupacionales.

ARTICULO 15.-

Qucda prohibido realizar actividades o incurrir en - -
om®siones que provoquen la emisibé6n de ruido, salvo que
sc rec2ben las autorizaciones, se instalen los dispo -
sitivos azrobados para su control o se cumplan las -
prcecvenciones que en-esté Reglamento se establocen,

Vd



ARTICULO 16.-

Se consideran como fuentes artificiales de ruidos las~
siguientes:

I.- Fijas propiamente dichas.~ Que comprenden la
magquinaria y equipo fabril, y las demﬁs insta
laciones y procesos industriales, de talleres
y comercios que producen ruidos.

!
’

ITI.- Estacionarias circunstanciales.- Que incluyen
todos los ruidos que se producen mediante el-
uso o manejo de instrumentos musicales o de -
otra naturaleza, herramientas, aparatos o =--
equipo, en dn lugar determinado, pero no en -
forma permanente.

IIX.- Mb6viles.~ Que abarcan los aviones, helicbpte-
ros, embarcaciones, ferrocarriles, tranvias,-
camiones, autombviles, motocicletas y demds -
medios de transporte, tractores, y equipo si-
milar y todo instrumento, aparato o eguipo quc
_.se desplace y produzca ruido.

IV.- Domésticas.- Que abarcan toda clase de bie --
nes; eléctricos, mec&nicos o de cualquier otra
naturaleza, que al operar o usarse en el ho -
gar producen ruidos, asf como las actividades
que los provogquen.

Para los efectos del presente Reglamento se equi-
paran a los rufdos artificiales, los producidos direc-
tamente por la voz humana de cantantes y pregoneros, =
asf como los producidos por los animales cuando se en-~
cuentren en las zonas urbanas.,

ARTICULO 17.-

Se prohibe, sin contar con la autorizacibn respectiva,
la operacidén de fuentes emisoras de ruidos continuos -
superiores a 115 dBA 6 de ruidos de impulsos superio -
res a 140 dBA. '

ARTICULO 18.~-
/

Todo dispositivo, aparato electromecdnico o maguinaria
de uso doméstico, comercial o industrial que en su fun
cionamiento emita ruidos iguales o superiores a 95 dBa,



serd objeto de una marca cuyas caracteristicas indicaré
Ja autoridad competente. ‘

ARTICULO 19.-

Para que pueda 1nstalarse Y func1onar una 1ndustr1a, -
taller o establecimiento, que por su maqulnarla,lapu,a-
tos, equipo, herramienta, O por sus procesos de trabajo
resulte una fuente emlsora de ruidos, deberé gestionar-
se el permiso correspondiente.
Al efecton, el 1nterpaadp deberi someter a las autorlda-
des cuap~tentes solicitud con: ‘

.— Datos generales de identificacibn.
Z.- Croquis de ubicacidn y colindancias.

?.- Planos y memorias técnicas descriptivas de¢ --
procesos, inventario y localizacidén de mequi —-
naria, herramienta; flujo de los procesos, ¢ s

cribiendn partlcularmhnhc lag ‘actividades cue-
causan .1t Cs.

4,- Descripciédn de las medidas técnicas o de otra-/
naturaleza que se proponen para controlar la i
emisién o transmisiédn de ruidos.

5.- Relacion de personal expuesto v medidas de -
proteccibn que se tomardn. s

5

6.- Los dem&s datos que, en su caso, se le solici-
cen. : ,

Dentro de los sesenta dfas hibiles siguientes al
G2 la recepeibn de la solicitua, la autoridad resolverd
1o quc wroceda.

/77ICGLO 20.-

Solamente podrdn expedirse permisos para ubicarse y fun
cionar a industrias ruidosas, en los sitios que desig -
ron coordinadamente las autoridades competentes en ma -
Lﬁrla de urbanismo o sus equivalentes de la poblac16n -

- gue se trate, y las de salubridad.



Lus ervresas, industrias o talleres ryidosos. ya estable
cidos, deber&n adoptar las soluc1onestarqultepFﬁnxaar =
o de Jngenleria que resulten necesiiag o0 Co wpnienteo
para contrelar el rulde, tales cor‘o.,,‘, ‘

. . . . . 4 .
I.- Cimentacibn y aislamiento de lag fuentes emi -
soras de ruido.

II.~- Construir barreras aislantes del xra1do en el -
medio transmisor.

III.~- Contar con una zona de protecc16n Lan amplia -
como sea necesaria, a Jjuicio de 1la adtorldad
a partir del ‘recinto en que se encuentre insta
lada la fuente emisora.

IV.- Modificar las caracteristicas de la fuénte o -
fuentes emisoras de ruidos.

ARTICULO 22.~-

Las naves, locales o &reas de trabajo, dentro de sus -
recintos de industrias y talleres se ubicardn o con. -
truirdn de manera gque los ruidos que se produzcan n¢'--
trasciendan a los predios colindantes o a la via pli) -

ca.

ARTICULO 23.-

Cuando las actividades de empresa, industria o talle -
res que producen ruidos trasciendan a la via piblica o-
a predios colindantes, no obstante haber cumplido ccn -
disposiciones sefialadas con anterioridad, éstas activi-
cdades ser&n objeto de relocalizacibdn dentro de la empre
sa 0 a otro sitio en las condiciones que apruebe la au-
toridad competente.

ARTICULO’24.

En los ambientes laborales ruidosos el tiempo mdximo -
permisible de exposicién para los trabajadores que ca--
rezcan de eguipo protector de ruldo,'en una jornada de-
trabajo ser4:
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TeTEy TaMNiIT o e exposicidn RULAC Anrierntal
I GB3 | " .
3 hoYas , sanee fe Al '
" moras 29 ninvio:s o0 '
3 hecras 20 minutces al
= horas 30 minutos az
4 horas 45 minutocs’ o3 *
4 heras 15 minutos - o4 '
3 horas 40 minutos ax
3 horas 20 minuzos ; ;26
2 horas 45 minutos | | o7
2 heras 15 minutos ag
2 horas R 99 !
1 kera 530 minutos 5 100 .
1 hora 30 minutos 101 ‘ \
> hora 2 minutos 102
1 hor: o 103 !
55 ninutcs 104
30 Tinutos 105
<5 minatos 106
\ 40 minutos . b 107
35 ninutos 108
30 mainutces 1C¢
2% minutoes 110
23 nminutos 111
20 minatos 112
=7 ndinvtos 113
15 mainstos ii4d
ATTICULO 25.-
Es responsabilidad del patrbén en las industirias, la -
arlicacibn de medidas técnicas, administrativas y noraa
tiwvas, para controlar el ruido.

~T A
-

- - -
[ SO .-

/

ILas medidas administrativas incluirdn la obligacidn de-
realizar exéimenes audiométricos aprobados por la Secre-
tarfa de Salubridad y Asistencia, del personal expues -

to al ruido, previos a la contratacién y cada seis meses

Jurante el tiempo de vigencia del contrato de trabajo.
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ARTLCULY 27.-

El trabajador expuesto a ruidos deberd contar con equi-
po protector de uso personal, aprobado por la Setcreta -
rfa de Salubridad y Asistencia, sicndo responsabilidad-
del patr6n su dotaciédn, guarda, mdntenimientdiy ;eposi-
cibn. Lo .

ARTICULO 28.-

Para los efectos del presente Reglamento se entiende -
por hipoacusia o sordera ocupacional cualquier pérdida-
parcial o total, transitoria o permanente, de la capaci
dad de percepcibn auditiva originada por el trabajo o -

a consecuencia del mismo.
1

ARTICULO 29.-

Los ruidos industriales que se originen por la opera- -
cibn de maquinaria y equipo, o por el movimiento de ma-
terial, u otras causas relacionadas con la ocupacibn, -
gue causen hipoacusias, dan derecho al trabajador, a la
indemnizaciébn laberal que corresponda, segln la incapa-
cidad que provoquen en los términos de la Ley Federal -
del Trabajo, sin perjuicio de gque se ejercite, cuando =
proceda, la accibn penal correspondiente, por lesiones-
imprudenciales.

ARTICULO 30.-
Las empresés, industrias o talleres ruidosos:

I.- Podrdn gestionar de las autoridades competen -
tes, la asesorfa para la investigacién de labo
ratorio y de campo que resulte neccsaria.

II.~ Solicitaré&n la asesorfia conducente o la elabo-
racibébn de las normas de normalizacibn apnlica -
bles a la maquinaria, equino, herramienta v --

~ precedimientos, refcrides a la indascn.. dn -
cue se tiate, para loira~ los fines de este -
Perqlamento.

I7I.- Promover&n campafias educativas permanentes, -
contra el ruido.



V.- Realizardn trimcestralmente cuando menos, la =~
supervisién interna.

V.- Otorgardn a los trabajadores los estimulos cue
correspondan y en su caso, promoverdn. la apii-
cacibébn de las sauciones quec procedan.

ARTICCLO 31.-

1,18 1ndustrias, talleres o establecimientos comerciales
(1@ necesiten hacer cambios o modificacibn a sus proce-
50s8, equipos o maquinaria de trabajo, dcherdn gestio --
nar, previamente, el permiso correspondiente antae las -
autoridades competcntes, presentando la documentacidn e
informacién que se les reguiera.

AUTICULO 37°.0-

Se establecen como niveles mdximos reccmendables de se-
guridad a la exposicidn e ruido, los sefialados en la -
tabla siguientc:

CORRECCION POR:
aBa Ruido de impacto
6 dc tono piro.

Planta,nave o drea industrial
c~upada por personal que re -

guliere comunicaciodn verbal. 80 - 10
Talleres ' 75 - .5
Cficinas generales T ; 00 - O
Oficinas privadas 50 - 2
Salas de conferencias ' 40 - 5
Area urbana habitacional , 55 - 5
Area suburbhana 50 - =
Area rural 45 - 5
Interior de las casas 40 - 5

Hospitales, sanatorios y de -
1ds lugares para enfermos o -
convalecientes. 35 - 5
Guarderfas, asilos, escuelas,
bibliotecas, museos, templos-~
y otros lugares de estudio o-
mecitacibn. 35 - 5
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CORRECCTIONTES

Por horario dBa
de 22 p.m. a 6 a.m. , -5
Rufdos de 15 min/hora 5
Ruldos de 5 min/hora L0
Ruidos de 1 min/hora +15
Ruidos de 1 min/dfa. - +20

ARTICULO 33.-

Toda industria, taller o establecimiento comercial en -
donde se produzcan ruidos con intensidades iguales o -
superiores a las que’'sefiala la tabla del articulo ante-
rior y estén situados en zonas habitacionales, no po =--
dré&n operar o realizar las actividades que originan el-
ruido, a pesar de que hayan cumplido los ordenamientos-
sefialados por la Secretarfa de Salubridad y Asistencia,
entre las 22 hs. y las 6 hs. del dfa siguientc en dias-
h&biles y a ninguna hora en dfas de descanso obligato -
rio.

ARTICULO 34.-

Los propietarios, encargados o responsables de sitios -
donde haya personas temporal o permanentemente expues -
tas a ruido de una intensidad igual o superior a 95 dBA,
deberdn seflalar en lugar visible los tiempos m&ximos -
recomendables para una permanencia contfnua segdn la -
tabla siguiente: ’

Nivel de Ruido dBA Tiempo miximo recomendable de-~
permanencia.

95 4 horas

97 3 horas

100 2 horas

102 1 hora 30 min.
10:= 1 hora

10 30 min.

1.5 15 min.



ARTICULO 35

La autoridad urbanistica o su equivalente de la pobla -
cibn de que se trate seflalard las zonas comerciales que
resulten convenientes a los fines del. prescnte Reglamen

0 v se limitar&n, o regularin, en su,caso, los permi -
sos de ubicacibédn y funcionamiento queupara cada 'zona o-
tipo de zona, puedan concederse, 1mpon1endo los 'requi =~

sitos que para evitar o controlar el(ruldo, deban cum -
nlirse. s i

T
’

TICULO 36.- .
¢ . ) J[ ' .
A la via piblica, en establecimientos)/ industrias, ta-
leras y comercios se prohibe el uso de silbatos, cam -
‘nZ:., magnavoces o amplificadores dc sonido, timbres y
~ .spositivos que produzcan ruido.
$0lo se autoriza su uso en establecimientos, industrias,

callieres y comercios en ocasidn de alarma, siniestro o-
simulacro.

ARTICULO 37.- ’

ias personas fisicas o morales, cualesquiera cue sea -
su condicibn, que ocasionen ruido por la constguccidn,-
reconstruccidn, ampliacidn, modificacibn o demd}icién -
ce cdificios, o por la realizacibn de obras en la via -
wiblica requerirdn de un permiso previo que otorgari la
autoridad competente. ‘

ARTICULO 38.-

T.os nermisos que se otorguen, en los términos el artfi-
~ulc o..terior, estar&n condicionados a que:

~.— Se¢ ejecuien con ¢stricto apego a los-ir-Arios-
gque en cada caso se autoricen.

II.~ Se realicen de acuerdo con el calendario de -
obras que-se somete con la solicitud o con las
modificaciones que imponga ia autoridad gue -
correspnda.
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s daslancia Uy oL vvihanas de la pobla -

« i_:)n.

~ ot Soduertn w1 ponier o e resaibern, cen-
AEREE TR S O T S A S Sodigtanelan oy -
orientoacen con oL o0 T s denregue Vo Le e

rade, asi como de so raterseccidn con las pis-
tas de carraleo v las Sreas de csLaclonamﬂcnto
S

ot NS

L= T corac teristicas arguitectdnicas de Los -
covvicion auxy liares. ‘ ‘ ‘

VOOTOLO A - ¢

gacda nrensbhido volar acvonaves de prstdn o ac hélice -

i opas hibivacionales a menos de 300 mis. Qe altura -

sorre ¢l wevel del svele, exvepto en aperaciones de —--
vdio, favesitigacion, bisqueda o rescato.

5 CreLOVes 4 reacaidn no doberdn sobhyy voliar conan
2oior Laates A qmna altura inforior a S50 necn. sommo -

ey Ut G LT O,

\RTILCULN 4%, -

n una accn de 6 kms. de largo v ¢.5 km. de ancho a -
rartir de tos cutremas de las pistas de aterrizaje v -
aesn~, e o . - oroesaves a reaccién, no sc permitird el -
ot lecwwmean y de habitaciones, escuelas, sanatocios v
AL L tucheros similares. o

ARTICUWG & . -

Los rpropictaoricos de ConstrucCionCn o Cod L0000 . 61 -
tentes en ol Avee que senala ol artfeulo uli"“.'r, e -

I

drin realivar. . ovia autorizacidn de 1o Doevetnr? . 4 -
Saluprided v co.ntencia, modificac Lones w7 un consarnd -
ciones para «~i " L ol nivel ruido. Tog ehsites cue entc
nocasican se onlolrdn en uu S5 por parte de ero aerto.n
v Servicios At liaves, S.A., €On cdrgo o qui caon atidn
cen ¢l axronuerto de ¢ue se trate. El otro H0. con cal
go al prcnt: -As 0 ¥y en o su caso con la apoutacidn propol
dler-cy S, cvvepsdatarios.,



ADTICLLO 40, -

Ins oronaictavios Jde tos nredios bhicados en el drea a -
cue se refiere ¢: rticalo ant'erjor, tendrdn derccho a-
nolicitar vy on.c e oaa redice:rdn i inferior al 25% en
el rpago del impuesio corrvasd: et

ARTICULO 48.-

Las empresas concesionarias de vias generales de comu -

nicacidn aplicardn, dentro de lac poblaciones, las medi

“1s técnicas de ingenierfa y de arquitectura que resul-

ten convenientes para controlar el ruido y su transmi -

516n a los predios cclindantes a la zona del derecho de-
via.

Para los efectos del padrrafo anterior, el gobierno fe -
deral otorgar& facilidades técnicas y financieras.

ARTICULD 49.-

Los Terrocarriles Nacionales de México y las demAs con-
cesiomarias de este tipo de servicios son respdnsables

de iu lubricacién v s ¥v cions de mantenimiento de lasg -
rie" »x, ruedas darnnentes, bhalastce y.en g neral, del -
sis-..a de rodaaiento y de enganche: asl ¢ .0 que las -
marn. v.vas de carga vy descarga sean cenvenientes para —-
oreven.r la emisidn de ruidos.

ARTT ULO 5C.-

s vias v las e~t=cio-es dn ferrocarril, dentro e

S .lz:ciones, :e 'b'cardn cde conformidau con lo mue

specto sefiale la autonridad urbanistica o su eguivo
lente e¢n la poblac in d (1w s &t ate,

B a co struc ene sal s de espera vy cem’'s-
serviclios au'l rares se apli arau las norma é nicas

de arcuicectura y de ingenierfia que result n convenron-
tes para abactir y confrolar el ruiado.
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ARTICULO 51.-

Sc prohibe a los operadores de ferrxocarriles el uso -
de silbatos, campanas, sirenas y demés adltamentos simi
lares dentro de las =zonas urianas entre las 22 y las 6-
horas. ‘

ARTICULO 52.-

Corresponde a las autoridades de trdnsito de la Giudad-
sefialar las vias de trénsito répido,de los vehicylos au
tomotores de superfxcxe, dentro de las zonas urbg nasm-'

Para prevenir el ruido ‘por la circulacién de vehiculos-
autcmotoresllas,autoridades de trinsito. competentes fi-
jardn las rutas, horarios y limites de velocidad a 10
sevvicios plblicos Ae auto-trrancporte. ’

ARTICULO 53.-

X lifmite miximo de ruido toleroble, producido 'ror ve -
hiculos de motor seri: o

g

VEHICULOS dpa’
Motocicletas o motonetas hasta 200 c.c.’
de cilindrada (2 tlempos) - "‘ Ve . 82
Cualquier otro tlpo‘de motociqleté,f 1 Z;Zf'_ 85 ...
Automotor hasta 1500 c.c. de cilindrada. - 85 fff
Cualquier otro tion de vehfculo automotor 90

LRTICULO S54.-

S2 coasicera de interés pubiico la construccibdn de esta
c107¢5 terminales de auto-trancpoirte, que se nt.ieardn -
estratesicemente on la perifcria de las’ zoaas urbaras.

isiiricac, se considera de interés pidblico la construc -
ci6n G2 libramientos para evitar, en lo posible, qua 'las-
~as generales de comunicacién atraviesen las ciudades.
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ARTICULO 55.-

‘Oueda prohibida 1la circulacibn en &reas habitacionales
de¢ wvehiculos que produzcan ruidos por manejo i1nadecua—
do, a causa del desajuste A& rn eavieeerfa o fallan -
mecénicas, el arragtre de plezas metilicas, o por la--
carga que transporta u otras circunstancias. |

ARTICULO 56.-

En toda operacibn de carga o descarga de recipicntes -
que se golpeen contra el pavimento, la plataforma u. --
otras partes de los vehiculos de carga, se deﬁerd uti -
lizar recipientes dé‘pléstico, o ¢n su defecto, recu- =~
brir las zonas de golpeo con un material no metdlico -~
del grosor que determine la autoridad competente.

ARTICULO 57.-

Los responsables de loz gspitales, sanatorios vy de -
aquellos sitios donde haya cnfermos sujetos a tratamien
to o recuperacibdn, podrdn ontcner de -las autor idades de
trdnsito que correspondan, cuando lo justifiquen, el --
sefialamiento de zona de veda temporal o permancnte a la
emisibn de rufdos. '

!

APTICULG 53.-

Se prohibe la emisibn de ruidos por el uso de cu=. s«
dispositivo como claxon, campana, bocina, timhxe, =il -
bato o sirena instalados en vehiculos automoctores, de -
las 22 hs. a las 6 hs.

Nin%una rergsona hard funcionar dispositivos sonuron, -
ccno clazon, c¢Lroana, hocira, tintre o sirena instala -
doz en vehficulcs autamotores cuando se encuentre ¢Lre.-
lando en zona de veda o hien a velocicdad inferior e 2°
. por hora o estén parados 6 cstacionados. LEn cazo-.

-

QO

e imninente peligro de colisibn, atropcllamiento o --
alorna, solo podrd accionarse el disponitivo e¢n una ocr
eiln durante un scgunio, pudiéndose volver a usar oo --
15:a21 forma cuando se rresenten otras circunsginc:ag =--
¢z z.licro o alarma diferentes. f{uedan exzcewntuados de-
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esta dlsp051c16n los vehficulos de bomberos, polcha y-
ambulancias en servicio.

I
H

ARTICULO 60.- o

Los vehficulos automotores que salgan al mercado a par -
tir del afio de 1975, deberdn contar con dispositivos so-
noros de alarma de aproximacién o posicién, cuyas carac
teristicas serdn fijadas por las autoridades. cqmpeten -
tes, oL

ARTICULO 61.-

Los fabricantes, importadores, ensambladores y distri -
buidores de vehiculos automotores tales como camiones,-
automdbdviles, motocicletas, aeronaves, tractores, embar-
caciones y otros similares, sceré&n responsables de gue -
ostas unidades tengan silenciador, cémara de expansibn-
u ctro dispositivo adecuado con eficiencia de gperacibn
aprcbada por las autoridades competentes, para reducir-
¢l ruido del escape de los gases que se producgn por el
~anciocnamiento del motor. . .

ART1CUT.O 62.-

Cuandc el silenciador, cdmara de expansidn o dispositi-
VO a gue se reiiere el articulo anterior, sufra algin -
desperfecto que lo inutilice, su cambio o reposicibn -~
e hard por otro similar, gue cumpla con las caracteris
ticas aprobadas para los dispositivos originales. Las-
reparaciones de estos dispositivos también estarén su -
jJetas a la aprobacibn de las autcridades competentes

AaRTICULO 63.-

Para apropar nucvas construcciones cualguiera gue sea -
¢l uso a que se destinen y para reconstruir, ampliar o-
modificar edificios, las autoridades competentes exigi-
sin cue los planos y proyectos que se presenten conside
r™n  spectos bdsicos para la prevencibn y control del -
riico. ‘
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ARTICULO 64.-

Para prevenir el ruido en conjuntos habitacionales, -
condominios, casas de departamentos, viviendas y demds-~
edificios en los que existan biencs de uso com@Gn, se -
establecerd por las autoridades competentes en coordina
cidn con el duefio, los conduefios o administrador en su-
caso, las normas de uso y aprovechamlento ‘de esta clase
de bienes. o

ARTICULO 65.-

Los ruidos producidos en casas habitacién por la vida =
doméstica no son objeto de sancibdn. Excepcionalmente,-
la realizacibn de eventos ruidosos en forma. re;terada -
con molestia a los vecinos, podrdn ser causa de aperci-
bimiento y adn de sancibdn, cuando sean comprobadcs los-
hechos motivo de queja por la autoridad competente.

/. RTICULO 66.-

.0 serdn motivo de inspeccibn las casas habitacién, -
salvo el caso del articulo anterior o cuando por otros-
redios, que no scan la delacidbdn o la visita expresa y -
directamente ordenada, exista la certeza de que el "o -~
cal de que se trata se usa para fines distintos de la -
vicda doméstica.

ARTICULO 67.-

Toda persona que anuncie o pregone su mercancia o sus -
servicios en la via pidblica, solamente podrd valerse dc
las fuentes emisoras de ruido autorizadas o de su voz, -
como reclamo de su actividad en las 4reas urbanas y en-
cl calendario y los horarios que le sefiale la autoridad
canpetehte. S

ARTICULO 68.-

Se prohibe causar ruido por la explosibén de cohetes, -
tronadores, petardos, asf como el uso de armas de fuego
y artificios detonadores en la via publica.



ARTICULO 69.-

Los carillones, campanas y demds dispositivos que emi -
tan ruido a la via pidblica, solo podré&n operarse entre-
las 6 y las 20 hrs.

ARTICULO 70.-

La tcnencia de animales en predios dentro de &reas ur -
banas serd motivo de autorizacidn especial cuando cau -~
sen molestias por ruidos que trasciendan al vecindario-
o a la via piblica.
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ARTTCOLD TLl.-

Las Dependeacias del Cjecutive Federal, dentro de sus -
correspondientes dmbitos de €unpatencia, elaborardn'y -
pondedn en prdetiea los planes, campaiias y cualesguiera
ctras actividades tendieuntes a la cducacibn, orienta -
cibn y difusidn de lo que el problema de la contamina -
ciébn ambiental por el ruido significa, sus consecucn -
cias y en general los medios para prevenirla, controlax
la y abatirla..

ARTICULO 72.-
4

La Secretaria de Educacdibédn Pdblica en sus programas de-
cducacidn, del ciclo preescolar de educacib4n media o =
vocacional, incluixd cl estudio del ruido y sus proble-
mas, con el propbsito de ilustrar a los cscolares sobre
€l peligro gue representa para la salud v el bicnestar -
humano, la p.esencia de ruidos.en el ambiente.’ '
La propia Dependencia, en sus programas educativos, in-
cluird la ensefianra obligatcoria en primaria y media, de
‘s aspectos elemtales del origen.y prevencibdbn del rui--
o, acerca de l¢s cuales se hardn referencia en los li-
Lros de texto gratuitos. o

A«TICULO 73.-
> Secretarfia de Educacibébn Pdblica solicitard a las Uni
versidades y dends instituciones de ensefianza superior-
é2t pafs, que auspicien la investigacibn cientifica de-
lar contaminacibn ambiental por el ruido y la form~ de -
combatirla, y que incluyan dentro de sus programa:; de -
estudio, las précticas y seminarios corresporciientes, -
asf como la difusidn en tesis, gacetas y revistas, de -
las recomendaciones técnicas y cientificas que contri -
buyan a la pr2vencibn, disminucién 'y control del ruido.

ARTICULO 74.-

El Gobierno Federal y las autoridades auxiliares dcbe--
rin realizar campafilas de orientacién a través d~ perib-
digos, revistas, radio, televisibn, cinematografia y =~
cemds medios de difusibn sobre los problemas de la con-.

teminacién ambiental por el ruido y las medidas.para -

prevenirla, asf como para evitar la degradacibdn del am-
wroento.



HXCLCLLwy T~

T.a Secrzetarfa del Trabajo y Prevision Social, dentre -
de su imbine de eempetencia v en especial en lo que se
retrer~ a la higiene del trabajo, promoverd campafias -
d» difusidn sobre la contaminacidén ambiental por rui -
& oy sus peligros. ‘
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CAPITULO 1V

DE LA VIGILANCIA E INSPECCION



ARTICULO 76.~

4 vogilancia del cumplimiento de las disposiciones -
del presente Reglamento, estar& a cargo de la Secreta-
ria de Salubridad'y Asistencia directamente, o a tra -
vés dc los Sexrvicios Coordinados de Salud Pibliga en -
Estados v Territorios. E1 Departamento del Dlatrlto -
Fedcral y los Gobiernos de las demés Entldades'$edera—
tivas, la Secretaria del Trabajo y Previsidn So¢ial, -
la dc Comunicaciones y Transportes y las demés ue ‘co-
rrespondan vigilardn su cumplimiento dentro de _sus res
pectivos &mbitos de competencia.

ARTICULO 77.-~

sara comprobar el cumplimiento de las disposiciones -
contenidas’'en este Reglamento, asi como de aquellas --
cue del mismo se deriven, la Secretaria de Salubridad-
v Asistencia, realizara visitas con fines técnicos de-
investigacidn; de asesoria y de inspeccidén. La vigi -
lancia y la inspeccidn relativas a fuentes méviles, se
realizaré&n por personal de la Secretaria de Comunica -
ciones y Transportes o de las Autoridades Loca%es en -
materla de Transito, segln coxresponda.

)

ARTICTLO 78.-~

Los inspectores que se designen, deberadn teacr los -
dispositivos y conocimientos necesarios para la valora
cidbn de la emisidn de ruidos, de los medios de control,
Y en su caso nociones sobre los procedimientos para su
primirlo, controlario o abatirlo.

ARTICULO 72.~-

Las inséccciones podrén ser ordinarias y extraoriini -
rias. iLas primeras ser&n agquellas que se realicen pe-
riddicemente y las segundas, las que la autoridad esti
me necesarias y convenientes cen cualquier momento .

R Uhing -
VA Ll . .

~as inspecciones ordinarias se cfectuarén en dias y ho
"is hébiles y las extraordinarias en cualquier tiempo.



ARTICCLO 81.-

Las vaisitas, sean técnicas, de asesoria o de inspec- -~
cidén, deberan sujetarse a las Ordenes escritas de la An
toridad Ordenadora, gue en cada caso girard oficio en -
el que se precise el objeto de la visita.

De no encontrarse en el establecimiento el propietario-
o encargado, el personal comisionado dejar& citptorio -
para que lo esperen a la hora que fije, dentro de las -
horas héabiles, a partir del dia siguiente.

it

d

O aterderse el citatorio, la visita o la inspeccidn
r.oct.card con la persona que se encuentre.

D

(0]
o

,,
W

ARTIIULO &2.-

Al eZectuar visitas el personal comisionado se identci -
Jicaia dehidamente, exhibird el oficio de comisidn y =-
después de practicada la diligencia procederé& a levan -
tar el acta correspondiente, entregando un ejemplar del
oficio de comisidén y uno del acta, a la persona en cuya
nresencia se haya practicado la diligencia.

In el acta que se levante se hari constar la entrega de
csos documentos y se reguerira la firma por su recibo.

ARTICUILO 83.-~

Al iniciar la diligencia se requerira del propietario -
o encargado, la designacidn de dos testigos que deberén
permanecer durante el desarrollo, de la visita. En ca-
so de negativa, o ausencia de aquéllos el personal co -
misionado podra designarlos.

¢

ARTICULO &4 .-

L0s »nioplecarios o cncargados del establecimiento obje-
to de la vis.ta, estan onligados a permitir el acceso -
v dar todo género de fucilidades e informes para el de
sarrollo de l1la diligencia, debiendo hacerse cuando pro-
ceda, la advertencia dec las penas en que pueden incu -
rrix quienes estorben o impidan la diligencia.



o
N

PL ¢i:ncivir ol acta, 1] Perm\"h'a Lope o LonAde feguers 9=
.1 del vropletario o enccrgado del cstablecimiento y de
105 Lestigos a la firxma del documento; y en caso de ne-
gativa, lo que no 'afecta su validcz, se hara constar --
2sa circunstancia. s

Tl LIl<rEa que .. va practicido la diligencia deberd -
ent. 2cov ¢l acta levantada,en el curso de las piguien -
tes veinticuatro horas habiles, a la autoridad: que oxde
nd a diligencia. " '

A D
D oo 1o préacitaca o le disigen~ia <o o027 avan las -
del.c.oncias que e cohscrven ¢ las causas | - Lhs e -

se »ctime que no se estan aplrcando las wed. 'an fcni -
cas :deruadias, pava prevenir ¢ controlar ta « isifr de-
rurdos, lo cual se hard constar en ol acta . -“rao . adies,
te. '

Al finelizar la inspeccidn, =0 aara portuwr oo L DYG-
nie.avio o encargado de manifestar Fo ogque o w0 b
coavaenga, haciéadose counstar cn el acti.
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 CAPITULO V

SANCIONES Y PROCEDIMIENTOS PARA SU APLICACION



SRTICLLY 38.-

Son responsables de las iniracciores 2l preosentae Regla-
men.o todos lop gue temen parte con la concepciodn, prepa
raridn. o ejecucidn de los actos u omisiones que consti-
tuven la violacidn; los que instiguen directamente a al
cuno a cometerlas y los que presten auxilio o coopera -
cibébn por acuerdo previo o posterior de cualgquier espe -
cie. s

Los autoridades competentes fijarén las sancionesfres -
sectivas dentro de los limites sefialados por la Ley, se
gin la participacién de cada infractor.

TCI ., 89.-
-, c¢astigaran con multa de 100 a 1,000 pesos, las in -
- >cxcnes a lc dispuesto en los articulos 24, 26, 27,-
34, 26, 41, 51, 52, 53, 55, 56, 58, 59, 62, 63, 04,
a2, 67 v 063,

Articulo 90,.-
Se castigaran con multa de 100 a 5,000 pesos, las in -

f ~“cciones de los articu;os 8, 15, 17, 19, 21, 31, 37,
., 39, 49 vy 66. '

Lo

ARTICULO 91.-

Se castigaran con multa de 100 a 10,000 pesos o clausu-
ra parcial o total, temporal & permanente O ambas san -
ciones a juicio de la autoridad, las infracciones .a lo-
dispuesto por los articulos 33,44, 45, 60 y 61.

N
& TICULZ S52.-

Le autcridad comactente pourd aecrotar la clausura par-
c1. . o total, pernancnte 0 transitoria, de las indus -
Til as, comercios y talleres, en los gue se superen los-
‘& ores de seguridad cstablecidos y exista renuencia ma
r.. lesta para desarrollar acciones de protecciodn de la-
av !licion de perscnas expuestas. ‘



Tamblién podré& ordenar la suspensidon parcial o total, -
temporal o definitiva, de obras o trabajos, publlcds o~
privados, por las mismas causas

Asimismo, podré& poner sellos para impedir el uso u ope-
racidn de maquinaria, equipo o aparatos que 51qn1f;quen
fuentes emisoras peligrosas de ruidos.

a0 Ul 93.-
Ia c<¢lausura total o parc1al permanentc o transitoria, -
solamente podr& dictarse en los casos de rebeldia a cum
ll los ordenamientos de la Autoridad Competente, dic-
dos con apoyo en el presente Reglamento, o en las dis
posiciones que de ellos se deriven. '

.

ARTICULO 94.

raté&ndose de infractores que comprueben su calidad de-
Jjornaleros u obreros, la multa que se les imponga nunca
podrd ser mayor que el importe de sus jornales o sala -
*. T en una semana. '

La&ccidn para imponer o hacer efectivas las sanciones &
e se refiere el presente Reglamento, prescribirxdn en-
el término de 3 afios, contados a partir del dia siguien
te de aquél en que se tenga conocimiento del hecho, ac-
cién u omisidén de que deba sancionarse. '

ARTICULO 96.-~

Toca accidn u omisidn, contrarxia a los preceptos del -
presente Reglamento, o de las disposiciones que con fun

damento en ellos se dicten por las autoridades competen

tes, ser& objeto de atencidn administrativa para fines-
de educacidn, independientemente de la aplicacidn de -
las sanciones que correspondan. ‘



ARTICULO 97.~

33

A peticidn del infractor, se podrd conmutar la multa -

por la cbligacién que se a:uma, de inva¥tiz su uanto ba

Jo la direecidn cantiwl ¥y viglioncia de la autoradad
competente, en la adquisicidn de cquipo o en la ejecu

c16n de obras, para abatir,
causas eficientes acl ruido.
cional de la autoridau.

controlar, o suprimir las
Issta facultad es discre



CAPITULO VI

DEL PROCEDIMILNYO PARA LA APLICACION DE -
SANCIONLS
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L1s auvtoridades que tengan a su cargo la aplicacién de-
cste Roglamento, deberdn de acuerdo con ¢l resultado de
las inspecciones, dictar los ordenamientos procedentes-—
v notificarlos al interesado, dindole plazos adecuados-
y razenubles para su cumplimiento, o imponiendo, previa
cal.ficacibn, lasancibn que proccda. : )

ARTICULO 99.-

En caso de gque se dicten ordenamientos y se otorq&en -
plazos para su cumplimiénto y ademds se impongan sancio
nos, o sblamente lo dltimo, se le otorgar&n treinta . -
di- . hdbiles para que formule su defensa pcr escrito, -
- a ; ucbhas o alegue lo gque a su derecho convenga, ..

té . .Lncs para cumplir osdenamientos y para formular
- ns s por escrito, son independientes y corxen a pa-
del dia siguiente del de su notifiicacidn.

. ICULC 100.-

“tooasc . rride el plazo otorgado al iniractor para foirmu-
vr su &eleovoa, deberd dictarse resolucibn fundadd y -
rov.vad.s sonclando la o las normas infringidas dentro -
de los “rreunta difas hdbiles siguientes, la cual seda -~
nctificada al interesado en forma personal o por correo

cercificvad.n con acuse de recibo.

Esta ro2solucidbn sbdlamente podrd modificarse adminiscra-
tivamc..e, por el procedimicunto de rcconsideracidsn.
ARTICULG  L0l.-

Para le individualizacién de las sanciones, cuando csie
Reglamento seflale un mdximo y un minimo, se tendrd en -

cuenta:

I.- =1 cardcter intencional o imprudente de¢ 1. ac-
cibn u omisidn que las motiva:

ITI.- E1 dafio causado o ¢l peligro que provoque.

III.- L.cs condiciones culturales y econbmicas del -

inJSraccor, y;



W
[ S

$ " '
iv.- La reincidencia o havtitualidad.
Son excluyentes de rerpon abilidad, el easn fartui
to v la funrza maye-.

MRTICULO 102.-

.2 los casos de ocupaciédn, de clausura temporal o defi-
1tiva, o parcial o total, y para imponer sellos, el --
nal comisionado para ejecutar estas sanciones pro-

ey
PR

. ~d v1 a levantar acta detallad: de 1la Jdiligencia, --
¢ .gurendo para ello los lineamientos generales ‘estable-~
C:

~cdos para las inspecgiones.

’

o



CAPITULO VII :
RECURSO ADMINISTRATIVO DE INCONFORMIDAR



IETICTLG 103.-

A pariir de la fecha de notificacidon de una sancién co-
menzard a correr para el infracter, el témino de quin-
¢ dina habilles para iunterwvoner, por escrito, ¢l recuc-
sc do inconformidad.

ARTICULO 104.-

recwrso de inconiormaida se inerpondrd directamente
a:te ¢i titular de la wcewercencia que hubiera impuescto-
lz sancidn, o por correo certificado con acuse de reci-
bo. Ln este caso, se -tendra, como fecha de presenta -
cidén, la del dia en quée hava sido depositado el escrito
correspondiente en la oficina de correos.

En el cscrito en que se interponga el recurso, se ofre-
ceran y rendir&n pruebas, cn los casos que proceda.

n

ArPICULO 105.-

Recibido el cscrito en que se interponga el recurso de-
inconformidad, el Titular de la Dependencia dictara re-
solucidén fundada y motivada en un término de treinta --
dias hé@biles. Esta resolucidn se notificard al intere-
sado personalmente o por correo certificado con acuse -
de recibo.

El titular que conozca del Recurso, oyendo a la autori-
dad seflalada como responsable, podra confirmar, modifi-
car o anular la sancidn en ejercicio de la facultad que
tienc de enmendar determinaciones de autoridades subal-

rLernas.

LA0IC .0 1lh.-

L interposicion del recurso suspenderd la ejecucidn de
ias sanciones pacuniarias, si el infractor garantiza ==
el interés fiscal, en los términos que establ.ece el Co6~-
aigo Fiscal de la Federacidn.

-
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CAPITULO VIII

— e~ ak s

2 ~ACCICK PCUULAR

P
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FATICULO 107~ VaE

L3 o100 popular, para doenunciar lo existencia de i -
gutt de las fuentes de contaminacion a que se refierc -
aste Reglamento, se ejercitardi por cualquier persona an
o la Autoridad Competente, bastando para darle curso,-
cil soialamiento de los datos que permitan localizarla, -
asi como el nombre y domicilio del denunciante.

X IICULO 108.-

A rocibir la denuncia, la autoridad que corresponda, -
iventificarid debidamente al denunciante y sicmpre cscu-~
caard a la persona-a guien pueda afectar el resultado -
o~ 1z misma. T

N

ARTICULC 109.-

La autoridad competente, deberd efectuar las visitas, =~
Inspecciones y diligencias necesarias para la comproba-
cidn de la existencid del ruido denunciado y su valora-
cion. o , . -
Nnospués de recalizados estos trabajos comprobatorios, si

frexe procedente, se sugerirdn o dictaran los ordena -

miantos conducentes. S :

ARTICULO 110.-

Localizada que sea la causa 6 fuente productora del ruil ‘
do denunciada y después de que se dicten y apliquen las
medidas correspondientes, se hara saber al denunciante,
cn via de reconocimiento a su cooperacidn civica.



