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This study was made to find the effects of noise on

the human body, to measure sound levels that exist in

school power laboratories, and to design and evaluate the

effectiveness of two noise control devices. An accurately

calibrated testing device was used to measure sound levels

in an attempt to determine if excessive noise exists in

school power laboratories and to find the extent to which

such noise can be reduced by shielding or enclosing the

engine test area.

It was found that noise has undesirable physical and

psychological effects on the human organism. Sixty-two and

one-half per cent of the engines tested registered sound

levels above 90 dBA; even so, simple, inexpensive noise

control devices do control the noise levels generated in

the school power laboratories.
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CHAPTER I

INT RODUCT ION

The thunder of a jet aircraft, the din of freeway

traffic, the roar of a motorcycle, the annoyances of domes-

tic power equipment--these are the sounds of the seventies

(15, p. 28). Noise may be thought of as unwanted sound,

and year by year we are hearing more of it. A federal study

has estimated that the environmental noise is doubling every

ten years. At that rate, Knudsen has predicted, "The down-

town areas of the largest U.S. cities will eventually become

as deadly as the ancient Chinese noise tortures" (11, p. 52).

Children, in particular, seem to be in danger, mainly

because of the high intensity of recreational sounds: rock

music and motorcycles, to mention a few.

Tests show that there has been a steady increase
in hearing loss among young people and there is fear-
ful speculation that today's youth will encounter
more serious hearing problems as they age than fifty
and sixty year olds do now (16, p. 2).

Man, with his technological achievements, has made

great progress toward the control and improvement of his

environment in some areas of consideration; however, in

other areas man's technological achievements have contrib-

uted to the deterioration of his environment. Unwanted
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sound or noise, which is characteristic of this generation,

is an example.

Until recent years, little thought has been given to

noise as a health hazard by the average American. Even

after research studies have indicated temporary and perma-

nent hearing loss, speech disruption, loss of performance

capacity and annoyance as some of the possible effects of

excessive noise, the average individual knows little about

it. Controls have therefore been rather slow in taking

effect (10, p. 27). Corrective measures for already exist-

ing noise sources are slower yet. This is partially due to

the fact that noise reduction in most types of equipment

and appliances is costly when planned in the design stages,

but it is much more costly to suppress noise in equipment

already in use (8, pp. 9-10). Fortunately, noise pollution

is one of the easiest kinds of pollution to correct (16).

The technology already exists that would make virtually all

of our machines quieter. It remains to be seen whether

consumers will accept them. Unfortunately, our power-

conscious society still thinks that loud machines are

inherently more powerful.

In industrial activities, it is not uncommon for noise

levels to be such that workers, after sufficient exposure,

suffer permanent hearing impairment. The results of a study

of four hundred men engaged in a noisy occupation show they
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had worked at a daily noise level averaging ninety decibels,

some of them for a period of up to forty years. On the

average, the men suffered substantial hearing losses, par-

ticularly at the higher frequencies and during the early

years of their exposure. "Some of those who had been ex-

posed for ten years, even young men of thirty, had so much

impairment that they found it difficult to understand speech"

(1, p. 66).. This impairment usually develops over a period

of time. The person involved seldom is aware that an im-

pairment is taking place until it has already occurred.

Once damage has been done to the nerve sensing system of the

inner ear, it is generally permanent (10, p. 5). For this

reason, it is important that teachers and school administra-

tors know if school personnel and students are being exposed

to noise levels which may affect hearing before actual hear-

ing impairment takes place.

Purpose of the Study

The purpose of this study was threefold: (1) to review

literature and research which relate to possible harmful

bodily effects of sound, especially excessive noise, (2) to

determine what noise levels exist at selected distances from

the engine test areas in power laboratories, and (3) to

evaluate, by testing, the effectiveness of noise reduction

in the laboratory by experimentally shielding or enclosing
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the engine testing areas. Answers to the following ques-

tions were sought:

1. What are some of the potential dangers and problems

associated with excessive noise, including maximum sound

levels permissible for good verbal communication?

2. Are sound levels that are above those which should

be permitted in a learning situation being generated in

present school laboratories?

3. To what extent are sound levels reduced at given

distances from the engine test area when the test area is

experimentally shielded or enclosed?

Background and Significance of the Study

New and better standards are being sought to control

noise and man's exposure to it. Vital concern is being

shown regarding the effect which noise may have upon man.

School boards, administrators and teachers of industrial

education are faced with the need for planning, administer-

ing and operating industrial education facilities which are

conducive to a safe, healthful environment that will promote

the learning process.

To protect workers from undesirable occupational noise

exposure, the United States Department of Labor has prepared

safety and health standards relating to industrial noise.

The first such noise-level standards were part of the Walsh-

Healey Public Contracts Actwhich became effective on
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May 20, 1969. It affected employers engaged in the produc-

tion of goods for federal supply contracts when the amount

of the contract exceeded 10,,000 dollars. (13).

Then, in 1971, the William Steiger Occupational Safety

and Health Act of 1970 became effective. This act contains

noise-level standards for all industrial workers in the

United States and its territories (12) .

Further, in 1971, the Environmental Protection Agency

began work on establishing standards related to noise pollu-

tion and abatement which would improve the quality of the

environment in America (12).

Hosey, in writing for the Public Health Service publi-

cation, has indicated that any work area where shouting is

necessary in order to make a nearby person hear is likely

to be an area where excessive noise exists and an area where

a noise survey investigation is justified (6). Industrial

education power laboratories operate and test small gasoline

engines, especially those designed for lawn mowers. It has

been reported that some loud power mowers have been sound

tested at a level above 100 decibels (3, p. 6). Because of

the similarity of the equipment being used in school power

laboratories and that known to produce excessive noise and

because communication by speech is often difficult in these

laboratories, the need for the present study was recognized.
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Organization of the Study

The study is organized into five chapters. Chapter I

contains the introduction to the study, purpose of the

study, background and significance of the study, organiza-

tion of the study, method of procedure and source of data,

limitations of the study, definition of terms, and related

studies.

Chapter II is concerned with some of the potential dan-

gers and problems associated with excessive noise, including

maximum sound levels permissible for verbal communication.

Chapter III presents data concerning sound levels being

generated in present school laboratories.

Chapter IV is a report of the sound level reduction at

given positions in relation to the engine test area when the

test area is experimentally shielded or enclosed.

Chapter V contains the summary, findings, conclusions,

and recommendations of the study.

Methods of Procedure and Source of Data

In order to answer questions set forth in the purpose

of the study, the following procedures were used:

From libraries and various other resource centers, per-

tinent information was obtained from books, bulletins, gov-

ernment publications, magazines, manuals, and related

studies.
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One private high school, two public high schools, and

one university having power mechanics courses were selected

for the noise survey. Noise measurements were made and data

recorded on appropriate data forms -during regular class

periods in the months of May and June, 1974.

The survey sound level measurements as well as the

experimental sound level measurements were made with a

General Radio sound level meter model No. 1551-C, serial

No. 6151. This meter met the American National Standards

Institute Standard S1.4-1961 for general purpose sound level

meters (4).

Information describing the physical characteristics of

each laboratory was also recorded at the time of the noise

survey. This included information regarding the width,

length, and ceiling height of the laboratory as well as the

type of surface material on the floor, walls, and ceiling.

The types of engines at each test area where noise level

data were taken were also recorded.

In preparation for each noise survey at the respective

schools, the appropriate battery checks and meter calibra-

tion checks were made on the sound level meter. This same

check was again made at the end of each survey.

A test area shield and an enclosure were constructed,

and sound level measurements were taken on ten engines of

different makes, types and applications, in the laboratory,
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the shielded area, and the enclosure. The measurements were

made to determine the amount of noise reduction attained at

various work stations within the laboratory using the shield

and enclosure.

Data were compiled from information gathered in the

resource centers, the facility information sheets, and the

sound level survey forms that were completed at each survey

and at the experimental laboratory. Appropriate charts.,

graphs and tables were devised and the data recorded. The

findings were summarized, conclusions drawn, and recommen-

dations made.

Limitations of the Study

This study was limited to:

1. Four schools which have an involved power program.

Noise level data were gathered from one private high school,

two public high schools, and one public university.

2. The level of noise was measured at: (1) operator's

ear level, (2) a work station ten feet from the test engine,

and (3) a work station twenty-five feet from the engine, at

locations both inside the laboratory and outside the

building.

3. Data collection at a single visit to the respective

schools on a school day while the class was in session dur-

ing the months of May and June, 1974 was made.
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4. Ten engines of different makes, types, sizes, and

applications were used for the experimental portion of the

study.

5. Experimental laboratory measurements taken at:

(1) operator's ear level, (2) a work station ten feet from

the engine, (3) a work station twenty-five feet from the

engines, each in regular laboratory testing area, (4) opera-

tor's ear level in shelter and enclosure, (5) a work station

one foot from shield and enclosure, (6) a work station ten

feet from shield or enclosure, and (7) a work station

twenty-five feet from the shield and enclosure.

Definition of Terms

For the purposes of clarification within this study,

the following terms were defined:

Acuity is keenness of hearing.

A-scale sound level (dBA) is a quantity, in decibels,

read from a standard sound-level meter that is switched to

the weighting scale labeled "A.'" The A-scale discriminates

against the lower frequencies according to a relationship

approximating the auditory sensitivity of the human ear at

moderate sound levels (2, p. 345).

Attenuate is to lessen or weaken in severity or value

and is usually expressed in decibels.

C-scale sound level (dBC) is a quantity, in decibels,

read from a standard sound-level meter that is switched to
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the scale labeled "C." The C-scale weights the frequencies

between 70 Hz and 4000 Hz uniformly but discriminates some-

what against frequencies below and above these limits. C-

scale measurements are essentially the same as overall

sound-pressure levels, which require no discrimination at

any frequency (2, p. 346).

Decibel (dB) is a unit for measuring the volume of a

sound equal to the logarithm of the ratio of the intensity

of the sound to the intensity of an arbitrarily chosen

standard sound (2, p. 347).

Duct lining or wrapping is a sheet of porous material

placed on the inner or outer wall(s) of a duct to introduce

sound attenuation and heat insulating. Linings are more

effective in attenuating sound that travels inside along the

length of a duct while wrappings are more effective in pre-

venting sound from being radiated from the duct sidewalls

into surrounding spaces (2, pp. 347-348).

Frequency is the number of times per second that a

sine-wave repeats itself. It is expressed in hertz (Hz),

formerly in cycles per second (cps) (2, p. 348).

Hearing loss is the amount, in decibels, by which the

threshold of audibility for that ear exceeds a standard

audiometric threshold at a specified frequency (2, p. 349).

Hertz (Hz) is a unit of measurement of frequency,

numerically equal to cycles per second.
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Masking is the process or amount by which the threshold

of audibility of a sound is raised by the presence of an-

other (masking) sound. The unit customarily used is the

decibel (2, p. 350).

Noise is any disturbing, harmful, or unwanted sound.

Noise control is the technology of establishing appro-

priate acoustical criteria to minimize noise and of modi-

fying sources, transmission paths, and/or receivers of noise

for the purpose of satisfying those criteria (2, p. 351).

Noise hazard is an acoustic stimulation of the ear

which is likely to produce noise-induced permanent threshold

shift in some fraction of a population (19, p. 62).

Noise-induced permanent threshold shift (NIPTS) is an

elevation of the threshold of hearing at a specified fre-

quency which shows no progressive reduction with the passage

of time when the causative noise has been removed (14,

p. 62).

Noise-induced temporary threshold shift (NITTS) is a

temporary elevation of the threshold of hearing at a speci-

fied frequency which is caused by noise exposure and which

shows a progressive reduction with the passage of time after

the noise has been removed (14, p. 62).

Noise level or sound level is the reading of a standard

sound level meter when the meter is subjected to a given

sound (2, p. 351).
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Occupational hearing loss is a permanent hearing loss

sustained in the course of following an occupation or em-

ployment.

Presbycusis is the decline in hearing acuity that nor-

mally occurs as a person grows older (2, p. 353).

Shielding is the process of providing attenuation of

sound by interposing a wall, building, or other barrier

between an acoustic source and a receiver (2, p. 354).

Sound-level meter is an instrument comprising a micro-

phone, an amplifier, an output meter, and frequency-

weighting net-works that is used for the measurement of

noise and sound levels in a specified manner (2, p. 355).

Speech-interference level (SIL) is the level of sound

given in dBA above which a person cannot carry on reliable

verbal conversation at a given distance (2, p. 356).

Threshold of hearing (audibility) is the minimum effec-

tive sound pressure level of an auditory signal capable of

exciting the sensation of hearing (14, p. 64).

Tinnitus is a sensation of ringing in the ear or head.

Related Studies

Guignard's (5) study of limiting noise exposure for

hearing conservation used a statistical analysis of existing

data to predict the risk to hearing from specified noise

exposures. The study revealed that the majority of existing
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data were collected from the most common variety of urban

and industrial settings and were therefore centered around

occupationally related hearing losses. Now he indicated it

has to be considered in the wider social context of possible

damage to the hearing from environmental noise to which the

general population may be exposed, either voluntarily or

unwittingly, in the course of day-to-day living. The find-

ings indicated 75 dBA sustained for 8 hours or 70 dBA for

24 hours per day to be the threshold for detectable noise-

induced permanent threshold shift at the 4000 hZ level.

This level is the most sensitive audiometric frequency. At

the conventional speech frequencies of 500, 1000, and 2000

Hz, the threshold may be 10 dB higher, that is, 85 dBA for

a daily exposure of 8 hours. In the case of daily noise

exposure for cumulative durations other than 8 or 24 hours,

an equivalent continuous sound level was calculated and

charts made. The study recommended further research of

noise exposure beyond the conventional 8-hour working day

and the significance of high-tone (above 2000 Hz) losses of

hearing. It was pointed out in this study that there is

need for public noise monitoring, education concerning

hazards, and the posting of warning notices.

In a study by Johnson (7), comparisons were made be-

tween the relationship of noise exposure and noise-induced

permanent threshold shift as predicted by the works of
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Passchier - Vermeer, Robinson, Baughn and Kryter, and the

unpublished work of the National Institute of Occupational

Safety and Health. Johnson used three leading predictive

methodologies and averaged the results. The study indicated

that some criticized this method as being unscientific.

Another method would be to pick the best one, but in so do-

ing there is the chance of picking the worst one. Johnson's

method prevents the possibility of picking the worst one and

with good results. The author presented data concerning

noise-induced permanent threshold shift in relation to sound

levels and duration per day over various numbers of years

exposure. The results indicated 4 per cent of the popula-

tion would have more than 5 dB hearing loss after a 40-year

exposure of 72 dBA sound level 8 hours per day. The same

evaluation indicated that 92 per cent of the population

would show more than 5 dB noise-induced permanent threshold

shift after 40 years of 85 dBA exposure.

Pontynen's (9) study was an evaluation of noise levels

in college welding laboratories and their effect on student

hearing. He measured the noise level that existed at

selected student work stations in welding laboratories of

twenty Northern California community and senior colleges.

He found that the level of noise at the individual work

stations ranged from 75 to 105 dBA slow response. The

findings disclosed that arc welding and oxy-acetylene



15

cutting were not the major contributors to existing noise.

The means of the levels of noise for these operations was

83 and 80 dBA respectively. However, the operations of

chipping and cleaning welds and of grinding metal in

preparation for welding did produce sound-levels of 90 to

96 dBA respectively.

It was found that acoustic ceiling treatment or ceil-

ing height of the laboratories had little effect on the

noise conditions at the selected work stations. The data

of the study indicated that those laboratories with acoustic

ceilings were only one decibel quieter than those without.

The laboratories with 16-foot or higher ceilings were actu-

ally two decibels noisier than those with lower ceilings.

The experimental part of the study revealed a significant

temporary threshold shift in the 4000 Hz range, with smaller

shifts in the 2000, 1000, and 500 Hz ranges. There was no

measurable permanent threshold shift within the six-week

testing period.
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CHAPTER II

POTENTIAL DANGERS AND PROBLEMS ASSOCIATED
WITH EXCESSIVE NOISE

Temporary and Permanent Hearing Loss

Noise affects the human organism in several different

ways. The most obvious effect, of course, is on the hearing

organs. The fact that excessive noise may cause auditory

damage is reported to have been recognized many years ago.

Bell (4, p. 11) described how craftsmen engaged in the ham-

mering of copper became hard of hearing or completely deaf

as they grew old at their work. Harris (11, pp. 5-11) made

reference to effects upon hearing resulting from railroad

and boiler-making noise as having been recognized in the

latter part of the nineteenth century.

Considerable information on noise levels and effects

upon hearing is available at present. It is known that a

loud noise, such as an explosion of a fire cracker, can

produce momentary deafness. This phenomenon is known as

noise-induced, temporary threshold shift. The noise inten-

sity and its duration determines the extent of the shift.

It may last only a split second or it can last for hours.

Normally, recovery takes place within twenty-four hours

(5, p. 66)

18
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Permanent hearing loss or permanent threshold shift is

of far greater concern than temporary threshold shifts.

Hearing loss can be caused by a single, traumatic noise

such as a large explosion, gunfire or hammering on metal.

The vibrations are so intense that the organs in the ear

are torn apart inflicting much pain.

The areas affected in such a case are usually the ear-

drum or the middle ear including the hammer, anvil, and

stirrup. The ear drum may rupture, or the middle ear bones

may dislodge causing mechanical malfunction. A dislodging

of the mechanics of the inner ear is also possible but

probably not as likely. Less intense but severe vibrations

or vibrations of considerable intensity frequently repeated

interfere with cellular processes of the organs and cause

their eventual breakdown, which seems to be the case in

prolonged noise exposure. The area apparently affected is

the portion of the inner ear called the organ of Corti.

The organ of Corti consists of four or five rows
of hair cells, running parallel along the length of
the basilar membrane: an inner row of from 3000 to
3500 hair cells, and three or four outer rows of from
9000 to 12000 hair cells, or even more according to
some authorities. From each of these hair cells pro-
ject many hairs or cilia that make contact with the
tectorial membrane which extends over them. The hair
cells are connected in a complex fashion with some
20000 to 30000 nerve fibers---(13, p. 24).

The cilia of the hair cells are imbedded in the tec-

torial membrane in such a way that movement of the tectorial
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membrane causes a shearing action on the cilia, which in

turn stimulates the hair cell and nerve fibers. Newby (13)

indicated that some of the hairs or hair cells may be dis-

lodged by a traumatic noise such as a large explosion,

causing a sudden hearing loss.

A lesser noise may also exert an insidious, long-term

effect on the hair cells that produces a gradually increas-

ing hearing loss. What is particularly insidious about

noise-induced hearing loss is that it can and most often

does occur without the affected person being aware that his

hearing is being damaged. The amount of damage incurred

from noise exposure is proportional to the intensity of the

stimulus and the length of exposure to it. Even so, some

people are more susceptible to noise than others (13, p. 54).

The effects of long-term noise are illustrated by the

worker tested on Friday evening after five days of on-the-

job exposure to industrial noise. He may evidence an audio-

gram drop of 10dB at 3000 Hz, 20 dB at 4000 Hz, and 10 dB

at 6000 Hz, with all other frequencies at the normal hearing

level. After a weekend away from the noisy environment,

this same worker may have an audiogram on Monday morning

that shows normal hearing at all of the audiometric fre-

quencies. The presumed explanation for this finding is

that certain of the hair cells responsible for the reception

of the frequencies from 3000 through 6000 Hz have not been



21

destroyed or irreparably damaged by the noise exposure but

have been fatigued, and with rest they can recover their

normal function. This is an example of temporary threshold

shift. The worker then spends another week at his noisy

job, and again on Friday night his audiogram shows a thresh-

old shift. Perhaps by the following Monday morning his

hearing will be back to its normal level. If, however, this

procedure is repeated for many weeks and months, there.will

come a time when even after a weekend of rest the worker's

hearing at the affected frequencies will not quite return

to its former level of acuity. With succeeding months of

continued noise exposure on the job, the worker will demon-

strate on his Friday evening audiograms a deepening and

widening drop. Perhaps his audiogram will show levels of

10 dB at 2000 Hz, 20 dB at 3000 Hz, 40 dB at 4000 Hz, 20 dB

at 6000 Hz, and 10 dB at 8000 Hz. On Monday morning it may

be found that instead of returning to zero dB at all fre-

quencies, his hearing levels are 10 dB at 3000 Hz, 20 dB at

4000 Hz, and 10 dB at 6000 Hz. In other words, this worker

is now demonstrating some permanent noise-induced hearing

loss in addition to a temporary threshold shift. If this

hypothetical worker remains in his noisy job for a period

of several years, the degree of his permanent hearing loss

will increase both in the amount of loss sustained and in

the frequencies affected. Eventually the speech frequencies



22

are affected, and the worker, realizes that he is, in fact,

hard of hearing (13, pp. 249-251).

Another way in which noise-induced hearing loss is

insidious is that almost invariably the first evidence of

damage to the ears is found in the frequencies above the

speech range. One can incur a substantial loss at fre-

quencies above 2000 Hz without being aware of any difficulty

in communication under good listening conditions. Figure 1

demonstrates a typical progression in hearing loss due to

noise exposure with the passage of time.

Frequency in Hz

250 500 750 1000 1500 2000 3000 4000 6000 8000
-10

0

10 
1 Year

20-

5Years
-H 30

Q)40

50 10 Years~50L

-460

fd7 20 Years

80

90

100

Fig. 1--A typical progression in hearing loss as a
function of years of exposure to industrial noise of high
intensity (13, p. 251) .
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When the threshold shift widens to include 2000 Hz,

which could be several years, there is noticeable effect on

oral communication. Most people would not complain of being

hard of hearing until there is some noticeable effect on

their understanding of speech. By the time 2000 Hz is in-

volved, there may be a considerable degree of permanent

noise-induced hearing loss in the higher frequencies (11,

p. 250). Initially, the greatest hearing loss is somewhere

between 3000 and 6000 Hz. In time, the loss seems to lose

its localizationand there is a rather sharp continuing

drop.

The hearing conservationist has long sought a means to

predict what permanent hearing loss might result from a

given level of noise exposure for different lengths of time.

The phenomenon of the amount of temporary threshold shift in

hearing acuity which results from excessive noise exposure

and from which the subject seemingly fully recovers after a

period of several hours of auditor rest has been extensively

studied as a predictor of noise-induced permanent threshold

shift.

Kryter (12, p. 140) made known that because of the lack

of significant, direct, life-long studies conducted with

the same individual humans and because of low correlation

of some studies of susceptibility to temporary threshold

shift conducted with animals, some investigators question
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the usefulness of temporary threshold shift studies.

Kryter (12, pp. 166-170), however, went on to note that

similarities between temporary threshold shift and noise-

induced permanent threshold shift seemed reasonably well

established by the following resource data: (1) Exposure

conditions that do not cause temporary threshold shift as

measured two minutes after cessation of exposure in persons

with normal hearing can cause no noise-induced permanent

threshold shift when noise-induced permanent threshold

shift exposure is defined as 10-20 years of eight hours or

less of daily exposure. (2) Increasing the noise intensity

above certain levels causes, within limits, a roughly simi-

lar increase in temporary threshold shift and noise-induced

permanent threshold shift. (3) The frequency regions most

susceptible to temporary threshold shift are likewise most

susceptible to noise-induced permanent threshold shift.

(4) The common point of both temporary and permanent thresh-

old fatigue or damage appears to be in the hair cells and

their supporting cells on the basilar membrane.

An important study of noise-induced permanent threshold

shift caused from industrial noise was conducted under the

chairmanship of Rosenblith by Committee Z24-X-2 of the

American Standards Association (2). From data made avail-

able by this study, the general relations, called trend

curves, between noise exposure and the hearing losses of
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the exposed employees were determined. The threshold shifts

reported in this study were corrected for that hearing loss

which would be expected from presbycusus. The trend curves

reported threshold shifts for the frequencies of 1000, 2000,

and 4000 hertz. The greatest threshold shift occurred at

4000 Hz, and the expected threshold shift for an industrial

worker after 10 years of exposure to 83 and 88 decibels of

steady state noise was 12 and 18 dB respectively. Along

with other detailed data, these trend curves reported by the

American Standards Association showed expected threshold

shift for industrial workers who were exposed to steady

noise of only 73 dB for a period of seven years. This group

of workers experienced a threshold shift of only two deci-

bels while the group of workers exposed to 88 dB of steady

state noise experienced a shift of 12 dB during the same

period of time (2, pp. 30, 31).

The American Industrial Hygiene Association also has

done some research on the prediction of permanent threshold

shifts. That association affirmed, "Studies have shown that

the temporary changes in auditory threshold are related to

permanent threshold shifts" (1, p. 50). This same associa-

tion also stated:

Habitual noise exposure does not produce permanent
threshold shift without also producing a temporary
threshold shift at the end of each day's exposure.
To determine whether a particular noise is permis-
sible, the temporary threshold level that is pro-
duced at 2,000 cps measured two minutes after the
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end of a continuous five-hour exposure, should be
compared with the threshold level that has been
selected as just permissible (1, p. 55).

A study by Summerfield, Glorig and Wheeler relating to

individual susceptibility to noise exposure shows that the

distribution of hearing loss caused by noise exposure fol-

lows a normal statistical curve. A few individuals are

highly susceptible, but equally few are only slightly sus-

ceptible (15, pp. 40-46).

Kryter has suggested that there is need for further

study of the complete relationships between temporary

threshold shift and noise-induced permanent threshold shift.

However, he proposed that there is now need to certify the

potential hazards of noise environments for which there are

no noise-induced permanent threshold shift data available

(12, p. 71). He also stated, "The available temporary

threshold data as a predictor of noise-induced permanent

threshold shift have been sufficiently substantiated to

offer a practical procedure to evaluate these potential

hazards" (12, p. 12)

Psychological and Physiological
Complications

Current studies of the effects of noise show clearly

that people repeatedly exposed to typical city noise levels

exhibit increased irritability and discomfort, severe ner-

vous tension, loss of ability to concentrate, impaired
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aptitude to perform even simple tasks, and loss of sleep

(3; 10, P. 3; 28).

A government committee stated that there was no con-

clusive evidence that moderate noise normally encountered

domestically or socially produces any apparent physiological

effects on most people, but such noise is capable of pre-

venting sleep, inducing stress and interfering with concen-

tration, communication, and recreation (16, p. 12). It was

also indicated that noise may also disrupt job performance

by interfering with speech communication, distracting atten-

tion, and otherwise complicating the demands of the task.

Noise was also implicated as a causative factor in indus-

trial accidents. While plausible, there is little data to

support this claim (9, p. 3, 4).

A California physician has collated the results of a

wide range of studies which suggest that chronic exposure

to high noise levels can result in other physical and psy-

chological afflictions from sore throats and sleeplessness

to heart attacks. An environment characterized by sudden,

irregular or inappropriate sounds can produce stress that,

combined with other anxieties, may precipitate an emotional

crisis (14, p. 94). Examples were cited by Berland. A

thirty-seven-year-old man was killed with a shotgun blast

by a disgruntled neighbor because of the noise at a drinking

party. A thirteen-year-old boy was shot and killed by a
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neighbor because of the noise the neighborhood children

were making which disturbed his sleep. A forty-four-year-

old man attempted suicide with an overdose of drugs because

his eleven children made too much noise while he was watch-

ing the olympic games on television (6, pp. 48, 49). These

noises of themselves are no more than everyday noises, but,

due to other emotional buildups, they were more than the

people could cope with.

Industrial noise became of interest to Doctor Giovanni

Straneo, M.D., in 1956, when he noticed what he thought was

a high incidence of high blood pressure among men who worked

in metal fabrication plants. Interested in causes of hyper-

tension and suspecting that the din of the factories was

one such cause, he began studying noise under controlled

conditions. Dr. Straneo's findings showed that noise of

even a mild degree causes blood vessels to constrict.

"Exactly three seconds after noise of 87 dB starts, arte-

rioles contracted, cutting the volume of blood within them

by half" (6, pp. 90, 100). The arterioles stayed con-

stricted as long as the noise was on whether the subject

was awake or sleeping, and it took as long as five minutes

to recover when the noise stopped. The same reaction was

noted whether factory noises were reproduced or a 3000 Hz

tone was played (6, p. 100) .
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Another finding was also related to the possibility

that noise can bring on heart attacks. This involves what

has been called blood sludge. Stated more medically by

Dr. Straneo, "This is the aggregation of erythrocytes (red

blood cells) in the tiny vessels which contract in spasm

under noise" (6, p. 100). If noise causes the blood to

thicken or to clot, the implications in terms of heart

attack and stroke are ominous indeed.

Inaudible Sounds

The affects of noise on the body already described

were produced by audible sounds which human beings can and

so often do hear. There are also profound effects on the

body which are produced by noise that cannot be heard,

noise either in the infrasonic or ultrasonic frequencies.

Ultrasound is more familiar to most people. These

frequencies range from about 20,000 Hz (the upper limit of

hearing) to 1000 megs Hz, and even higher, and have been

used medically for years. Feeble bursts of ultrasound are

beamed into eyes, brains, fingers, uteri, and other parts

of the body, and their echo-time measured by sophisticated

electronic instruments and displayed on glowing screens to

produce X-ray like images. Unlike X-ray, however, these

bursts of weak ultrasound cause no damage to cells. The

most powerful beams of ultrasound are used surgically as a
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sort of bloodless scalpel to destroy tissue without cutting

it away. Ultrasound can be focused on very small areas so

that the beam's destruction can be precisely pinpointed

(6, pp. 110-112). It has been noted that airborne ultra-

sound is not a practical threat to the ear except perhaps

in very unusual circumstances. Nevertheless, it is impor-

tant to recognize that a hazard may exist due to subharmonic

noise generated at audio-frequencies (below 20 kHz) when

ultrasonic equipment is operating (10, p. A10-2).

At the other end of the sound spectrum are frequencies

below those which can be heard. This is the world of infra-

sonics. The frequencies here range from about 20 Hz down-

ward to 1 Hz. A group of Air Force researchers headed by

Dr. Henning E. von Gierke of the Aerospace Medical Research

Laboratories at Wright-Patterson Air Force Base, Ohio, found

that "in the very low sonic frequency range, chest wall

vibration, gag sensations, and respiratory rhythm changes

were regularly observed" (6, p. 113). In the 50-100 Hz

range, "responses including headaches, choking, coughing,

visual blurring and fatigue were sufficiently alarming to

preclude undergoing higher level exposures without more

precise control of the noise environment and definition of

the physiologic affects elicited" (6, pp. 113, 114). These

effects were produced under experimental conditions. It
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does not appear that exposure to infrasound in day-to-day

activity presents a serious health hazard (17, p. G-ll).

Speech and Communication

Noise interferes with communication simply by getting

in the way. Interposed as it is between sender and re-

ceiver, it, in effect, garbles the message. During World

War II, for instance, the Allies searched for the cheapest

and most efficient way to jam the enemy's communications.

It turned out that the most effective way to do this was to

use noise of the same sound frequencies as the human voice.

This is technically called masking. This can be demon-

strated by making a tape recording at a large party where

everyone is trying to carry on a conversation at once.

Listening to that recording away from the party, you will

hear many conversations at once, but will probably be unable

to follow any one of them. Had you been present at the

party, you would possibly have been able to carry on a con-

versation with the person facing you while a multitude of

simultaneous conversations occurred all about you. Your

ears are receiving the same input of sounds as was the tape

recorder's microphone. But somewhere in your brain, the

sounds of the voice of the person you are conversing with

came to your conscious attention and the voices of everyone

else faded into an indistinguishable background din.



32

Despite these marvelous workings of the brain, the din

of the growing party can finally intrude on speech communi-

cation. This happens when the party guest density reaches

a critical point. At that point, the background noise is so

loud that you and your friend must raise your voices above

a comfortable conversation level. Unfortunately, everyone

else at the party has to do the same, and so signals and

noise rise together. The result is that you soon find your-

self shouting to be heard. This raising of voices to speak

against background noise, called the Lombard Effect, is

reflex in action (6, p. 62).

There are continuous spectrum noises, such as those of

a waterfall, a jet engine, or a moving train, that will

overwhelm the speech region at all frequencies. Thus, a

railroad train approaching a station where two persons are

talking makes it more difficult for the two to understand

each other, and at its peak, the train noise may make speech

impossible. By raising their voices and moving closer to-

gether, thereby elevating their speech region, the two

speakers may be able to achieve a slight measure of communi-

cation. There is a level, however, at which speech can be

too loud to be understood. A person shouting into a lis-

tener's ear may so overload the ear that the speech sounds

become unrecognizable (5, p. 70).
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A real safety hazard could be the result of not hearing

a warning device or a shouted warning. On January 18, 1968,

a middle-aged jeweler was held up in his shop on Times

Square and was shot four times. No pedestrian heard the

shots because they were drowned out by noise of compressed

air hammers and other construction equipment working nearby

(5, p. 10). In another case, two people were killed when

Senator Robert Kennedy's funeral train was passing through

Elizabeth, New Jersey--killed because the noise from the

low flying Secret Service and news media helicopters masked

out the warning horn blast of the approaching train that

hit them (7, p. 65).

To be intelligible, speech must be of proper sound

frequencies and loudness. Also, a certain percentage of the

spoken syllables, words, phrases, or sentences must be heard

correctly. One measure of the effect of noise on speech in-

telligibility is the Articulation Index, or A.I. Another is

the Speech Interference Level, or S.I.L. Even easier (if

not as accurate) is measuring the level of background noise

with the noise meter set on A scale.

In order to communicate in a normal voice when less

than a foot away, noise should not exceed 82 dBA. This

noise level, of course, diminishes with distance, as shown

in Table I. As distance increases, the dBA, as shown,

should not be more than 70 dBA at two feet, 64 dBA at four
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feet, 59 dBA at eight feet and so on. Increasing the inten-

sity of the voice from normal to raised, very loud, or

shouting allows the receiver to hear despite a higher noise

level. For example, at two feet, background noise should be

TABLE I

SPEECH INTERFERENCE LEVELS*

Distance From Speaker
To Listener (In Feet) Face To Face Conversational Levels*

Normal Raised Very Loud Shouting

0.5 82 88 94 100
1.0 75 82 89 94
2.0 70 75 82 88
3.0 66 73 79 88
4.0 64 70 75 82
6.0 61 66 73 79
8.0 59 64 70 76

10.0 55 61 68 74

*Webster, John C., The S.I.L.--Past, Present and

Future," Sound and Vibration, III (May 10, 1969).

**Expressed in dBA.

below 70 dBA, or if the party resorts to shouting he can be

heard in noise as high as 88 dBA. The results of a social

survey show 71 dBA to be the maximum acceptable level for

background noise for voice communication (7, p. 80). Above

this level, people complained or felt they were less able

to perform their jobs properly. Cohen has recommended a

S.I.L. of less than 55 dB as desirable for any office
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operation (8, pp. 83, 84). With these established values

and recommendations at hand, it is almost unthinkable that

a maximum learning situation could be carried on day after

day and year after year with background noise levels con-

siderably above those recommendations.

Ear Protection

Under the provisions of the Walsh-Healy Public Con-

tracts Act and the Occupational Safety and Health Act, occu-

pational noise exposure levels have been set. Protection

against the effects of noise must be provided when the over-

all noise level exceeds 90 dBA over an eight-hour period

(8, p. 74),. Some organizations have recommended instituting

hearing conservation measures at the 85 dB level. There

are reports that in the United Soviet Socialist Republic

personal protection is required for noise levels even below

80 dB. Noise levels in industrial work environments are

not allowed to exceed 70 dB unless hearing protection is

provided to the worker. It is not known if such a require-

ment is enforced (7, pp. 74, 75).
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CHAPTER III

SCHOOL POWER LABORATORY NOISE SURVEY

In this chapter the findings of the school noise survey

are reported. A description of the physical facilities as

well as data concerning noise conditions which existed in

the selected school power laboratories while students were

operating engines of various makes, models, types and appli-

cations will be presented. In as much as some engines are

tested outside of the building when possible, noise surveys

were taken outside as well as in the laboratories. Not only

is the engine operator affected by the engine noise but

also others in nearby areas. Because of this, survey mea-

surements were taken at the operator's ear level and at work

stations 10 and 25 feet from the engine.

Description of the Power
Laboratories Surveyed

Building size and type of construction as well as mate-

rials used in construction are likely to have an effect in

noise transmission; therefore, a physical description of the

respective power laboratories is given. Table II shows that

the areas of the power laboratories ranged from 832 to 2400

square feet of floor space with the mean size being 1400

square feet. Ceiling heights ranged from 10 to 14 feet,

38
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with one laboratory having a 10-foot ceiling, two having

12-foot ceilings and one with a 14-foot ceiling. Acoustic

material of some type covered the ceiling in one laboratory

while the remaining three had either concrete or a combina-

tion of steel and concrete. All the laboratories had con-

crete floors. Concrete, concrete block, brick, or plaster

surfaced all of the walls except for doors and windows.

Acoustic absorbing materials were not included in any wall

surfaces.

Engines and Conditions of Testing

The survey included engines of different makes. As

shown in Table III, 8 engines from 4 manufacturing firms

were tested. Horizontal shaft design accounted for 4 of

the engines tested while the remaining 4 had vertical

shafts. Five of the engines were four-stroke cycle and 3

were two-stroke cycle. Three of the engines were mounted

on equipment and 5 were on test benches. The engines were

tested with and without mufflers, at idle and at high speed

(near maximum rated revolutions per minute) both inside the

laboratories and outside of the buildings. Sound level

measurements were taken at the operator's ear level and at

work stations 10 and 25 feet from the engine.
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TABLE III

ENGINE DESCRIPTION AND APPLICATION

Engine
Number Manufacturer Type* Cycle Application

1 Briggs & Stratton H 4 Test Bench

2 Briggs & Stratton V 4 Lawnmower

3 Tecumseh V 2 Test Bench

4 Briggs & Stratton H 4 Test Bench

5 Clinton H 2 Edger

7 Power Products V 2 Test Bench

8 Briggs & Stratton H 4 Test Bench

*H-Horizontal shaft; V-Vertical shaft.

Results of Surveys

The survey consisted of ten sound level readings of

each engine taken at approximately three-second intervals.

The raw data obtained were then averaged and reported in

Table IV. The lowest reading indicated is 62.1 dBA mea-

sured at the work station 25 feet from the engine, both in-

side the laboratory and outside the building. In each case

the engine was operating at idle speed with muffler in-

stalled. The highest reading, 108.7 dBA, was measured at

the operator's ear level inside the laboratory with the

engine operation unmuffled at high speed. As shown in

Table IV, the mean of the noise levels ranged from a low of
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67.4 dBA measured both inside and outside the building,

with the engine operating at idle speed, muffler installed,

and noise meter positioned at the 25-foot work station, to

the highest mean which was 104.09 dBA. The latter measure-

ments were taken at the operator's ear level inside the

laboratories with the engines operating unmuffled at high

speed.

All students in the work area were exposed to the

engine noise although the survey showed that in every case

the engine operator was exposed to the greatest noise. The

higher noise levels measured at the unmuffled engines indi-

cate the necessity of using mufflers in school situations.

Figure 2 shows a comparison of unmuffled versus muf-

fled engines operating at high speed inside the labora-

tories. When measured at the operator's ear level, a mean

dBA reduction of 12.53 was achieved by using a muffler. At

work stations 10 feet from the engine, a reduction of 9.67

dBA was recorded, and at 25 feet, a- 7.40 dBA reduction was

measured. The noise level reduction achieved by increasing

distance from the unmuffled engine was 9.84 dBA at 10 feet

and another 6.32 at 25 feet,, giving an overall reduction of

16.16 dBA by moving 25 feet away from the noise source.

The muffled engine reduction was 6.98 dBA at 10 feet and

4.05 dBA at 25 feet, making an overall reduction of 11.03
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dBA

105

100

95
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85

80

75

70

Position Ear Level 10 feet 25 feet

Fig. 2--Average sound levels measured in the laboratory,
engines running at high speed, muffled versus unmuffled.

dBA at 25 feet. It appears that high noise levels are re-

duced more easily than lower noise levels.

The percentages of total engines tested at selected

stations, unmuffled and muffled, that measured above 90 dBA

is presented in Figure 3. The 90 dBA sound level was used

as a level of significance because that is the level con-

sidered safe by the Environmental Protection Agency for an

eight-hour exposure. The measurements at ear level revealed

100 per cent of the unmuffled engines and 62.5 per cent of

the muffled engines operating above 90 dBA. By moving the

sound meter 10 feet. froze the engines being tested, the re-

sulting sound levels showed a decline from 100 to 87.5 per

cent for the unmuffled engines and from 62.5 to 0 per cent

Unmuffled

Muffled
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Position

Operator's rT hmM-
Ear Level'

10 Feet

25 Feet

Per cent 0~ 294 08 0

'-'" L Unmuff led

**2P2Xg Muf fled

Fig. 3--Per cent of total engines tested that measured
above 90 dBA, unmuffled versus muffled at different posi-
tions.

for the muffled engines. At the work station 25 feet from

the test engines, 25 per cent of the unmuffled engines were

still emitting sound levels above 90 dBA while none of the

muffled engines were above 90 dBA.

Moving the same engines outside helped slightly. All

unmuffled engines still recorded sound levels of 90 dBA or

more at ear level. Only 12.5 per cent of the muffled

engines registered above 90 dBA with all others below the

90 dBA level, though only slightly. All engines operating

under 90 dBA ranged from a low of 86.2 to a high of 88.8

dBA.

A comparison of the noise levels generated by the two-

stroke engines versus the four-stroke engines was made. All

sound levels measured in the laboratory for each type were

averaged to make the comparison as accurate and fair as
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possible. The two-stroke engines averaged 86.80 dBA as

compared to 82.98 dBA for the four-stroke engines, which is

a difference of only 3.82 dBA. It is not possible to say

that this difference would always hold true because each

of the two-stroke engines as well as many of the four-stroke

engines were surveyed in different laboratories with differ-

ent physical conditions. The physical differences of the

laboratories are believed to have an effect on the sound

levels; therefore, comparisons could only be made if all

engines were tested in the same physical facility.

The physical characteristics of all laboratories were

quite similar. A description of the laboratories is pre-

sented in Table II. The ceiling heights varied only 4 feet

and the basic construction was very similar except for

laboratory Number 4, which had acoustic tile on the ceiling,

the only one to have any acoustic treatment. Averages were

made for all readings in each laboratory with the results

shown in Figure 4. The highest average, 87.45 dBA, was

collected in laboratory Number 3. The lowest, 81.86 dBA,

was collected in laboratory Number 2, making a difference

of 5.59 dBA. Laboratory Number 4 had an average sound level

of 83.66 dBA. It would seem that laboratory Number 2 was

quieter than laboratory Number 4 with the acoustic treat-

ment. This cannot be said with certainty because different

engines were used as sound sources. For this reason, it
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Fig. 4--Average of all sound
laboratories.

III IV

levels as measured in given

is not possible to establish any significant conclusions

about the effect on sound levels caused by the acoustic tile

or other physical laboratory variations.



CHAPTER IV

SOUND LEVEL REDUCTION BY SHIELDING

OR ENCLOSING TEST AREA

School noise surveys have indicated a need for better

sound control in power laboratories. In order to find the

effectiveness, in terms of noise reduction, of enclosing or

shielding engines with acoustical material within a given

laboratory, ten engines were selected and tested experi-

mentally. The engines tested were selected because they

were typical of engines most frequently operated in school

power laboratories.

Only common building materials were used in the con-

struction of the shield and the enclosure utilized in the

experiments. Furthermore, construction techniques employed

were within the ability range of industrial arts school

personnel and could be performed with typical industrial

arts laboratory equipment. This approach was chosen in

order that the sound control devices would be relatively

inexpensive and could be fabricated by industrial arts

teachers, students, or other school personnel.
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Description of the Experimental Laboratory
Shield and Enclosure

The laboratory in which experiments were conducted was

of similar construction to that of many present school power

laboratories. The laboratory used for experimental testing

was sixty feet by sixty feet, with a ceiling height of nine

feet. The floors were constructed of poured concrete and

the walls were of concrete block. The ceiling was exposed

J joist construction with metal decking.

The effectiveness of the sound control devices was as-

sessed from the results of tests within this particular

laboratory. The extent to which the results would be typi-

cal of those found by testing in laboratories of other sizes

and proportions and in which different building materials

were used could not be precisely assessed.

The shielded test area was located in a corner of the

room so that the concrete block walls would form two sides.

That portion of the laboratory walls in the area in which

the tests were conducted was covered with sheets of insula-

tion board. The shield panels were made of one-half inch

by four feet by eight feet sheets of insulation board. As

shown in Figure 5, the approximate size of the shielded

area was eight feet by eight feet. The shield panels were

positioned with a slight over-lap at the joints, and a

barrier of the same material was positioned in the passage
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Fig. 5--Test Area Shield

opening to prevent sound waves from exiting the work area

in a straight path.

The shield panels next to the building walls were only

leaning against the walls. The panels extending into the

room were fastened to the exposed steel ceiling joists.

This method of fastening may not be possible for every ap-

plication. The experimental shield could be completely
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assembled or disassembled in a few minutes by one person,

making it possible to use that space for other needs except

when necessary for engine testing.

In contrast to the shielded area but in the same loca-

tion, the experimental enclosure was constructed as a semi-

permanent structure using basically conventional building

materials. Figure 6 is a sectional view of the enclosure

1. Insulation Board. 2. Two-inch by four-inch Frame.
3. Two-inch by four-inch Plywood.

Fig. 6--Enclosure Wall Make-up
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wall. All interior walls, the ceiling and the floor were

of one-half inch plywood. Insulation board was placed

between the plywood and the wall studs. An additional sheet

of insulation board was placed on the exterior of the frame

wall. The plywood and insulation board seams were staggered

to give better sound control. All joints were caulked with

a good grade latex caulk. A door was placed in one end with

weather strip used on all sides. In the experimental in-

stallation, a built-up insulated floor was used. If such a

floor is not used it would be important to seal between the

walls and floor, especially if building on an uneven con-

crete floor.

The drawing in Figure 7 shows the basic size of the

enclosure to be six by eight by eight feet. The enclosure

was against an outside wall of the laboratory and a two-inch

pipe extended through the wall as an exhaust. A short

length of flexible rubber exhaust hose was used to connect

the engine exhaust to the pipe. In the initial measurement,

sound reduction was minimal. This was because of windows

in close proximity to the enclosure, allowing exhaust sound

to return into the building. The exhaust pipe was then

extended up the outside of the building until it was ap-

proximately three feet above the flat roof of the building.

This greatly reduced or eliminated sound re-entering the

building. An alternate approach to this problem would be
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Fig. 7--Test Area Enclosure

the use of a six- or eight-inch home heating duct that is

wrapped with insulation to prevent sound radiation. A

blower, such as a forced air furnace fan, connected to the

pipe outlet would pull out the exhaust fumes and noise and

would also scavenge the heat from the enclosure. When a

fan is used as described, a similar air duct for replacing

air must be provided to make it operational.
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Engines and Conditions of Testing

In the experimental portion of this study, engines

utilized were chosen from a broad range of manufacturers.

A description of the engines and their applications are

shown in Table V. Any one of the engines could be used in

TABLE V

ENGINE DESCRIPTION AND APPLICATION

Engine Manufacturer HP* Type** Stroke ApplicationNumber Mnfcue

1 Briggs & Stratton 3 V 4 Lawnmower

2 Clinton 3 H 2 Edger

3 Cushman 7 H 4 Scooter

4 Briggs & Stratton 2 H 4 Edger

5 Briggs & Stratton 4 V 4 Roto Tiller

6 OMC * V 2 Lawnmower

7 Homelite 5 H 2 Chain Saw

8 Tecumseh 7 H 4 Roto Tiller

9 Kohler 12 H 4 Garden Tractor

10 Briggs & Stratton 6 V 4 Vacuum

*, % T
7HP-viHorsepower.

**H--Horizontal shaft; V-Vertical

***Horsepower rating not listed.

shaft.

a typical power program. Seven manufacturing firms were

represented by the ten engines chosen. The table also shows



56

clearly that the engines were used on seven widely varying

applications and ranged from two to twelve horsepower. One

lawnmower was not rated in horsepower. Horizontal shaft

design accounted for six engines and four were of vertical

shaft design. Seven engines were four-stroke cycle and

three were two-stroke cycle.

It was pointed out in Chapter III that engine mufflers

should be used at all times in the school shop. Therefore,

in the experimental portion of the study, only engines with

mufflers were tested. The engines were tested in the labo-

ratory without noise control, at the operator's ear level

and at work stations 10 and 25 feet from the engine. Then

the engines were tested again, inside the shielded area,

and at work stations 1, 10, and 25 feet from the shield.

The same procedure was followed using the enclosure. Sound

levels were then measured in the enclosure and at work

stations 1, 10, and 25 feet from the enclosure.

Results of Sound Level Measurements

The results of the experimental tests are presented in

Table VI. The sound levels recorded represent a range from

54 to 110 dBA. The highest measurement, 110 dBA, was re-

corded when the sound level of the loudest engine running

at high speed was measured inside the enclosure. The low-

est reading, 54 dBA, was recorded when testing the least
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noise engine idling inside the enclosure, and when the mea-

surement was taken at a work station 25 feet away.

Data shown in Figure 8 illustrate the affects of the

shielded test area. Using engine number seven as an example,

operating at high speed, sound levels measured in the labo-

ratory were 105 dBA at the operator's ear level, 99 dBA at

dBA

110

95

85

75
* 10 25 * 10 25 * 10 25

feet feet feet feet feet feet
Laboratory Shield Enclosure

*Operator

Fig. 8--Sound level in dBA increase or decrease by
operating engine in enclosure.

the work station 10 feet from the engine, and 97 dBA at a

distance of 25 feet. By placing the same engine in the

shielded test area, the operator's sound level exposure was

decreased slightly, 1 dBA, to a level of 104 dBA. The sound

levels measured at work stations 10 and 25 feet from the

shield were 90 and 89 dBA respectively. Those sound levels

represent a decrease of 9 dBA at 10 feet and 8 dBA at 25

feet.

Zo el/

01 A V/zj / __ __
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The effects of the enclosure are also shown in Figure

8. Using for comparative purposes the same engine, number

seven, operating at high speed, the operator's sound level

exposure was increased from 105 to 110 dBA in the test en-

closure. At the same time, the sound levels at the work

stations 10 and 25 feet from the enclosure were decreased

to 78 and 77 dBA a reduction of 21 and 20 dBA respectively.

Thus, the enclosure was more effective than the shielding

device in reducing sound levels, since the reductions were

14 and 13 dBA greater.

The engines operating without sound control devices

emitted sound levels well above the Environmental Protection

Agency's limit of 90 dBA for an eight-hour exposure. They

were reduced to a level below that standard when the devices

were used. When operating the engines in the shielded area,

sound levels were 90 dBA at 10 feet and 89 dBA at 25 feet,

which is marginal according to the EPA's 90 dBA standard.

The enclosure reduced the sound levels produced by the same

engine to 78 and 77 dBA at the work stations.10 and 25 feet

from the test area, which is well below the Agency's

standard.

As shown in Figure 9, the average sound levels emitted

by the ten engines, operating at idle speed, were measured

at given positions in the basic laboratory, the shielded

area, and the enclosure. It can be seen again that an
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average sound level in the laboratory of 83.6 dBA was in-

creased for the operator to 86 and 88.8 dBA in the shielded

Position

Operator's'######## ###################
Ear Level XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

//////////////// ////////////IZZZZZZZZZZ
1 Foot *

XXXXXXXXXXXXXXXXXXXXX

10 Feet ###############_ ######
XXXXXXXXXXXXXXXXXXXX)~

25 Feet
xxxxxxxxxxxxxxxxxxxj

dBA 50 55 60 65 70 75 80 85 90

Basic Laboratory

XX Shield

171 Enclosure

* No measurement at this position

Fig. 9--Average sound levels of all engines operating
at idle speed and at given positions.

and enclosed areas respectively. At the same time, the

sound level decreased for all other students. There was a

22.1 and 26.9 dBA decrease respectively in sound levels when

shields and enclosures were utilized and measurements were

recorded one foot from the test area. At greater distances

from the test area, sound levels were decreased even more,
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until an average minimum sound level of 58.5 dBA was mea-

sured when the engines were inside the enclosure and the

measurements were taken at the work station 25 feet away.

Similar results are shown in Figure 10, in which aver-

age sound levels of all engines operating at high speed

Position

Operator's #################################
Ear Level XXXXXXXXXXXXXXXXXXXXXXXXxxxxxx

77777777777777777 777777777=7

1 Foot

/777777777m

10 Feet
XXXXXXXXXXXXXXXXXX

25 Feet ________________

xxxxxxxxxxxxxxxxI~
77777777l

dBA 60 65 70 75 80 85 90 95 100 105 110

### Basic Laboratory

XXX Shield

I77 Enclosure

* No measurement at this position

Fig. 10--Average sound levels of all engines operating
at high speed and at given positions.

and at given positions is presented. The average sound

level of 97 dBA measured near the operator's ear in the

laboratory was raised to 97.5 dBA in the shielded area and
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to 101.8 dBA in the enclosure. When the shield and enclo-

sure were utilized, those levels were decreased to 84.4 and

71.9 dBA respectively when measured one foot from the

devices. The measurements at work stations 10 and 25 feet

from the enclosure were further reduced to 82.5 and 80.0

dBA respectively for the shielded area and 69.4 and 67.6

dBA for the enclosed test area.

It was pointed out that sound levels generated in the

laboratory were usually increased somewhat at the operator's

ear level when the test engine was placed in the shielded

area or the enclosure. This effect increased the danger to

the operator, making it necessary for him to wear hearing

protectors. At the same time, it decreased the sound level

in the remaining portion of the laboratory to a safe level

for other students.



CHAPTER V

SUMMARY, FINDINGS, CONCLUSIONS,

AND RECOMMENDATIONS

Summary

This study was made to find the effects of noise on

the human body, to measure sound levels that exist in

school power laboratories, and to design and evaluate the

effectiveness of two noise control devices. Through a

sound level survey, an attempt was made to determine if

noise, primarily excessive noise, exists in school power

laboratories. Measurements of noise levels were made at

given distances from the engine test areas in selected

school power laboratories. Using an accurately calibrated

testing device, further study was conducted to find the

extent to which noise in power laboratories can be reduced

by shielding or enclosing the engine test area.

The study was limited to four schools that had typical

power programs. The schools included one private high

school, two public high schools, and one public university.

During the study, measurements were taken at the operator's

ear level and at work stations ten and twenty-five feet

from the engines tested. Measurements were taken with the

engines running at idle speed and at high speed, both
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inside the laboratory and outside of the building. Those

measurements were taken both with and without standard

manufacturer's exhaust mufflers.,

The experimental portion of the study involved the

design and construction of a test area shield and a complete

enclosure for the test engines. Measurements of the levels

of sound produced by the engines were then taken and evalu-

ated to determine if these devices would lower the noise

levels in the given laboratories. In the construction of

the shield and the enclosure, common building materials

were used. Relatively inexpensive materials and equipment

and simple construction techniques were used, thus enabling

the sound control devices to be fabricated by industrial

arts teachers, students, or other school personnel.

Ten engines typical of those found in school labora-

tories were chosen for the part of the study in which

experimental testing was done. The engines chosen covered

a broad spectrum as to manufacturers, sizes, and commercial

applications. For comparative purposes, these engines were

tested in the open laboratory as well as in the shielded

area and the enclosure. Sound level measurements were

taken at the operator's ear level and at work stations ten

and twenty-five feet from the engines' test area. Also

included in this portion of the study was a test measure-

ment taken at a distance of one foot from the shielding
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device and the enclosure. Data from the surveys and the

experimental portion of the study were tabulated, and

appropriate graphs, charts, and tables were prepared.

Findings

As a result of this study, the following findings are

presented:

1. Hearing loss caused by noise exposure may be

caused instantly by a sudden sharp or loud noise, or it

may be caused gradually due to a moderate noise extending

over a long period of time.

2. A hearing loss can be sustained that will be

temporary providing it is not often repeated.

3. Gradual hearing loss is usually not detected until

it is serious, unless regular audiometric examinations are

taken.

4. A temporary hearing loss routinely repeated can be

a predictor of permanent hearing loss.

5. The amount of damage incurred from noise exposure

is proportional to the intensity of the stimulus and the

length of exposure to it.

6. Noise may disrupt job performance and effective

instruction by interfering with speech communication or by

distracting attention.

7. An environment characterized by sudden, irregular,

or inappropriate sounds can produce stress that may, when
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combined with other anxieties, precipitate emotional

problems.

8. Noise causes blood vessels to constrict, which

in turn causes high blood pressure.

9. Published survey results indicate 71 dBA to be

the maximum acceptable level for background noise for effec-

tive voice communication.

10. The Walsh-Healy Public Contracts Act and the

Occupational Safety and Health Act have set 90 dBA as the

maximum sound level for an eight-hour exposure.

11. School power laboratories surveyed were of con-

crete or masonry construction with little or no acoustic

treatment.

12. All engines tested during the survey registered

sound levels above 90 dBA when operated at high speed with-

out mufflers.

13. Sixty-two and one-half per cent of the engines

tested registered sound levels above 90 dBA when operated

at high speed with mufflers installed.

14. Sound levels inside the enclosed test area are

greater for the engine operator than in a regular

laboratory.

15. Sound levels at work stations other than the

engine testing area are reduced considerably by using the

shield or enclosure.
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16. When using the enclosure with engine exhaust

piped outside, the exhaust stack must extend above the

building roof to limit sound re-entry through windows or

other openings in the laboratory.

Conclusions

Based upon the findings of this study, the following

conclusions were drawn:

1. Noise has undesirable physical and psychological

effects on the human organism to the extent that those

responsible for the health and safety of students and other

school personnel should expand their efforts to reduce

levels of noise in industrial arts power classes.

2. School power laboratories are designed and con-

structed with little or no concern for the control of

sound.

3. Simple, inexpensive noise control devices would

reduce noise levels to which teachers and students in

industrial arts power laboratories are routinely exposed.

4. There is a need to reduce noise levels in indus-

trial arts power laboratories in order that transmittal of

safety warnings and other instruction can be more effective.

5. Schools have the capability, through activities in

power laboratories, of reinforcing efforts of medical and

governmental agencies in their attempt to improve the

environment by noise reduction.
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Recommendations

Based upon the findings and conclusions of this study,

the following recommendations are submitted:

1. Power mechanics teachers and school administrators

should increase their efforts to find the noise levels that

exist in power laboratories and take necessary corrective

action.

2. The curriculum for power mechanics classes should

include instruction related to the hazards of excessive

noise exposure and methods of protecting oneself from this

exposure.

3. Research should be done to determine the degree

of permanent hearing loss experienced by power mechanics

teachers over a period of years.

4. Research should be conducted to measure the effec-

tiveness of available acoustical materials and their appli-

cations in the construction of school power laboratories.

5. A study should be made of sound levels in other

areas of industrial arts such as woodworking and metal-

working.

6. Industrial Education teacher preparation programs

should provide in their curricula information concerning

noise hazards and a study of the latest developments in

sound control technology.



APPENDIX A

NOISE SURVEY REPORT FORM

Laboratory No. Date and Time

Recorded by

Instruments Used:

Sound Level Meter Make and Model

Serial No.

Sound Level Measurements Taken on

Scale

Response

Sound Level Meter Battery Checks:

Before Survey No. 1 No. 2 No. 3

After Survey No. I No. 2 No. 3

Description of the Laboratory:

Width feet,

Length _feet,

Ceiling Height feet

Material of the Room Surfaces:

Floor

Walls_

Ceiling

69
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Description of Engines Tested:

Engine No. Make Model Serial No. Shaft Application

1.

2.

3.

4.

Engine No.

1 2 3 4 5 6 7 8 9 10 Average
la
lb
lc
2 a
2b
2c
3a
3 a-%
3c
4a
4b
4c
5 a
5b
5c
6 a
6 b
6c
7 a
7b
7c
8a
8b
8c

ia" measured at operator's ear level.
"b" measured at work station 10 feet from engine.
"c" measured at work station 25 feet from engine.
"I" engine operating inside classroom at idle with muf-

fler installed.
"2" engine operating inside classroom at high speed and

muffled.
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"3" engine operating inside classroom at idle speed
unmuffled.

"4" engine operating inside classroom at high speed
unmuffled.

11511 engine operating outside building at idle with
muffler installed.

11611 engine operating outside building at high speed
and muffled.

"7" engine operating outside building at idle speed
unmuffled.

"8" engine operating outside building at high speed
unmuffled.
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