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1. INTRODUCTION

As a society evolves technologically, the sources of noise
grow in number and kind. Noise levels increase and the effects
of noise on society become increasingly severe. Concomitantly,
society continually requires more machinery, operatinm at higher
speeds with greater power output. Aircraft, for examnle, have
continued to grow in number and noise level, creating almost in-
tolerable conditions for populations living, working, and vlaying
in the vicinity of airports. Trucks and construction eguipment
reguire inoféasingly powerful engines to enable a single operator
to move more goods, materials, or earth faster and more econonic-
ally. The thunder of these engines not only degrades the gquality
of life in our communities but also causes the operators to incur
substantial levels of permanent hearine loss. A pnrofusion of ap-
pliances that provide the energy needed to do everything from
brushing our teeth and cooling our houses, to washing our dishes,
disposing of our garbage, and cuttine our grass often generate
noise levels that interfere with conversation and disturb neich-
bors. Even the wilderness, once a refuge fronm hectic urban life,
is now disturbed by the noise of trail bikes, all-terrain vehic-

les, and snowmobiles.

niven that noise is a serious environmental problem, some
appropriate questions one might ask in seeking a comprehensive
noise-control objective are: Precisely what are the sources of
noise pollution? How many people are exposed to these sources
and how are they affected? What can be done to control the noise
output of offending sources? Th;s report attempts to answer
these questions for the specific categories of construction,

home appliances, and bullding equipment.



1.1 Source Characterization

The two principal objectives in characterizing sources are
(1) evaluating noise levels in quantitative terms that may be
used to determine the impact on people and (2) obtaining the in-
formation needed to assess the noise reduction that can be
achieved. Relating measurable aspects of sound to human response
is difficult at best. Such impact criteria as speech interfer-
ence, sleep interruption, and annoyance depend not only on the
physical nature of sound such as level, spectral content, and de-
gree of fluctuation but also on the nonphysical aspects of noise
such as the information content or implications of the sound. A
rattling piece of equipment is often annoying not because of the
noise level but primarily because it indicates a malfunction re-

quiring attention.

Several attempts have been made to include various aspects
of noise in a single number related to annoyance. Most of these
methods try to account for the unegual sensitivity of the human
hearing mechanisms to different frequencies and some try to ac-
count for fluctuations of level with time. A single number which
accounts rather well for the human ear's relative insensitivity
to low and very high frequency sound is the A-weighted scale.
This weighting has been found to correlate about as well with
annoyance as other indices [7]; it is qulte widely accepted and
can be read on a meter. 1In this report, we use A-weighting [dB(A)’

to characterize noise insofar as impact evaluations are concerned.

Noise spectra are of far more use than single number ratings
for assessing the contribution from various components to total
noise levels. Pure tones associated with integer multiples of
speeds of rotating machinery often appear as identifiable spec-
tral peaks. Exhaust noise from an internal combustion engine



typically contributes the dominant low=-freguency component,
whereas engine structural radiation and turbocharger whine usually
generate the high-frequency levels. Hence, where possible, we

provide noise spectra in octave or one~third octave bands.

Once sources have been characterized, we evaluate the abate-
ment potential associated with each. Our evaluation is based on
a somewhat broad analysis of the component contributions and to
a great extent on judgment developed from experience with similar
sources. For example, prior work with internal combustion engines
enables us to estimate the benefit achievable from state-of-the-
art mufflers or engine enclosures. We estimate our predictions
of achievable abatement potential to be within *5 dB. A more
accurate prediction of noise reduction would recuire detailed
diagnosis of contributions from each source cocmponent and imple-

mentation of experimental noise-control treatment.

Because of the large number of sources evaluated (see Sec.
2), we place much detailed information (e.g., a number of noise
spectra for sources whose impact is small) in Appendix A. In-
cluded in Appendix B is the background to the development of im-

pact criteria and in Appendix D a discussion of existing standards.

1.2 Impact Eva1uat50n

We evaluate the impact of noise on people, using two princi-
pal measures: intensity and extent. Clearly, it 1s important to
know the levels to which a person may be exposed and the effects
of this exposure. Thus, once the sources have been. characterized
and the relation of a listener to the source has been postulated,
we estimate the physiolcgical, psychological, and sociological
effects of the noise. For example, permanent hearing damge 1is

likely to occur for a significant percentage of the vopulation



exposed to levels of 90 dR(A) for eight hours a day over an ex-
tended period of time. If the exposure time is short (e.g., 15
minutes a day), the noise may or may not contribute to hearing
damage, but during exposure one cannot conduct an intelligible
conversation. Exposure during evening hours to levels of noise
that exceed approximately 70 dB(A) will usually lengthen the time
one requires to go to sleep or will awaken someone who is already
asleep — especially if the noise is intermittent and the back-
ground level is low.

The extent.of noise impact 1s as important as the intensity in
assessing the magnitude of noise pollution since this measure
gives some perspective to the contribution from various sources.
A truly comprehensive assessment would involve a detailed social
survey with extensive noise measurements and statistically sieg-
nificant samples from every stratum of society.‘ Such a program
would no doubt consume millions of dollars and several calendar
years. Clearly, this approach is not feasible in the three-month
time period available for this study, nor would it represent an
entirely justifiable allocation of resources. The goal of deter-
mining the impact of noise can be viewed only as an intermediate
step to solving the actual problem: reducing the noise exposure
of our population. Hence, an order-of-magnitude assessment of
impact is probably an adequate guide to the development of a noise-
abatement program. What matters, for example, is that approxi-
mately six million workers on night shifts and children under
four cannot sleep because of construction noise. One's approach
to construction-noise abatement would probably not be different
1f the figure were two million or ten million. We therefore pro-
vide this impact evaluation, not by social survey, but by esti-
mating (1) the noise levels to which people are exposed, (2) the
effects of noise on these people, and (3) the number of people



exposed. These estimates are based on measured values of eguip-
ment noise, data on human response to noise, statistics of equio-
ment utilization, and statistics of population distributions.

The impact of construction, appliances, and building equipment 1is

discussed in Sec. 3.

1.3 Industry Assessment

To bring about control of environmental noise, the EPA must
have information not only about the technology of abatement but
also about the nature of the industry it may be called upon to
influence. An understanding of the pressures for and against
noise control is helpful in assessing the extent to which an in-
dustry is likely to institute noise control measures on its own
and how the industry will be affected if it is compelled to pro-
duce guieter products. For example, the princival impact of con-
struction noise, other than hearing-damage risk to overators (who
have been amazingly casual about theilr plight), is on the comnmun-
ity rather than the purchaser. The community has been able to
exert very little influence on the purchaser or the manufacturer,
the result being that very little has been accomplished in guliet-
ing construction equipment. For example, diesel-powered equipment
is sometimes advertised and sold without even mufflers. A small
number of companies, however, have begun to produce quiet equip-
ment; they attribute their recent success in the marketplace to
certain local noise legislation and to the threat of such regula-

tions spreading to other communities.

An example of the effects that noise regulations may have on
business comes from the home appliance industry. An air-
conditioner manufacturer has indicated that certain marketplace
pressures inhibit him from implementing additional noise control
in bottom-of-the-line items. He argues that more nolse control



would increase the price of an item, thereby harming his competi-
tive position. If all manufacturers were required to make their
oroducts quieter (and therefore more costly), one could argue that
& segment of the population at lower income levels could no longer

afford air-conditioners and would be deprived of that comfort.

By interviewing manufacturers of construction eguipment,
home appliances, and bullding equipment, we obtained their views
of the relevance of noise control to their business. We found a
substantial difference between the attitudes of people who manu-
facture construction equipment and those who manufacture appli-
ances. The former, who find practically no marketplace demand
for quiet equipment, are faced with the prospect of a mélange of
state and city ordinances; they almost welcome "reasonable” fed-
eral standards. The latter find an increasing marketplace demand
for quiet appliances and prefer not to see the implementation of
federal standards or labeling requirements. Chapter 4 of this re-
port contains an analysis of the pressures on industry to reduce
(or not to reduce) noise levels, its response to these pressures,

its present achievements, and its potential.



2. SOURCE CHARACTERIZATION
2.1 Construction Equipment and Operation

Construction has become a major noise problem in many cities
and towns. The trend toward urban renewal and more hizh-rise
structures has created an almost perpetual din on city streets.
Equipment associated with construction projects 1is more numerous,
and the time span for construction at a given site has lenzthened.
Residents very near a construction site may well plan on two years
of intolerable noise levels as a high-rise structure is beine
built.

In this section, we consider the construction noise nroblem
as it relates to residential and nonresidential buildings, city
streets, and public works, because these kinds of project usually
take place in areas where the number of people likely to be ex-
posed is very high. Heavy construction, such as highways and
civil works, has been omitted from our study because the vast
bulk of this activity occlrs in thinly populated areas where the
noise affects very few people. We view construction as a pro-
cess that can be categorized according to type and that consists

of separate and distinct phases.

2.1.1 The construction process

The basic unit of construction activity is the construction
site, which exists in both space and time. The temporal dimen-
sion consists of various sequential phases which change the
character of the site's noise output as work progresses. These
phases are discussed further below. In the case of building con-
struction, the spatial character of the site is self-evident; in
the case of sewers and roads, the extent of a site is taken, for

reasons explained 1n Sec. 3.2, to be one standard city block or



about 1/8 of a mile. (That is, if a city reports 40 miles of
sewer construction, we consider that project as consisting of
320 separate sites.)

Construction sites are typically classified in the fifteen
categories in which construction data is reported by the U.S.
Bureau of Census and various state and municipal bodies. The

categories are:
* Residential buildings:

one- to four-family
Five-family and larger

* Nonresidential buildings:

Office, bank, professional
Hotel, motel, etc.

Hospitals and other institutions
Schools

Public works buildings
Industrial

Parking garages

Religious

Recreational

Store, mercantile

Service, repair station
* Municipal streets
* Public works (e.gz., sewers, water mains).

For purposes of allocating construction effort among the
different types of sites, 1t it possible to group the nonresiden-
tial sites into four larger categories which are differentiated
by the cost of the average building in each category, as well as

by the distribution of effort among the various construction



phases. These four groups, in order of decreasing average cost

per building, are:

«+ Office builldings, hospitals, hotels

+ Schools, public works buildings

+ Industrial buildings, parking garages

« Stores, service stations, recreational buildings, and

religious buildings.

Construction is carried out in several reasonably discrete
steps, each of which has its own mix of equipment and consequently
its own noise characteristics. The phases (some of which can be

subdivided) are:

* Building Construction
1. a. Clearing
b. Demolition
¢. Site preparation
Excavation
Placing foundations
4, a., Frame erection
b. Floors and roof
Skin and windows
5. a. Finishing
b. Cleanup

» ity Streets
1. Clearing
2 Removing old roadbed
3 Reconditioning old roadbed
4, Laying new subbase, paving
5. Finishing and cleanup



* Public Works
1 Clearing
2 Excavation
3. Compacting trench floor
4 Pipe installation, filling trench
5. Finishing and cleanup.

Defining the construction phases as above allows us to ac-
count for the variation in site noise output with time. By inven-
torying the equipment which is to be found at each site in each
phase, we can derive a representative source level for each phase

by the process described below.

2.1.2 Equipment noise characteristics

Despite the variety in type and size of construction equip-
ment, similarities in the dominant noise sources and in patterns
of operation permit one to assign all equipment to a very limited
number of categories. These categories are described below and
are indicated in Fig. 1, together with corresponding noise level
data., Corresponding spectra and the sources of this data are

given in Appendix A.

Equipment Powered by Internal Combustion Engines

The most prevalent noise source in construction equipment is
the prime mover, i.e., the internal -combustion engine (usually of
the diesel type) used to provide motive and/or operating power.
Engine-powered equipment may be categorized according to its mo-
bility and operating characteristics, as (1) earthmoving equip-
ment (highly mobile), (2) handling equipment (partly mobile), and
(3) stationary equipment.

Earthmoving equipment includes excavating machinery (back-

hoes, bulldozers, shovels, front loaders, etc.) and highway
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building equipment (compactors, scrapers, graders, pavers, etc.).
Internal combustion engines are used for propulsion (either on
wheels or tracks) and for powering working mechanisms (buckets,
arms, trenchers, etc.). Engine power varies from about 50 hp to
over 600 hp. Engine noise typically predominates, with exhaust
noise usually being most significant and with inlet noise and
structural noise being of secondary importance. Other sources
of noise in this equipment include the mechanical and hydraulic
transmission and actuation systems, and cooling fans (often very
significant). Typical operating cycles may involve one or two
minutes of full-power operation, followed by three or four minutes

at lower power.

Noise levels at 50 ft from earthmoving equipment range from
about 73 to 96 dB(A). The greatest and most direct potential for
noise abatement here lies in quieting the engine by use of im-

proved mufflers.

Engine-powered materials-handling equipment such as cranes,
derricks, concrete mixers, and concrete pumps, is used in a more-
or-less fixed location; mobility of this equipment over the ground
is not part of its major work cycle. Although noise from the
working process (such as the clanking of aggregate in the concrete
mixing bin) often is the most "identifiable" noise component, the
dominant source of noise generally is the prime mover. Noise
levels at 50 ft range from about 75 to 90 dB(A). The greatest
potential abatement for noilse again lies in engine quieting, with
treatment of power transmission and working mechanisms being of

secondary importance.

Statioﬁary equipment, such as pumps, electric power gener-
ators and air compressors, generally runs continuously at
relatively constant power and speed. Noise levels at 50 ft range

12



from about 70 to 80 dB(A), with pumps typically at the low end of
this range., Stationary equipment, because of its fixed location
and constant speed and/or load operation, may be quieted more
easily than mobile equipment; engine mufflers can be more effec-
tive, and use of enclosures becomes feasible. [In fact, noise
from some air compressors, has already been reduced by about

10 dB(A) by use of appropriate enclosures.]

The greatest near-term abatement potential for all current
equipment powered by internal combustion engines lies in the use
of better exhaust mufflers, intake sllencers, and engine enclo-
sures (in conjunction with appropriate cooling system and fan de-
sign). Reductions of 5 to 10 dB(A) appear to be achievable,
usually without great difficulty. Practical long-term abatement
[of about 15 to 20 dB(A)] can probably be achieved by basic engine
design changes. Of course, replacement of the internal combus-
tion engine by a quieter prime mover, such as a gas turbine or
electric motor, would eliminate the reciprocating-engine noise

source altogether.

Impact Equipment and Tools

Conventional pile drivers are elther steam-powered or diesel-
powered; in both types, the impact of the hammer dropping onto the
pile is the dominant noise component. With steam drivers, noise
is also generated by the power supply (a boiler) and the release
of steam at the head; with dlesel drivers, nolse is also gener-
ated by the combustion explosion that actuates the hammer. Noise
levels are difficult to measure or standardize, because they are
affected by pile type and length, but peak levels tend to be about
100 dB(A) (or higher) at 50 ft.
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Impact-noise is absent in the so-called "sonic" (or vibra-
tory) pile drivers. These do not use a drop hammer, but vibrate
the pile at resonance. The noise associated with pile vibrations
typically occurs around 150 Hz and is barely audible. The power
source, which generally consists of two gasoline engines, is the
primary noise source.

Abatement can be accomplished best by substituting use of a
sonic pile driver for an impact machine where possible. (Unfor-
tunately, sonic pile drivers are useful only for some soils.)
Impact noise reduction at the source generally is very difficult.
Substitution of nonimpact tools offers the best practical abate-
ment potential; otherwise, reductions of perhaps 5 dB(A) may be

obtained by use of enclosures.

Most impact tools, such as jack hammers, pavement breakers,
and rock drills are pneumatically powered, but there are also
nydraulic and electric models. The dominant sources of noise in
pneumatic tools are the high-pressure exhaust and the impact of
the tool bit against the work. Noise levels at 50 ft tvpically
range from 80 to 97 dB(A).

An exhaust muffler on the compressed air exhaust can lower
noise levels from the exhaust by up to about 10 dB(A). Pneumatic
exhaust noise, of course, is absent in hydraulic or electric im-
pact tools. Reduction of the impact noise from within a tool can
be accomplished by means of an external Jacket, which can contri-
bute perhaps a 5 dB(A) reduction. Reduction of the noise due to
impact between the tool and material being worked upon generally
is difficult and requires acoustic barriers enclosing the work
area and its immediate vicinity. Depending on the impacted struc-

tures, such barriers may reduce noise by 3 to 10 dB(A).

14



Small hand-held pneumatic tools, such as pneumatic wrenches,
generate noise of levels between 84 and 88 dB(A) at 50 ft. The
exhaust and the impact are the dominant noise sources. Because
of the obvious weight and size limitations to which hand tools
are subject, only small and light mufflers can be used with them,
limiting the achievable noise reduction to 5 dB(A) at best. The
best practical means for reducing the noise from impact tools
consists of using other types of tools to accomplish the same

functions.

2.1.3 Site noise characteristics

To characterize the noisiness — i.e., the average nolse an-
noyance potential — of the various types of construction sites
during each phase of construction, a Noise Pollution Level (NPL)
was calculated for each type of site and each construction phase.
The NPL used here was taken as the same measure that was used for
similar evaluation of traffic noise [2]. The NPL (in dB) is de-
fined as the sum of the A-weighted average sound pressure level
and 2.56 times the standard deviation of the A-weighted sound
pressure level®*; thus, NPL accounts for the effect of steady

noise, plus the annoyance due to fluctuations.

Although a thorough study relating NPL fo subjective descrip-
tors of annoyance (e.g., acceptable, unacceptable) has not been
accomplished, a provisional interpretation of NPL in such terms
can be suggested. On the basis of an evaluation of domestic and

¥fA-weighting refers to a standard weighting of the various fre-
quency components, approximating the behavior of human hearing.
The average sound pressure level is computed on the basis of the
time-average root-mean-square sound pressure, whereas the stand-
ard deviation is calculated from the time-varlation of the dB(A)

values.
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foreign social surveys and psycho-acoustic studies, the Depart-
ment of Housing and Urban Development has adopted a set of
"guideline criteria" [3] for outdoor noise levels in residential
areas as shown in Fig. 2 [4]. According to this chart, the com-
munity noise situation is evaluated by comparing a measured dis-
tribution of A-weighted levels with the criteria curves. The
situation is categorized by the region of least desirability

penetrated by the actual noise distribution. Since this criterian

i1s based on level distributions, the boundaries between regions
of acceptability may be defined in terms of the NPL. Thus, the
following descriptors of NPL values may be used in interpreting
the site noise NPL levels used in the remainder of this report.

Clearly Acceptable: The noise exposure
is such that both the indoor and out- )
door environments are pleasant. NPL less than 62 dB

Normally Acceptable: The noise exposure

is great enough to be of some concern

but common building constructions will

make the indoor environment acceptable,

even for sleeping quarters, and the out-

door environment will be reasonably NPL between 62 and
vleasant for recreation and play. 74 dB

Normally Unacceptable: The noise ex-

posure is significantly more severe so

that unusual and costly building con~

structions are necessary to ensure some

tranguility indoors, and barriers must

be erected between the site and promi-

nent noise sources to make the outdoor NPL between 74 and
environment tolerable. 88 dB

Clearly Unacceptable: The noise expos-

ure at the site is so severe that the

construction costs to make the indoor

environment acceptable would be prohibi-

tive and the outdoor environment would NPL greater than
still be intolerable. 88 dB

16



PERCENT OF TIME EXCEEDED

50%

100 \ \
99.5
” N \
. \ \
95
90 \ CLEARLY  __
\ \ UNACCEPTABLE
80
\ \ NORMALLY \
70 \ \ UNACCEPTABLE \
60 \ \
50 X \
40 NORMALLY %
ACCEPTABLE | \ %
. \ \ \%
20 o
N\ < \ S,
< ® .
\e 2. X"‘_
" RN N
% < ®
6 9. v. ®
CLEARLY \( N\ Xo&
ACCEPTABLE Y % z
2 N\ \G‘. \ - \?0
1.0 N o, > Z
&
0.6 AN A AN @, \
7/ 1
0.2 \ \ ° \
o N N\
40 50 60 70 80 90
A - WEIGHTED LEVEL (dBA)
FIG. 2 PROVISIONAL CRITERIA RELATING NPL TO COMMUNITY

NOISE ACCEPTABILITY

17



e must emphasize that these criteria have not been officially or
uncfficially adopted by HUD or any other government agency. ThHey
are presented here solely to enable the reader to interpret NPL

values computed in this report,

The aforementioned averages of noise annoyance potential
were calculated on the basis of information obtained on (1) the
number of each item of equipment typically present at a site (in
a given phase), (2) the length of the duty cycles of this equip-
ment, and (3) the average noise levels during operation. For
vurposes of site characterization, the noisiest piece of equip-
ment was assumed to be located at 50 ft from an observer, and
all other equipment was assumed to be located at 200 ft from the
observer; ambient noise, of levels depending on the surroundings
of the site, was taken to be present in addition to the equipment
nolse. (Note that pile driver noise was not included in the NPL
calculations, because its repetitive impact character makes its
intrusion characteristics different from the more continuous
rnoises for which the NPL concept was developed.) Clearly, this
construction noise model is not entirely realistic; however, it
nay be expected to fulfill its intended purposes — that of yield-
ing at least a relative measure of the noise annoyance associated
with each type of site and phase for the most adverse conditions

likely to be associated with each phase.

Table I shows NPLs calculated for each of five phases for
each of four types of construction. For residential housing and
opublic works construction, two NPL values are given in the table;
cne pertains to a noisy [70 dB(A)] background characteristic of
urban conditions, the other to relatively quiet [50 4AB(A)] am-
blent conditions found in suburban environments. As one may ex-
pect, the values indicated in the table reflect the fact that a
given intruding noise is more annoying if it occurs in a quieter

environment.
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The NPL values shown in Table I obviously depehd on the ore-
viously described model of site noise. For this model, the aver-
age sound pressure level depends strongly on the one or two noisi-
est pieces of equipment, whereas the standard deviation depends
largely on the numbers and duty cycles of the less nolsy egquip-

ment and on the ambient noise level.

As evident from Table I, in building construction, the in-
itial ground clearing and excavation phases tend to be the noisi-
est, the subsequent foundation and erection phases tend to be
somewhat less noisy, and the final finishing phase again tends to
be relatively noisy. In public works construction, on the other
hand, NPLs are more nearly the- same for all phases, except that

the erection phase tends to be less noilsy.

Table IT 1lists the two noisiest types of equipment for each
site type and phase, together with the average A-weighted noise
levels (at 50 ft) for this equipment. Inspection of this table
indicates that rock drills, which typically are the noisiest
equipment, are prevalent in the excavation and finishing phases;
trucks, on the other hand, are somewhat less noisy than rock

drills or similar equipment but are present in nearly all phases.

Effect of Equipment Quieting

To assess the effect of some quieting strategies on the ore-~
viously described site noise model, we recalculated the NPL for
three "strategies" for each type of site and each phase:

Strategy 1:

+ Only the noisiest piece of equipment being quieted by 10
dB(A), with this equipment remaining at the previously
specified 50 ft distance from the observer.

21
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Strategy 2:

+ Only the noisiest piece of equipment being quieted by 10
dB(A), with this eqguipment moved to 200 ft and with the
next noisiest equipment (unquieted) moved to 50 ft from

the observer position
Strategy A:
+ All items of equipment quieted by 10 dB(A).

The results of these calculations are shown in Téble 111,
together with the NPL values previously obtained without any
quieting (Strategy 0). It appears that quieting only the noisi-
est piece of eguipment generally reduces the site NPL relatively
little, if other types of eguipment can also operate near the
observer (compare Strategies 0 and 2). On the other hand, gqulet-
ing the noisiest equipment and letting no others operate near the
observer may result in significant reductions (compare Strategies
0 and 1). Of course, quieting all equipment (Strategy A) results
in the lowest NPL values; however, these values are often only
slightly lower than those obtained by quieting only the noisilest

item (Strategy 1).

The site nolse model used here initially assumes the noisiest
equipment to be located nearest the observer. It can happen that
quieting the noisiest equipment, moving it away from the observer,
and moving the second noisiest equipment near the observer
(Strategy 2) results in an increase in the NPL, if the second
noisiest equipment is used more frequently than the noisiest.

This peculiarity of the noise model, where equipment quieting
seemingly increases the noise, is evident at several places in
Table III.
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Other Means for Site Noise Control

The NPL generated by a construction site 2lso may e reducad

by means other than guieting the equipment:

* Replacement of individual operations and techniques by less
nolsy ones — e.g., using welding instead of rivefing, mix-

ing concrete offsite instead of onsite, and employing pre-
fabricated structures instead of assembling them on site.

* Selecting the quietest of alternate items of eguipment —
e.g

=]

tools instead of pneumatic impact tools.

electric instead of diesel-powered equivbment, hydraulic

+ Scheduling of equipment operations to keep averagze levels
low, to have nolsiest operations coincide with times of
highest ambilent levels, and to keev ncise levels relatively

uniform in time; also, turning off idling equipment.

noisy equipment as far as possible from site bound-~

losures Zfor stationary items of eguipment and
nd varticularly noisy areas on the site or

u
ntire site.

Equipment Noise Reducticn Potential

Table IV lists the vresent average noise levels in d3(A) for
the various types of construction eguipment discussed vreviously;
" also listed are the noise levels expected to be achievable in a
relatively short time, with limited cost and performance penal-
fies. In addition, the table shows the most significant noise
sources for each type of equipment and assigns a numerical "usage”
factor to each item, on the basilis of which one can assess the

sienificance of quieting of the various individual items. From
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TABLE IV.

IMMEDIATE ABATEMENT POTENTIAL OF

CONSTRUCTION EQUIPMENT

Noise Level

Eau . in dB(A) at 50 ft Important ,
quipmen . . Noise Usage
Present Nwtth Feas1b1? Sources? ;
oise Control
Earthmoving
front loader 79 75 ECFIH A
backhoes 85 75 ECPFIH 16
dozers 80 75 ECFIH LA
tractors 80 75 ECFIW L4
scrapers 88 80 ECFIW A
graders 85 75 ECFIW .08
truck 91 75 ECFIT L4
paver 89 80 EDFI L1
Materials Handling
concrete mixer 85 75 ECFWT b
concrete pump g2 75 E'CH 4
crane 83 75 ECFIT 16
derrick 88 75 ECFIT 16
Stationary
pumps 76 75 E C 1.0
generators 78 75 E C 1.0
compressors 81 75 ECHTI 1.0
Impact
pile drivers 101 95 W P E .ol
jack ha mers 88 75 PWETC .1
rock drilils 98 80 W ETP .04
pneumatic tools 86 80 PWEC .16
Ofher
saws 78 75 %) .04
vibrator 76 75 WEGC 4

Notes:

1. Estimated levels obtainable by selecting quieter procedures or

macht

234

major redesizn or extreme cost.

2. In order of importance:

-

oM Gy

Fower Transmissicn System,
Gearing

Engine Casing
Zngine Exhaust

freumatizs kExhaust

W
H

I

nes and implementing nolse control features reguiring no

Cocling Fan

Tool-~Work Interaction
Hydraulics
Engine Intake

3. FPercentage of time eguipment 1s operating at noisiest mode in

most used phase on site.

26



this table, one may determine thzt control ¢ n e
rarticularly of engine exhaust noise, will affect many items of
equipment with high usage factors and thus shoul n

criority.

Table V presents a brief listing of the noise control tech-
nigues applicable to the sources indicated in Table IV, together
with an estimate of the noise reductions that may readily be

achieved by means of these techniques.

2.2 Home Appliances

The use of convenient and sometfimes necessary arpliances
constitutes a growing noise problem within the home. Almost with-
out exception, appliances could be significantly quleter. How-
ever, manufacturers offer three primary arguments for opvosing

quieter redesign; they believe

« that the public associates the noise generated by a device
with 1its power;

- that quieter appliances would be markdted at a price dis-
advantage and since the public has not objected to noise,

that the public, in general, is satisfied;

+ that since appiiances are generally controlled by the over-
ator, the option, as with air conditioners, "to have oulet

or to be cool” is "option enough”.
Yet, in keeping with the public's growing awareness of noise,
many appliances are advertised as being "noiseless", Yquiet",

"yvibration-free®.

Although many manufacturers have made detailed acoustlc mea-
surements of the noise output of their appliances, very little

data has been reported in the open literature. Some of the
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TABLE V. NOISE CONTROL FOR CONSTRUCTION EQUIPMENT

Probable Noise

Source Control Techniques Reduction in dB(A)*
Engine
exhaust improved muffler 10
casing improved design of block . 2
enclosure 10
fan (cooling) redesign 5
silencers, ducts and
mufflers 5
inteke silencers 5
Transmission redesign, new materials 7
enclosure 7
Eyvdraulics redesign, new materials 7
enclosure 10
Exhaust
(pneumatic) muffler 5-10
Tool-Vork
interaction enclosure 7-20
change in vprinciple 10-30
*Note that noise reductions are not additive. Incremental re-

ductions can be realized only by simultaneous quieting of all
sources of equal strength.
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literature (especially "nonacoustic" reporting) presents insuf-
ficient information to enable utilization of the reported mea-
surements in this study. For example, in one report [5], the
noise levels are described as being "recorded at operator's or
housewife's normal ear distance'; for those appliances not re-
quiring continual operation, the distance from the exposed person
to the appliance 1s not specified. In other examples drawn from
newspapers, trade journals, and magazines measurements are not
gualified as to distance from the source, type of instrumentation,
and weighting network (if any) that was used. In the following
sections, only the literature found to be well-documented and

considered accurate will be used in appropriate discussions.

2.2.1 Measurements

Because of the scarcity of reliable data, we measured the
noise from thirty types of home appliances and eleven types of
home shop tools. Sound levels were measured in dB(A) at a dis-
tance of 3 ft from the appliance and a height of 5 ft; this
measurement position approximates the location of the operator's
ear for those avpliances requiring an operator. For those appli-
ances not requiring an operator, this position represents nolse
levels in the vicinity of the appliance. Noise levels in the
reverberant field of the room in which the appliance is being
operated may be on the order of 2 to 3 dB(A) less than the mea-

surement at 3 ft.

Noise levels in adjacent rooms with the interconnecting door
open may be as much as 10 dB(A) less than the levels at 3 ft or
as much as several dB(A) greater than the 3 ft levels, depending
upon the details of the installation. For the appliances that
are used near the ear (e.g., an electric-~-shaver), the noilse level
at the ear may be as much as 10 dB(A) greater than the 3 ft mea-
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surements. Fizgure 3 summarizes the ncise measurements made by

)

3N and some of those reported in the literature. Each voint
represents a single measurement. Several measurements are given
for a single appliance that operates in different modes. The
solid circles represent noise levels generated by American appli--
ancles; foreign brands are represented by the squares. Problems
arise in evaluating this data because the appliances were manu-
factured in different years by different companies, were scat-
tered through the lines offered by the manufacturers, and may be
providing different features. TFor example, a recently builsg
refrigerator may be frost-free and may have special devices such
as 1lce makers; therefore it may generate more noise than earlier
refrigerators. Figure 4 oresents octave band spectra for refrig..
ators that were manufactured through 1958 [6] and in 1965,

67, and 197C [7]. 1MNoise generated by this samrle of refriger-
ors demonstrates the problem of data compariscn: the unit that
was old in 1958 was the noisiest, while the 1970 unit was second

b

is the 1965 model. EHowever,

'3

2

ct
¢]
N

noisiest. The fguietest refrize

(9

thnere 1s considerable difference between the physical size of the
units, and the newer models incorporate such features automatic
defrost, ice-cube maker, water dispenser, and humidified compart-

ment .

2.2.2 Noise abatement potential

The thirty appliances and eleven shop tools surveyed exhib-
ited no apparent acoustical problems that could not be abated
through the diligent apvlication of noise control technolocy.
Achieving a cost-effective solution that can be incorporated into
the design of an appliance is more difficult but still possible.
Standard noise control techniques are readily avallable; wrapping,
damping, flexible connections, vibration isolation, better

(= ]
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balance, and smoother mechanical connections. Since many appli-
ances have similar mechanisms, noise control technigues used on

one appliance can often be applied to another.

After reviewines the operating characteristics and mechanical

properties of appliances, we ranked the noise sources in order
of their contribution to the total noise generated by an appli-
ance (see Table VI). Definitive measurements are not available
to enable a quantitative breakdown of the contribution of in-

dividual components. However, in general, motors, fans, knives
(or other cutting blades), and air flow are the most frequent

sources of noise. Noise radiated from the casing or vanels of
the appliances and noise radiated from walls, floors, cabinets,
sinks (set into vibration by solid structural connections) are

also of major importance.

e review here in some detall the nolse generating mechanisms
of several appliances that have high enough noise levels and ex-
posure time to be considered annoying. Included in this review
are air conditioners, dishwashers, food waste disposers, vacuum
cleaners, and toilets. Other appliances are discussed in Avpen-
dix A.

Room Air Conditioners

Figure 5 is a schematic view of a typical room air condi-
tioner. Basically, warm air in the room or from outside 1s drawn
through a dust filter, blown across cold evaporator coils and
distributed back into the room. Fluid in the evaporator, heated
by this action, flows to the condenser coils. Outside air 1is
blown across these coils by the propeller fan. The fluid is then

'compressed and flows back to the evaporator.
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TABLE VI.

Appliance

Can Opener,
electric

Clothes Dryer
Clothes Washer
Coffee Mill
Dehumidifier
Dishwasher

Edger and
Trimmer

Fan
Food Blender
Food

Food Waste
Disposer

Mixer

Freezer
Hair Clipper
Hair Dryer

Heater,
electric

Hedge Clippers

Hope Shop Tools

Humidifier

Source

Air Flow

SOURCES OF APPLIANCE NOISE

Combustion Roar

Compressor

34

Fan

Gears

Knives
{Cutting Blades)

Motors

[

(U]

el e S \C TN A}

N N A

= I

Panels

n

Pump

Structureborne

Water Noise
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TABLE VI (continued)

Source
Air Flow
Combustion Roar

Appliance

Knife, electric
Knife Sharpener
Lawn Mower

Oral Lavage
refrigerator

Room Air-
Conditioner 1

Sewing Machine
Shaver, electric
Toilet

Toothbrush,
electric

Vacuum Cleaner 1

yater Faucet

Compressor

35

Fan

Gears

Knives
(Cutting Blades)

Motors

N T

Panels

Pump

Structureborne

Water Noise
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The major sources of noise in this process are the motor,
the blower (evaporator fan), the propeller fan (condenser fan),
the compressor, and the air flow across the evaporator coils. In
addition, panels of the housing radiate noise, as does the struc-
ture upon which the air conditioning unit is mounted. The char-
acter of this noise is complex, consisting of pure tones, pulsat-
ing sounds, intermittent clicks, buzzes and rattles, all super-
imposed on broadband noise [8]. The tonal components and broad-
band noise represent the primary noises that require noise con-
trol treatment; for the most part, buzzes and rattles (often
caused by loose parts), intermittent clicks (caused by soring
activated thermostat controls and relays), and pulsating noises
(generated by the capillary tube and evaporator valves) have been
controlled in current models so that they do not dominate the

total noise level.

Pure tones may be generated by (1) the motor at multiples of
the rotation speed, (2) the compressor at multiples of the pump-
ing fundamental frequency (the speed in revolutions per second
times the number of pumping cycles per revolution), and (3) the
propeller fan at blade-passage freguency (the sveed in revolutlons
per second times the number of blades). Whether or not these opure
tones appear in the. spectrum heard indoors devends upon the struc-
tural connections between the components and the enclosure panels
as well as on connections to supporting structures. In Fig. 6,
noise levels measured on a particular unit with the fan on high
speed, with and without the compressor, illustrate this concent;
the increase in the one-third octave band centered at 63 Hz is
due to a lack of sufficient vibration isolation of the compressor
from its case and/or insufficient isolation of the casing from

the wall supporting it.
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Broadband noise is generated by the blower, the flow of air
through the evaporator coils, and the deflection of the air into
the room. Often the blower can operate at several speeds; the
slower the speed, the lower the noise level from both the blower

and the air flow (see Fig. 7).

Noise control means that can be applied to motor and com-
pressor noise include better vibration isolation of the motor and
fans from the housing through use of rubber or neoprene mounts.
Compressors, usually hermetically-sealed, can be mounted on
springs internally, and on rubber or neoprene pads externally.

A more thorough isolation of the motor, fans, and compressor from
the casing and of the complete unit from its support could result
in a noise reduction of about 5 dB in the low-frequency region

controlled by tonal sounds from these components.

The broadband noise generated by the centrifugal blower and

the air flow can be reduced by

« reducing the air velocity by using the low-speed fan (ir

maximum cool is not reguired);

« reducing the air velocity by increasing the area of the
evaporator coils (perhaps increasing the total size of the
unit);

« incorporating sound absorbing material, such as ownen-cell
polyurethane foam, between the evaporator coils and the de-
flection grids and in the duct passage between the blower
and the evaporator coils and the blower and the dust filter;

and
- tightening the gasketing system to eliminate rattles.

Broadband noise can be reduced by 10 to 15 dB through effective
use of these techniques. Coupled with more effective isclation
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of the compressor, motor, and fans, % TOl
19 to 15 dB(A) is not unreasonable.

Pe
sicn goal for high cool operation is 40 dB(A) at 3 ft.

Dishwashers

A dishwasher is essentially a tub eguipped with a water stray

system that is driven by a mofor-pumbd assembly. Heatins coills

and a blower are provided to assist in the drying operation. =2
complete wash may consist of as many as thirteen cycleé: rinse,

£i111, wash, drain, 7ill, rinse, drain, £i1l, rinse drain, fil
rinse, drain. Figure 8 plots the noise level 1in d2(A) as 2 func-
tion of operation [9]. 1In this example, the wash and rinse cycles
are noisier than the drain and fill cycles by about § das(a).
2izure 9 presents octave band measurements made during the wash
cycle on five different dishwashers. The data varies 5 to 20 dB
petween the quietest and noisiest alshwasner mezzured in 1971,
devending on the frequency band of 1
10 @3(A) difference between the zulet
Although the data samrle 1s small, €

tnhat some newer dishwashers are noisier than older ones.

The noise generating mechanisms 1n a dishwasher include the
impingement of water against the sides and tov of the tub, the
motor, the pump, the excitation of vanel casings, structural ccn-

nections to water supply, water drain and cabinet, and the blower.

Broadband "water noise' is most important in the frequency
range above 300 to 400 Hz; motor-induced noise, often pure tones
at the motor rotation frequency and harmonics thereof, dominate
the lower frequencies. The kicx panel below the loading door on

4 dishwasher installed in a typical kitchen-cabinet also transmits

noise from the motor enclosure into the room.
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Through the use of experimental splash curtains, which pre-
vent impingement of the water spray on the tub walls, water noise
has been reduced by 6 to 8 dB(A) [11]. The motor-pump assembly
is often isolated from the tub by rubber mounts; however, the
effectiveness of these mounts can be reduced in the installation
process by an insufficient clearance between the motor and the

floor.

Often, the sides and top of a dishwasher are brought into
contact with the cabinet. A clearance of 1/2 in. all around the
machines, with neoprene isolation pads insuring the clearance,
will reduce the noise radiated by the cabinet as well as the
noise transmitted to other parts of the house. The use of rubber
hoses for supply and drainage are an improvement over the copper
tubing often provided. The incorporation of acoustic material
in the motor-pump enclosure and a kick panel that is sealed (no
air leaks) would also reduce the noise. It is anticipated that -
if

* water noise were reduced (e.g., by installing splash cur-
tains);
ffective vibration isolation of the motor-punp from the

e
tub were ensured;

+ effective vibration isolation of the dishwasher housing from

the floor, cabinet walls and top were ensured;
* rubber hoses were used;

* acoustical absorptinn material were installed in the motor

enclosure; and
* the kick panel were sealed air-tight -

the noise levels of a typical dishwasher could be reduced by some
10 to 15 dB(4), from a level in the mid sixties to one in the low

by
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Secause of its intermittent operatiocn,

s
50 dB(A) at 3 ft is probably acceptable.

Food Waste Disposers

Continuous--feed and batch-feed disvosers are chambers 1in
wnich food waste is pround by a motor-driven wheel with cuttine
edges. Figure 10 presents one-third octave band sound nrressure
level data for four different disposers. Although the details
of the spectra differ, each has a major peak at 125 Hz and sev-
eral minor peaks at higher frequencies, all superimposed on broad-
band noise. The peak at 125 Hz is primarily motor noise. The
minor peaks can be attributed to the blade-~passage frequency of
the grind wheel, multiples thereof, and resonances in the sink.
The broadband noise is generated by the sloshing of water and

waste against the housing of the chamber.

Noise is transmitted up through the mouth of the disposer.
Batch-feed disposers, which require the sink cover to be in vlace
before operation, have the potential for being guleter. Continu-
cus-feed unlts sometimes have partial rubber closures at the
mouth of the unit (primarily to prevent food waste from belng
expelled); for these closures to be effective in controlling

noise, they must overlap to shut off the entire opening.

Basic noise control treatments that have been moderately
successful include vibration isolation of the disposer from the
sink and the enclosure of the chamber and motor with a double wall
construction. It is estimated that the noise levels generated
by disposers could be reduced by about 10 dB(A) with the follow-

ing treatments:

. effective vibration isolation of the disposer from the sink;

- damping of the sink;
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flexible connections between the disposer and the draln
pipe, which will also reduce the noise transmitted to other

rooms and/or apartments;
« flexible electrical connection;

+ enclosure of both the grindine chamber and motor, with

appropriate ventilation; and

« effective closure of the mouth of the disposer.

Vacuum Cleaners

Canister vacuum cleaners consist of a tank (either horizon-
tal or vertical) that orovides suction, a connecting hose, and
appropriate nozzles. Some recently manufactured canister units
also have powered rotating brush attachments for cleaning car-
pets. TFigure 11 presents sound pressure levels measured in one-
third octave freguency bands for four canister units. Ls with
other appliances, the peak at 125 Hz is motor-induced noise.

Tne peaks in the 800 to 1600 Hz range are probably caused by the

.

D

blade--passage freguency of the blower and/or resonances of th
unit structure. Throusgh the use of better plower desicsn, mcr
thorough vibration isolation of the motor and blower(s) from the
structure, and damping and sealing of the canister structure,

the noise generated by canister units could be reduced by 1C dB(A4).

In addition to a motor-blower assembly, upright vacuum
cleaners have a mechanism (either vibrating agitators or rolling
brushes) that beats the carpet to bring dirt to the surface where
it is sucked away. TFigure 12 presents one-third octave band
sound pressure level data for two upright vacuum cleaners — a
large unit with a beating mechanism and a small one without a

beater. For the larger unit, the low freguency noise is again
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motor-induced. The peaks in the higher frequency range are
caused by fan(s) and/or structural radiation. The dif“erence be-
tween the two units in the low-frequency bands is due to the dif-
ference in capacity as well as to the lack of a beater on one
model. Noise control for upright cleaners will be more difficult
to achieve than for the canister units because of the location of
the beater and the limitations on size. It is anticipated that a

5 dB(A) noise reduction could be achieved on the typical unit.

Water Closets

Water closets are either of the tank type or the valve type
and are either floor-mounted or wall-mounted. Figure 13 i1llus-
trates the time history of the sound pressure level in the 250
hz octave band for operation of a tank watér closet [12]. Time
Feriod A represents the valve opening and releasing water in the
tank to flow into the bowl through an opening in the base of the
bowl. The water produces a swirling action in the lower half of
the bowl (Time Period B). The valve closes (Time Period C) and

the tank and bowl are refilled (Time Period D).

Figure 14 illustrates the tine history of the sound pressure
level in the 250 Hz octave band for a flush valve water closet [12].
The valve opens (A); air and then water are forced out of the rin
supply (B); the valve closes (C) and the bowl is refilled (D).

A comparison of these two figures suggests that flush valve water
closets generate somewhat higher initial noise levels during an
operating cycle but that the noise does not persist as long as
with tank water closets. Since the character of the sounds is
different, it is not clear at this time which would be more de-

sirable.
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Figure 15 presents peak octave band data for a sampling of
tank water closets and Fig. 16 for flush valve water closets. A
comparison of these two figures shows that it is possible to have
relatively noisy or quiet operation with either type of water
closet provided. For tank water closets, water flow control and
inlet water pressure are both important variables in the noise
generated [12]. For flush valve closets, bowl desien was found
to be of major importance, with valve type (exvosed flush vs re-
cessed flush) and mounting (floor vs wall) of lesser importance.
Resilient mounting of water closets and piping was found to be
more important for some fixtures than for others — e.g., a range
of several dB(A) to 15 dB(A) for valve-operated water closets.

2.3 Building Equipment

The proper operation of large buildings requires a number of
different types of electrical and mechanical equipment. In this
section, we review the noise levels generated by electrical and
mechanical equipment, present noise levels for a typical multi-
story buillding, and discuss the pvossibilities of noise control
through architectural modification. Detailed descriptions of

additional building equipment types are given in Avvendix A.

2.3.1 Types of equipment

The majority of electrical and mechanical eguiopment in build-
ings 1s used to supply the building occupants with a suitable
guantity of air at a comfortable temnerature and moilsture content.
In addition, pumping and piping systems are used for water and
fluid circulation, elevators and escalators are used for movement
of personnel, and various conveyance systems are used for moving
material.
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Tigure 17 presents the typical range of sound levels in dB(A)
at 3 ft for building equipment. Much of this equipment is hidden
in mechanical equioment rooms, above ceilings, in walls, or behind
cabinet type exterior enclosures. Table VII, which summarizes
the exposure of occupants to the noise generated by building equip-
ment, shows that occupants are directly exposed to the noise of only
about eight different types of equipment. The noise generated by
these units is thus of special interest since there are no inter-
vening walls to provide attenuation. The noise generated by
bulldins eguipment hidden from view can be sufficiently attenu-
ated through the proover use of current architectural techniques.

In practice, such techniques are not always implemented.

2.3.2 Noise levels within a typical multistory building

Although details of the frequency spectrum are of consider-
able importance in selecting noise control treatments, the model
presented in this section is keyed, for simplification, to
dB(A); it is not intended that this method be used for actual
situations. Figure 18 presents a cross~section of a multistory
building, locating a typical occuvant with respvect to building
equipment. Figure 19 summarizes the noise exposure in dB(A) of
an occupant to individual sources. The higher level in each case
is representative of the sound level near the source — e.g., at

ft. The lower level is representative of the level to which
the contribution from a particular source is reduced through pro-
per implementation of noise control techniques. The treatments

include:
E — enclosure of nolse source
D — ductwork lined with acoustically absorbing material

W — wall
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TABLE VII. EXPOSURE OF BUILDING OCCUPANTS TO THE
NOISE OF BUILDING EQUIPMENT

Type of Exposure
Building Indi
: N : ndirect
Equipment Location | Direct Through Mechanical Through Walls,
Distribution System |Floors, etc.
Alr
Cor-“itioning
MER

Roof. Unit b

Wind. Unit X
Absorption
Machines MER
Alr Compressor MER
Ballasts Room X
Boilers MER X
Beciler Feed
Systen MER
Chillers MER X
Condensers Rooftop
Cooling
Towers Rooftop X
Dehumidifiers MER X
Diesel Eng. MER
Diffusers Room X
Electric
Motors MER X
Elevators Varies X b4 X
Escalators Varies X
Fans MER X

Room X

Furnaces MER X
Gas Turbines MER X
Heat Pumps MER x
Humidifiers MER . X X
Mixing Boxes
and Alr
Control Units Varies X X
Pneumatic
Transporter
System Varies X x
Pumps MER x
Steam Valves MER X
Transformers MER x
Unit Vent and
Unit Heat Room x

*Mechanical Equipment Room
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S — intervening story — e.g., the penthouse mechanical

=

equipment floor
V -~ vibration isolation.

Goals for acceptable noise levels vary with the activities
to be held in a space. If one is interested in increasing the
speech privacy within an office, then a higher nolse level of an
appropriate spectral shape would be appropriate. On the other
hand, if one.ls performing certain types of tests or listenina to
critical sounds, a auieter environment is recuired. Throucsh the
use of current technology, it 1is possible to achieve virtually
any noise goal, if the owner of the building is willing to bear
the cost and space requirements of the treatment. Of course, by
specifying guiet eguipment, the owner may minimize these reqguire-

ments.
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3. IMPACT
3.1 Noise Level Criteria for Impact Evaluation

In this revort, the impact of noise exposure upon peonle is
evaluated primarily in terms of three direct effects and secon-
darily in terms of a number of indirect conseguences. The three
major effects are hearing-damare risk, speech interference, and
sleep interference. The rationale for emphasizing these effects
is twofold. First, they are among the most salient and tangible
consequences cof noise exposure and thus can be most readily inter-
rreted in nontechnical terms. Evidence that they are widely
understocd by the public May be found in their frequent mention
in noise comrlaints, Secondly, research on these three effects
has been more extensive than on other n ise effects; therefore,

clearer predictions can be made

=

ith greater confildence,

Althcuzh the three vrimary effects are used to summarize the
mract of noise exposure, the indirect conseguences ¢of ex-
¢nand consideration. These effects include vhysio-
» and task interference. They

i

t produced exclusively
e physical maenitude
e

of noise exvosure. Turther, relatively 1i systematic infor-
ztion about these effecis is avallable; thus, scecification of
T

precise levels of noise exposure leading to particular levels of
o}

7
’4)
L)
6]
(@]
ct
b

W

] somewhat speculagive matter. However, one may not
assume thnat these secondary consequences are unimportant merely

because they are difficult to guantify.

The following table presents the ohysical levels at which it
is felt that each of the above-mentioned effects of noise €Xpos-—-
ure achieves (1) a moderate level of effect and (2) an appreci-
able level of effect. The decisions leading to these specifica-

ticns are discussed below.
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TABLE VIII. ESTIMATES OF MAGNITUDES OF NOISE EFFECTS

[IN dB(A)]
Effect Moderate Level Appreciable Level
Hearing Damage Risk 70 90
Speech Interference 45 60
Sleep Interference 40 70
Physiological Stress * 90
‘Startle * 110
Annoyance 4o 60
Task Interference 55 75

3.1.1. Hearing-damage risk

The hearing-damage risk levels specified in Table VIII were
selected on the basis of eight hours of daily exposure. Exposure
durations of this order are chosen as representative of the amount
of time usually spent in home and work environments. Since hear-
ing-damage risk is cumulative over long veriods of time [73], the
recommendations are intended to account for prolonged noise ex-

posure over a period of years.

The estimate of the level at which hearing-damage risk com-
mences was determined on a rather stringent basis. The Walsh-
Healey Public Contracts Act, as amended to include noise limits
for hearing conservation, is based on a CHABA revort [I14], which
permits permanent threshold shifts up to 10 dB at frequencies

¥Effects at low levels are at best weak functions of the physical
intensity of noise. They are determined far more strongly by
factors such as the meaning associated with the acoustic signal,
attitudes toward the source, rise time of the signal, unexpect-
edness of the signal, and so forth. It therefore makes  little
sense to specify discrete levels in these cases.
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below 1000 Hz; up to 15 dB at 2000 Hz, and up to 20 dB at fre-
quencies above 3000 Hz. Hearing losses of these magnitudes are
considered inconsequential in the sense that they are ineligible
for compensation under the terms of the legislation. Even these
surprisingly lax limits are based on the questionable assumption
of a sixteen-hour daily recovery period of little or no noise
exposure [13]. Further, the CHABA report [I14] is intended to
afford this partial protection to only half of the population ex-
posed to noise. Clearly, these criteria are neither apolicable
to individual ;ircumstances nor capable of protecting many peonle

from sizeable hearing losses.

Kryter's published redefinition of the hearing-damage risk
criteria [15] maintains that no permanent threshold shift whatever
is tolerable at freguencies below 2000 Hz and that no more than a
10 dB shift is tolerable at hicher frequencies. Kryter also ap-
clies the protection afforded by his definition to 75% of the
copulation rather than 50%. He states that the "threshold” of
nearing-damage risk for eight hours of daily exvosure is 67 dB(A).
Cohen et al [13]operating under similar assumptions specify
75 dB(A) as the level at which hearing-damage risk commences.
“iller [16] believes that a level of 70 dB(A) represents a level
of noise exposure above which hearing~damage risk becomes nonnegli-
zible. In Miller's terminology, habitual exposure to levels be-
tween 70 and 80 dB(A) represents yellow (i.e., cautionary) risk
of hearing damage. exposure to levels between 80 and 90 dB(A) en-
tails "orange" risk; while exposure to levels in excess of 90 dB(A)

involves "red" (serious) risk.

The estimate of Table VIII for the onset of hearing-damage
risk agrees with Miller's estimate. The estimate of the level
at which appreciable risk of hearing damage occurs agrees both
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with Miller's estimate and the provisions of the Walsh-Healey Act.
The latter criteria, based on a report of the NAS-NRC Committee

on Hearing, Biocacoustics, and Biomechanics [14], indicates that
eight hours of daily exposure to levels in excess of 90 daB(Aa)
constitutes a serious risk of hearing damage to one-half of the
population.

3.1.2 Speech interference

The levels specified in Table VIII for speech interference
are the most straightforward and readily defensible of all of the
estimates. A criterion for adequate verbal communication in the
home was taken to be comprehension of 98% of all sentences or an
equivalent rate of comprehension of 85% of the words of a stand-
ard phonetically balanced (PB) 1list. 1In terms of nominal vocal
effort [approximately 65 dB(A) at a distance of one meter], such
a level of speech intelligibility would be sustained at a speaker-
listener distance of approximately five meters in & noise back-
ground of 45 dB(A) [17]. Five meters was taken to be the maximal
distance at which conversation in normal levels might reasonably be
expected to be held in a gquiet outdoor (nonreverberant) environ-
ment.* The level of appreciable effect specified in Table VIII
was derived by assuming that noise-induced speech interference
would be intolerable if conversation at nominal levels of vocal
effort were precluded at speaker-listener distances greater than
one meter. Such conditions prevail in noise environments in ex-
cess of 60 dB(A) [17].

*Greater speaker-listener distances would be possible indoors at
the same levels of vocal effort and speech intelligibility, be-
cause sound pressure levels diminish more slowly than predicted
by the inverse square law.
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It should be pointed out that selection of the above criter-
ion represents a belief that the 70% comprehension of PB words
suggested by Webster [17] and Beranek [18] does not provide for a
reasonavle standard of comnmunication in the hone. vWebster's cri-
terion was established for "barely adeguate communication” and is
inappropriately applied to the home environment. The levels re-

commended in this report are thus 6 dB lower than Webster's.

3.1.3 Sleep interference

Two principal ways in which noise exposure can interfere with

S+eep are to delay the onset of sleep and to shift sleep "staces'.

le
cores of studles are available on the sleep-delaying and stage-

7]

nift effects of noise exposure. Although there is frequently

0]

broad aszreement among studies, detailed agreement is lackine.
Discrepancies among outcomes of similar studies are attributable
to incomparable control conditions, differences in experimental

le i
Jesisn, and the host of individuzl differences which beset sleen

for example, 1t is universally observed that the initial
time reguired for subjects to fall asleeov increases monotonically
“ith exposure to increasing noise levels, Unfortunately, differ-
ent studies produce estimates of the sleep-delayine effects of
noise that are more than 35 43 avart. Thus, two studies report
delays in onset of sleeo from 20 to 90 minutes [16,20], corre-
sponding to exposure to continuous noise at levels of 35 dr(4a)
and 50 d3(A), respectively. Other studies, [21-23] however, re-
port that subjects can fall asleep in as little as twelve minutes

despite exposure to noise levels of 70 dB(A).

Further, orolonged exposure to high noise levels can produce
tinnitus (ringing in the ears), which has been claimed to delay
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the onset of sleep [24]. In other words, aftereffects of noise,
even in the absence of any noise exposure at bedtime, can impede
sleep. It is also claimed in the literature that levels as low

as 35 dB(A) can either induce a shift from a "deeper'" to a
"lighter"” level of sleep or awaken certain veople [25]. Pronounced
differences 1in sensitivity to noise .during sleer have been observed

as a function of age as well.

An absolute criterion for noise exposure levels in sleeving
guarters is obviously unjustifiable on the basis of extant re-
search. A conservative criterion for noise exvosure (from the
ooint of view of minimizing sleep interference) micht be based
on tne lowest levels at which sleev interference have been rae-
rerted. According to the ¥Wilson Report [26], levels of 40 d3(4)

% of the sleering
keepr about 207 of

have been known to awaken approximately 25 f
o
y. These considera-

o)
ropulation, while levels of 45 AB(A) avpear t
the pcpulation from falline asleep immediatel
tions have led to the adovtion of U0 d3(A) as a c¢
Tor the onset of sleen interference erffects. Accordinz to the
dilson Report data, a little more than half of the porulation mayv
be awakened by noise exposure to levels of 70 d3(4), while =z little
less than half of the pvopulation will find some difficulty in

.

fallingz asleep when exposed to such levels. These data led to
adoption of 70 d3(A) as the level at which sleepr Interference

effects become considerable.

3.1.4 Physiological stress

The amount of stress produced by low-level accustic signals
is primarily determined by their meaning. A footfall in one's
bedroom at night, or a growling animal, or one's boss's voilce can

excite stress mecnanisms by virtue of their implications rather
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than their physical attributes. Since it is the learned and in-
stinctive associations to sounds which are largely resvonsible
Jor their ability to create stress, no level of minimal effect

has been specified.

At high noise levels a somewhat stroncer case may be made
for specification of a criterion. Studies of vhysiological cor -
relates of noise-related stress in animals sucgest that noise
levels in the vicinity of 90 dB(A) produce strong effects [27].
Pupillary dilation, increased pulse pressure and heart rate, and
pulse volume changes have been observed in humans exXxposed to

noise levels of approximately 70 dB(A) [28]. There can be little

O
D
&}

arzument that at even hi~her levels noise stirulation indu

stress in and of itself, rather than as an exclusive functi

5

@]

1ts meaning. Extremely intense noise fields can cause audi
and bedily pain. Such intense fields commonly are associat

strong vibrational components, which can also be narmful.

3.1.5 Startle

arguments above about the relative rcles of meaning and

e ar ni
leve of acoustic signals in deternmining stress also arnly t

1
&.t
c

ar
e

O

[92]
ct
ct = W0

€. For the same reasons, therefore, no minimal level o
b

can be specified.

by

e

A major obstacle to establishing a firm criterion for the
startling effects of high level noise is the phenomenon of habi-
tuation. In general, humans display a marked decrease in sensi-
tivity to repeated exposure to startling sounds. Expectedness,
regularity, familiarity, arousal level, and numerous other fac-
tors strongly mediate startle effects. Even at high absolute
noise levels, startle is as much affected by signal-to-noise ratio

considerations as it is by the level of the startline sional.
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Thus, an exploding paper bag would almost certainly produce more

startle in a library than in a boller factory.

The level recommended in Table VIII is therefore chosen to
represent a noise level sufficiently rarely heard and of a sienal-
to-noise ratio sufficiently great to make a significant startle

reaction highly probable.

3.1.6 Annoyance

The levels recommended in Table VIII for gauging annoyance
effects are intended to reflect the lowest level at which anv of
the other tabled effects can occur. In other words, one 1is ex-
vpected to be annoyed by a noise sufficlently intense to produce

sleep interruption, speech interference, etc,

It is, of course, also true that long-term exposure to very
low level noises can be annoying. A dripping faucet or a chalk
squeak can be exceptionally irritating. Once again, however, it
is the meaning of the acoustic signal rather than its level per se
which plays a major role in determining the magnitude of annoy-
ance. Also, the spectral composition and temporal density of
noise heavily influences its annoyance value. Unfortunately,
temporal and spectral factors cannot be adeguately exrressed in
dB(A) .

3.1.7 Task interference

The literature on the effects of nolse on human verformance
contains numerous conflicting and inconclusive reports. By and
large, high-intensity, aperiodic, intermittent noise is reported

to impede efficient work to a greater extent than low-intensity,
steady-state noise [29]. ©Nonetheless, numerous studies find no

effects of noise on performance, while a few studies find
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paradoxical improvements in performance attributable to noise
exposure [30]. Of course, improvements in performance when an
environment is changed (presumably worsened) are often due to
changes in the level of attention perceived by the subject and
their attendant reaction. The nature of the task at hand and
the duration of noise exposure also influence the extent of task

interference.

T 4

it 1s our feeling that the most sensitive and complex tasks
(of the nature of brain surgery, diamond cutting, etc.) might be
sensitive to interference from noise at levels as low as 55 dB(A).
Although most published studies which report task interference
give levels in the vieinity of 90 to 110 dB(A), it is felt that
certain tasks might nprove susceptible to appreciable interference
at avproximately 75 4B(A).

3.2 Construction Noise
3.2.1 Extent of exposure

Our determination of the impact of construction noise on the
smerican public is based on information obtained about the number
of veovle exposed to such noise and the extent of their exposure.

Tnis information was zathered in four steps:

+ Je determined the number of construction sites of various

types in various geographical regions.

« We determined the density of people in the geographical re-
gions (two classes of people were considered: stationary
population such as workers and residents and transient popu-

lation 'such as drivers and pedestrians).

« We postulated a model of sound vropagation around a tynical

constructicn site.
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+ We combined the information obtained in the first three
steps with the site source level data presented in Sec. 2.1
‘o determine the number of people exposed to given levels

of noise.

For the purpose of gathering and analvzineg population and
construction site statistics, we divided the U.S. into five re-
gions. These regions are based on those defined by the U.S.
Bureaus of the Budget [31] and of the Census [32]. A key to
understanding the rationale used for establishing these regions
is the concept of Standard Metropolitan Statistical Area (SMSA).
An SMSA 1is a group of continguous counties which contains at
least one central city of 50,000 inhabitants or more, or "twin
cities" with a combined population of 50,000 or more. There are
233 SMSAs containing 65% of the nation's pooulation and about 10%
of the land area. The population density in the nonmetrovpolitan
areas is too low to create much construction noise exposure or
to allow meaningful computation of the exposure that does exist.
This study, therefore, restricts itself to construction occurring
within the SMSAs (see Table IX).

Classification of Construction Sites

As explained in Sec. 2.1, four major categories of construc-

tion were studied:
* Residential buildings
» Nonresidential buildings
¢« Municipal roads
.+ Public works

Certain heavy construction and large civil works, such as
dams and bridges, were omitted because this type of construction
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TABLE IX. METROPOLITAN REGIONS CONSIDERED IN
CONSTRUCTION NOISE EXPOSURE ESTIMATE;
STATISTICS AS OF 1970+#

Population Area Population Density
({thousands) (sq. mi.) (people per sg. mi.)

Large High-Density

Central Cities*#* (12) 22,250 1,468 15,160
Large Low-Density

Central Cities (14) 10,530 2,389 4,410
All Other SMSA

Central Cities (186) 25,820 6,981 3,710
Urban Fringe 49,680 14,707 3,380

Met. Area OQutside
Urban Fringe 22,320 179,276 125

*¥Population figures are extrapolated to 1970 from 1969 Census
figures according to recent growth rates.

¥*Large cities are those whose metropolitan area population ex-
ceeded 1,000,000 in 1960.

High-Density: Baltimore, Boston, Buffalo, Chicago, Cleveland,
Detroit, New York, Philadelphia, Pittsburgh,
San Francisco, St. Louis, Washington.

Low-Density: Atlanta, Cincinnati, Dallas, Denver, Houston,
Kansas City, Los Angeles, Milwaukee, Minneapolis-
St. Paul, Miami-Ft. Lauderdale, New Orleans,
St. Petersburg-Tampa, San Diego, Seattle-Tacoma.
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rarely takes place in heavily popnulated areas. The residential
and nonresidential building categories were further subdivided
into specific types of buildings to account for variations in the
duration of construction and the mix of machinery at different
kinds of sites.

The Number of Construction Sites

Data on the annual number of building sites on which con-
struction was begun in 1970 was collected from the U.S. Business
and Defense Services Administration [23] and from unpublished
compilations made by the Bureau of the Census. Data for large
central cities and for the nation as a whole were directly avail-
able; sites were ascribed to "other central cities™, "urban
fringe", and "nonurbanized metropolitan area" on the basis of
population distribution. The number of residential and nonresi-
dential building sites in the five metropolitan-area regions is
shown in the first two columns of Table X, as well as the aver-
age cost of construction for each case. A more detailed break-

down by type of building is given in Appendix B.

Data on total municipal road construction [3¢4] was appor-
tioned among the various metropolitan regions by assuming a con-
stant ratio of miles of road constructed to miles of road in
place. The number of miles of such work performed in 1969 is

shown in the third column of Table X.

Unlike the case with buildings and roads, data on construc-
tion and maintenance of public works such as sewers and water
mains is not collected on a national basis. The extent of this
construction, therefore, has been estimated first by determining
the ratio of sewer construction to street construction for sev-

eral cities in the Boston area and then by usine this ratio to
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estimate the miles of sewer construction nationwide for 1970.
These filgures are contained in the fourth column of Table X. A
more detailed description of this computation is contained in

Appendix B.

Construction Phases

Construction of bulildings and other works is carried out in
discrete stages, each of which has its own characteristic mix of
equipment. DBecause of the items of equipment on a site chanre
as construction progresses, the noise output from the site also
changes with time. As explained in Sec. 2.1, we have character-
ized the noise output from each site according to construction

phase:
+ Clearing and demolition
* Excavation
* Placement of foundations
* Erection of frame, floors, roof, and skin
* Finishing and cleanup.

These phase descriptions are used for road and sewer construction,
even though the actual coperations are different from those for
buildings, so as to allow a consistent analysis of the various
types of sites. (See Sec. 2.1 for a more complete description.)

A list of the equipment commonly found in each phase 1s given in

Table A-1.

Number of Individuals Exposed

We obtained the number of people exposed to various levels

of noise from construction sites by combining information on
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population density, the number of sites active per year, and the

sound propagation model described below.

We revised the population figures in Table IX, which repre-
sent the residential distribution of the U.S. population, to re-
flect the net transfer [35] of people from suburbs to central
city during the average working day, the period when most con-
struction noise is produced. These revised density figures are
given 1in Table XI in terms of people per square mile and people
per one-eighth mile of street (assuming the entire metropolitan
area to be divided into city blocks one-eighth of a mile long).

TABLE XI. GEOGRAPHICAL DISTRIBUTION OF
WORKING-DAY POPULATIONS

People per

People per 1/8 mile of street
sguare mile (approximate)
Large high-density
central cities 16,650 120
Large low-density
central cities 4,860 4o
All other central
cities 4,070 32
Urban fringe 3,100 24
Met. area outside
urban fringe 114 --

Note that the number of people per city block in the metropolitan
area outside the urban fringe is negligible and therefore is dis-

regarded in the following discussions.
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In addition to the working-day population density estimate
given in Table XI, we must also account for the number of passers-
by who are exposed to construction noise. Since there are no data
on typical driver and pedestrian distributions, a definitive esti-
mate of this type of exposure is not possible. We have, however, -
made an order-of-magnitude estimate on the basis of some survey
work performed by the Boston Traffic Department (1970). Although
incomplete, these surveys report seemingly reasonable numbers,
which are therefore offered in Table XII as preliminary estimates.

TABLE XII. NUMBER OF PEOPLE PER DAY
PASSING A CONSTRUCTION SITE

Drivers and

Passengers Pedestrians
Large high-density central cities 3000 1000
Large low-density central cities 3000 1000
Other central cities 1500 500
Urban fringe 500 100

Table XIII presents the total number of building construction
sites active in 1970 (see Table X) for all metropolitan regions.
In the case of roads and sewers, the definition of a "construc-—
tion site"” 1s somewhat obscure, since such projects extend linearly
for some distance with construction usually occurring one section
at a time. The area of influence of construction on one section
is about one-eighth of a mile. We therefore consider each
eizhth--mile of street and sewer construction as an independent

site.
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TABLE XIII. LEVEL OF ANNUAL CONSTRUCTION ACTIVITY

Number of Sites

Type of Site (National Total)
Residential Building 514,424
Nonresidential 62,549
Municipal Streets 336,000
Public Works 485,000

The level of exposure to noise from a construction site de-
rends on one's distance from the site and the nature of his im-
mediate environment. In city streets, it has been found experi-
mentally that sound intensity decreases as the inverse sauare orf
the distance from the source [36]. In logarithmic units, this
amounts to a 6 dB reduction per distance doubled. This model has
been adopted for open-air propagation, which is significant in
the case of pedestrians. In addition, a factor of 20 dB(A) at-
tenuation has been included for people who are inside buildings
with closed windows and 15 dB(4) for people inside cars with
closed windows [37]. Construction noise is assumed to propagate
along the street adjacent to the site, but to be heavily attenu-
ated in the direction transverse to the street; in effect, only
the pecple along the street adjacent to the site are affected by
the noise. A further assumption is that the socund is reduced

10 dB(A) when one crosses a street intersection [36].

Using these parameters, we illustrate in Fig. 20 a repre-
sentative geometry for a building construction site and contours.
of attenuation for observers. Details of the computations in-
volved in constructing this diagram are given in Appendix B.
Assuming a uniform distribution of observers along the sides of
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the street, we can determine the fraction of people within each
set of attenuation contours. These proportions, which are shown
in Table XIV below, apply only to observers in buildings with
closed windows adjacent to the street on which building construc-
tion is taking place; drivers and pedestrians move relative to

the site, crossing contours as they go.

TABLE XIV. DISTRIBUTION OF STATIONARY OBSERVERS
RELATIVE TO ATTENUATION CONTOURS

Attenuation Interval Percent of Observers
26 — 29 dB 15%
29 — 32 4B 35%
32 - 35 dB 32%
35 — 40 4B 18%

A1l observers more than 40 dB away from the site have been
disregarded, as they are assumed to be unaffected by the noise.
The actual number of people within each pair of attenuation con-
tours can be obtained by multiplying the percentages in Table XIV
by the number of people per 1/8 mile of city street for the appro-

priate metropolitan area (as given in Table XI).

In the case of street and sewer construction, overation is
typically distributed along the length of the street and cannot
be modeled as a point source. Accordingly, all the peonle in
the eighth-mile of city street adjoining the site are assumed to
be exposed to the same noise level. This level is taken to be
the source level of the site diminished 20 dB to account for at-

tenuation within buildings with closed windows.
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The noise exposure of pedestrians and drivers cannot be com-
puted by the above model, since, as noted above, their distance
from the site varies with time. 1In these cases, we consider the
peak exposure experienced by the transient observer. For pedes-
trians, this exposure is 6 dB less than the site source level

referenced to 50 ft; for drivers, it is 20 dB less.

Noise Exposure Estimates

The above figures on observer densities, number of sites,
and attenuation have been combined with the data on average and
peak site source levels presented in Sec. 2.1 to determine the
number of people exposed to particular levels of noise. Table XV
shows the national noise exposure of the stationary population
due to residential building, nonresidential building, municipal
'street, and public works construction. The noise levels are

broken down into the five phases of construction described above.

To compute exposure of drivers and pedestrians, one multi-
plies the number of peovle per day passing each site by the
number of sites. This gives the number of passersby exposed per
day of site operation. Multiplying this number by the average number
of days each site is operated gives the total annual number of
instances in which an individual passes a construction site and
is thus exposed to noise. For this computation, we use the num-
ber of sites from Table X and the number of passersby from Table
XII. The duration of construction on the average site is not
available from survey data but the following figures are consid-

ered typical:
« Residential buildings (single-family only) — 27 days
+ Nonresidential buildings and multifamily dwellings — 170 days

» Streets and Public Works — 7 days.
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Tne estimated number of occasions per year in which a driver or
redestrian passes a site is shown in Table XVI below. These
figures do not represent the number of people who vpass construc-
tion sites, since one person may pass many sites, or one site
many times. If one divides the grand total of Table XVI, 24,7
billion passings, by the total national metropolitan population
of 137 million, it is seen that the average inhabitant of metro-
politan areas passes a construction site approximately 180 times

ver year.

3.2.2. Impact assessment

Determining the impact of construction noise on people 1is a
multistage process. The procedures by which estimates of levels
and durations of nolse exposures were derived are discussed in
the preceding section (3.2.1). Development of the criteria by
which the severity of noise effects are judged is discussed in
Sec., 3.1. In this section, we explicitly combine the exposure
data with the criteria; Appendix B contalins a number of important
comments on the inferences which may be prudently drawn from the

findings reported here.

Table XV of Sec. 3.2.1 and Table XVII of this section provide
an overview of the exposure data as they pertalin to impact assess-
ment. The tables contain information about the number of people
who receive primary and secondary exposure to construction site
noise and the levels of noise to which they are exposed in thetr
listening enviromments. Estimates of the duration of noise ex-
posures are also presented in the tables. The following discus-

sion 1is organized according to strength of impact.
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Speech Interference

Perhaps the single most obvious effect of exposure to con-
struction site noise is speech interference., Even cursory exam-
ination of Table XV reveals that in almost all phases of construc-~
tion, noise levels associated with construction activity are
capable of degrading speech communication. In many instances —
specifically, those in which construction noise produces levels
approaching or exceeding 60 dB(A) in the listening environment -
degradation of speech communication is severe. When one considers
that the "average" levels of Table XVII are energy averages, it
is clear that peak levels of construction neise, although infre-

quent, can preclude speech communication completely.

It 1s apparent from Table XVII that for those people who
live or work in the vicinity of construction sites (i.e., those
who receive primary exposure to construction noise), the dura-
tion of speech interference effects can be considerable. It seemns
safe to state that approximately 34 million people suffer a total
of several hundred hours of speech interference yearly as a re-
sult of exposure to construction site noise in the United States.
Approximately 20 million of these peovnle must communicate in
nolse environments which seriously degrade speech intelligibility

and/or demand significantly increased vocal effort.

In contrast to those who must endure such speech interfer-
ence on a relatively long term basis, there are many more people
who suffer the same effects on a briefer time scale. These
- people are the passersby who are exposed to construction site
noise for a matter of minutes daily. Although the actual number
of different individuals who pass by construction sites on foot
or in vehicles is difficult to estimate, there are probably on
the order of 25 billion such brief encounters yearly. The prin-
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cipal effect of such transient exposure to construction noise is

probably interruption of conversation.

Applying state-of-the-art noise reduction techniques to the
major sources of construction noise could provide a meaningful
reduction of both the severity of speech interference and the
number of people exposed to speech interference effects. Quiet-
ing all construction equipment by 10 dB(A) would lower peak con-
struction noise levels by an equivalent amount and average levels
by a somewhat lesser amount (due to overlapping temporél patterns
of use). Nonetheless, speech interference effects increase
sharply in the range between 40 and 60 dB(A), so that a nolse re-
duction of about 10 dB(A) could be highly beneficial. Interest-
ingly enough, the advantages of reducing construction noise an
additional 10 dB(A) might not be as great. Although 20 dB(A)
reduction of construction noise would clearly result in even less
speech interference than would a 10 dB(A) reduction, at the re-
sulting levels construction noise might well be submerged in
background noise a good part of the time. Additional reductions
[beyond the first 10 dB(A)] might be necessary for the benefit of

those who operate the equipment, however.

Sleep Interference

To the extent that construction activity and sleep do not
commonly occur during the same hours, construction noise does not
interfere with sleep. However, daytime sleeping needs of the
very young, the sick, and people working irregular or night hours,
and emergency and other nighttime construction work must be téken
into account. The total number of adults so affected by construc-
tion is estimated to be about 3 million. Judging from the ratio
of people exposed to construction noise to the total population of
the country, approximately 15% of the children four years of
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age or younger, or about 2.5 million, might also be exposed to

sleep interference from construction noise.

The 5.5 million people attempting to sleep during exposure
to construction noise are likely to encounter substantial inter-
ference. Even at relatively great distances from construction
sites, levels in the vicinity of 50 dB(A) are encountered. Such
levels are capable of significantly lengthening the time required
to fall asleep and of awakening roughly 50% of sleeping persons.

Nonetheless, the usefulness of reducing average construction
noise levels by 10 dB(A) (possible through state-of-the-art noise
reduction procedures) appears marginal. The number of people
whose sleep 1s disturbed by construction noise is relatively
small, and the shallow slope of the function relating the number
of people awakened to noise levels argues that construction noise
would have to be reduced by much more than 10 dB(A) to effect a
significant reduction of sleep interference.

Hearing-Damage Risk

The risk of hearing damage from construction noise for those
not directly concerned with construction activity does not seem
very great. In most cases the distance between the construction
site and people exposed to its noise and the transmission loss of
the buildings or vehicles are sufficiently great to minimize the
probability of hearing damage. It is possible that peak noise
levels from construction sites might present some risk to those
who are frequently in close proximity to the site. The greater
number of such people (presumably pedestrians), however, are sub-
ject only to short exposure durations.

If state-of-the-art noise reduction techniques were applied
to the major sources of construction noise, exposure levels would
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probably be sufficiently reduced to render hearing damase a remote
risk. In short, construction noise does not pose a major hearing-

damage risk for the public.

Other Indirect Effects

Without doubt, a major consequence of exposure to construc-
tion noise for many people is annoyance. Both those who are ex-
posed to construction noise on a regular, long-term basis as well
as those who are exposed to it on a transient basis aré annoyed
by their exposure. Annoyance is particularly great if the noise
intrusion from the construction site is perceived as unnecessary
or inappropriate. People who must endure weeks or months of
construction noise exposure may exhibit some form of habituation
to the noise, but despite the commonly expressed attitude toward
noise of 'you get used to it", it is doubtful that construction

noise ever loses all of its annoyance value.

In relative terms, annoyance from construction noise Drob-
ably represents less of a problem than annoyance produced by air~
craft or traffic noise. Nonetheless, both individual complaint
behavior and community action could conceivably result from the

annoyance of exposure to construction noise.

One measure forhulated to provide some degree of guantifica-
tion for annoyance due to noise exposure is the Noise Pollution
Level [2]. Table I contains NPL's encountered in the immediate
vicinity of construction sites. Unfortunately, interpretation
of NPL's is not a straightforward procedure. Relative interpre-
tations of two or more noise situations are readily enough made
through use of the NPL index. Few grounds exist, however, for
absolute interpretations. It has been suggested that long-term
exposure to noise levels characterized by an NPL value of 72
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(computed from A-level measurements) is "acceptable" [2]. By this
criterion, noise levels in the immediate vicinity of construction
sites are clearly "unacceptable" on a long-term basis. However,
the bulk of exposure to construction noise of such high levels

is of a transitory nature. Residents or transients exposed to
construction noise would be exposed to levels about 30 dB lower.
Although it would be tempting to assert that such exposure (to
NPL's in the range of 60-70) would be marginally acceptable, only
meager evidence could be marshalled to support such a claim.

It is distinctly possible for exposure to construction noise
to result in task intefference. It seems plausible that among
the approximately 20 million people exposed on a long-term basis
to the highest levels of construction noise (Table XV), some might
be engaged in exacting manual or mental work which could be sensi-
tive to interference. Such tasks might include medical operations,
library use, scholarly activities, and the like. Unfortunately,
one cannot quantify the amount of task interference produced by
construction noise by applying the usual procedures of estimation

and assumption.

Similar comments apply to the potential startle and physio-
logical stress produced by exposure to construction noise. Al-
though startle does not seem to be a very common consequence of
exposure to construction noise, it is nevertheless possible for
startle to result from unexpectedly or intermittently high-level
noise. The size of the standard deviations of distributions of
construction noise levels discussed in Sec. 3.2.1 makes the
occurrence of unusually high noise levels reasonably‘probable

events.

As for the stressful consequences of exposure to construction

noise, we can offer only informed conjecture. Noise-induced
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physiological stress is known to be cumulative, and exposure to
construction noise is only one determinant. Perhaps some of the
people who are faced with exposure to construction noise at work
every day for months must also face noisy home environments. For
such people, exposure to construction noise could constitute a

major source of stress.

Tables XVIII and XIX summarize the impact of construction
noise on people. A composite quantity intended to reflect both
the extent and duration of exposure to specific noise sources was
developed to permit concise summation. The quantity is defined
as the product of the estimated number of people exposed to noise
from a particular source and the estimated duration of individual
exposure to the same source. The statistic expressing the gquan-
tity is called (for lack of a better term) the "person-hour".

Extreme caution must be used in interpreting fisures ex-
pressed in terms of person-hours. First, figures so expressed
are intended only as order-of-magnitude estimates rather than as
preclse guantities. Second, inferences about the equivalence of
number of people and duration of exposure in assessing psychclog-
ical or physiological impact are completely unjustified. No com-
vensatory model of number of people exposed and exposure duration
is intended. Third, comparison of person-~hour figures for exvo-
sure to noise from one source with person-hour figures for expo-
sure to noise of another source 1s without theoretical foundation.
Thus, comparisons of impact among different sources expressed in
common terms of person-hours should be performed in a fashion
similar to "addition" of apples and oranges. In other words,
inferences about severity of impact may be drawn only withint

person-hour estimates of similar origin.

91



£'0 SB3JY YSKS UT UOT3OoNJ]3suU0)
TIY ©3 sas3uassed pu®B SJaATJI(
Jo suansodxy (Lgasssed) ALaepuoosg

0T S84y VSKS
UT UOT30NJI3SUO0) TTY 01 SUBTJIGSIpad
04 aansodxyg (Aqaassed) Aaepuooag

10T TB3034ng

9T SESJY VSKWS UT U0T4ONnJdjlsuo) J43yjQ 11V
03 aansodxy (Adeuorjzeas) Aaewtdad

6€ UoT3oNJa3suo) JuIpring JI8Yio ITY
03 sdansodxy (Laruorgess) Aaewtdd

94 SSTON UOTI3OoNIZSUO) OT3SaWo(
03 sansodxy (LaruoTiess) AJewTad

%384 U3d SANOH-UOSJ3d 4O SUOL||LHW 3%4nos

A33M ¥3d SUYNOH-NOSY3Id 40 SNOITTIW NI J¥NSO4X3 ISION
NOTLINYLSNOD 40 SILYWILSI JANLINIVW-40-¥3Q40 "IIIAX 319V1L

92



“(1x27 99%) o9dUsad}JaoquT dosTs a0 yosads
1084TP JO SJANOY-uosdad st A[30941p P23addasjul aq jou ATW SUWNTOD 889Ul UT SaTJIUy

€0 0 £ 0 SBaJdY VYSHS
Ul UOT39NJdq4sSuUo)

T1® 03 SsJaduss

-8Bd PUB SJIOATI(

Jo sansodxy (Aquas

‘-ss8ed) Laepuoosg

01 0 01 Se2dY VSKHS T1V
UT UOT30NJI1SUO0)

09 SueTJIqsopad
Jo aunsodxyg (£Lquas
-ssgd) AJdepuodag

0 T hl SESAY VYSWS UT uoTj
—onNJd3suUo) JI9Y30 TTV

01 oansodxy (4Lae

-uot3e3s) Kaewrtag

0 c 19 uoT3onJagsuo) Jut
~pitng J42Yya0 TTV

09 sdJangodxy (Lae

-U0T3Rlg) Aaewrdad

0 1 Tty SSTON UOT]
. —-ONJ3SUO0) OTJSaWO(

03 oansodxy (ALae

~uots3e1s) Laewrdad

(06—-08) (08—0¢) (0£—09) (06—-5¢) (09<) (09—6t)
sjedapoy 3ybtLys 83eJ43pOY 3yb s 843A3G 931 eJdapo 824N0S 3SLON

%¥s1y obeweq buiaesy x92UBU3JUBIUT doa[§ £90U3u43j403U] ydaadg

A3IM d3d SYNOH-NOSYId 40 SNOITTIW
NI @3SS3¥dX3 3ISION NOILINYLSNOD 0L 3IYNSOdX3 AYYANOI3S
ONY AYYWIYd 40 LOVdWI 40 SILYWILSI IANLINIYW- 40- ¥43ICY0  *x1X 379V1

93



With these restrictions firmly in mind, the reader is refer-
red to Tables XVIII and XIX for a concise summary of the impact
of construction noise on people. Table XVIII expresses the im-
pact of construction noise in terms of millions of person-hours
per week. (It may be useful to bear in mind that a week in the
United States contains approximately 35 billion person-hours. )
Table XIX relates the impact of construction noise directly to
the principal criteria of Sec. 3.1 in terms of person-hours per
week, Entries for speech interference and sleep interference
effects reflect the number of person-hours of potential impact,

which may be interpreted as upper bounds.

3.3 Appliances
3.3.1 Extent of exposure

This section is concerned primarily with power tools and
household appliances whose volume cannot be controllied by the
user. Therefore, volume-controllable equipment such as televi-~
sions, radios, and stereos are not included, nor are gasoline-
engine powered outdoor equipment and audible signaling mechanisms
(bells, alarms, etc.). It should be noted, however, that non-
controllable noise-producing devices often raise the background
level of noise to such a degree that volume-controllable sound
has to be increased in level to be heard and, hence, 1s more apt
to affect neighbors. An estimate of the number of noncontrollable
noise-producing devices being used in the United States in 1971

is given in Table XX.

To determine the extent of exposure to home appliance and
tool noise, we gathered three kinds of data: The distribution
of appliances and tools over family units, the time that the de-

vices are typically in use, and the exposure of people who are
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TABLE XX. NONCONTROLLABLE HOUSEHOLD NOISE SOURCES (1971) [31]

Wired Households
Complete Plumbing

Major Appliances

Refrigerator
Clothes Washer
Vacuum Cleaner
Clothes Dryer
Freezer

Air Conditioner
Dishwasher

Food Disposer
Trash Disposer

Other Appliances

Food Mixer

Can Opener
Sewing Machine
Food Blender
Electric Shaver
Slicing Knife
Floor Polisher

Power Tools

Saw, Drill, etec.

Qutdoor Equipment

Electric Mower
Edger
Trimmer

Building Equipment
(residential)
Fan
Humidifier
Dehumidifier

Number {thousands)

Percent of Homes

62,800 100
58,000 93
62,600 99.8
57,600 91.9
56,3900 90.7
25,300 40,3
20,000 30.0
18,000 29.6
14,900 23.7
14400 22.9
(introduced in 1970)
51,200 81.7
27,100 43,2
31,300 50.0
19,900 31.7
25,000 §0.0
25,000 40.0
10,000 16.0
12,500 20.0
2,000% 3.2
1,000 1.6
4,000 6.4
50,000 80.0
4,600 7.4
4,200 6.7

¥There are approximately 37 million powered mowers in use.
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in the home. In collecting this information, we found that the
variables, particularly with regard to personal behavior, covered
a very large range. We therefore created a simplified model to
show the extent of household ndise.

Data were obtained from a variety of sources. Statistical
information was collected from government sources, such as the
Bureau of the Census. Of particular help was information pro-
vided by Cornell University's College of Human Ecology on domes-
tic living patterns. Industry information was obtained from
various trade and business publications. Individual company ma-
terial was used in instances where the material was applicable
to the whole industry and was available to the public. Various
organizations representing consumers and home economists were
contacted. We also conducted our own survey of aopliance use in
20 households.

Appliances, Tools, and Building Equipment

The dimensions used by industry to analyze household appli-
ance purchase and use patterns usually include home ownership,
age of the head of the family, size of family, and family income.
Since these dimensions are interrelated, we chose only one —
family income level — for our analysis. We treat the time that
appliances are used as a function of the age of the homemaker
and of the number of school and pre-school children in the fam-
ily. Figure 21 shows the trend toward greater use of home appli-
ances and power tools. Figure 22 gives the distribution of some
common appliances as a function of income level.

Noise—pfoducing devices used in and around the home are
usually classified as

96



"S7001 aGNY

SIINVITddVY INIONAOYd-ISION G3ILIITIS HLIM SATOHISNOH 40 LINIdY3Ad L2 *9Id

S100L HIMOd —

d43S0dSia go04
H3HSVM HSIA

43A0N389 4004

H3AHA SIHLOTD
H43IN3dO NVD

H3IXIN 4004

H3INVITO WNNIOVA
H3IHSVM S3HIL0TD

MORVMIOINAIY | |

HV3IA
G961 0961
_ T T T I 0
. g— —~0l
¥INO!LIGNOD ¥V
~{oz
i ¢
2]
—oe T
O
2
— OV urt
Q
—os
(@]
&
—os @
= o
o
Hor §
w
o8
—os
i } } 1 |
S . ~ 00L.

97



"T3A3T IWOINI A8 SIINVITddY YOLYW 40 NOILNGIYLSIQ INIJ¥3d QILYWILSI 22 '914

(SONVSNOHL $) S3IXVL 340438 3IWOINI ATINVS
92 2 22 02 8 9l L 2l oL 8 9 b 2

! ] ! ! | I | | I ! ] | | | ] 0

HINOILIANOD ¥V -

H3IHSVM HSIQ
H3IAHQ S3IHLO0TD

SQTOH3SNOH 30 NOILNGIYLSIA LNIDYH3d

Y3IHSVM S3HLOTD
HOLYvYH3IOIH43Y | | 1 | l

oot

98



- lajor Appliances (including clothes washers, clothes dryers,
refrigerators and freegers, air conditioners, dishwashers,

vacuum cleaners, disposers, dehumidifiers, and comnactors)
- Other Household Appliances
+ Power Tools
« Outdoor Egquipment
- Building Equipment

Other convenient classifications are based on time mode of oner-
ation (continuous or intermittent) and method of operation (man-

ual or automatic).

Analysis of the noise-producing building eguipment used 1in
homes is complicated by interaction of the equipment with the
structure of the house, by do-it-yourself modifications of equip-
ment, and by differences in the adequacy of eguipment maintenance.
Size of housing is also a factor in noise level. Smaller housing
units are apt to be noisier because of reverberant bulldup of
sound levels. Larger housing units on the other hand, frequently
reflecting a higher standard of living, tend to have more appli-
ances and more frequent exposure but lower noise levels for any
particular appliance owing to the larger space and to the room
separation from the various sources. Multiple-~family housing
units are subject to higher levels of noise from the building

equipment,

In heating systems either the heating source or distribution
system or both are common sources of noisej; however, the number
of factors involved is too great to allow a precise analysis of
the extent of heating noise. Electric heating, which 1s essen-

tially noiseless, is currently being used by 4,4 million customers.
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(It should be noted, however, that electric heating customers are
likely to be high users of electric appliances. Furthermore,
humidity control, ventilating, and/or air cleaning, which are
often used in conjunction with electric heating, require air cir-
culation; therefore, fan noise is present where these additional
functions are performed.) The more common heating systems gen-
erate burner noise, fan/duct noise (in hot-air systems), and
pipe, valve, and pump noise (in hot water and steam systems).

Twenty-one percent of all households have one or more room

alr conditioners. Location of these air conditioners is distrib-

uted approximately [38]:

Living Room 35% Kitchen 7%
Master Bedroom 27% Playroom g
Other Bedroon 5% Other 22%

All dehumidifiers and many humidifiers are substantial noise
sources. Frequently, dehumidifiers are located in the basement
and therefore direct exposure to the noise is small. Dehumidi-

fiers are used in 6.7% of homes; humidifiers in 7.4% [3g].

Living patterns, equipment installations, etc. are variables
that make it difficult to estimate the extent of plumbing noise.
The typical range of toilet flushes is 10 to 50 per day. Com-
plete plumbing (hot and cold water, bath or shower, toilet) is
found in 82% of all rental units and in 93% of all owner-occupied

units in the United States.

The number of fans being used in this country far exceeds
the total number of households. Many fans are part of other
appliances, but many are used for immediate air circulation
(i.e., cooling fans, kitchen fans, etc.).

100



Use of Domestic Appliances and Tools

The extent to which appliances are used 1s an important fac-
tor in assessing the total noise exposure. Statistical informa-

tion is scarce, but we have found the following sources useful:

+ BBN survey (in-depth study of noise levels and apvliance

use in 20 homes).

+ New York State College of Human Ecology, Cornell University
(both published and unpublished data gathered as part of a
1296-household survey of Syracuse, New York).

+ Department of Agriculture information based on studies of
home activities (a long~term interest, which is now being
continued under the Agriculture Research Service Division

of the Department of Agriculture).

+ Potomac Electric Power Company (an informal survey conducted

by their Home Services Department).
+ Manufacturer's industry information.

Although many factors affect the range of appliance use,
there is a tendency for people in the family-raising years to
have increased incomes, own their homes, and possess more appli-
ances. The time a homemaker spends in household activities is a
strong function of age, number of children, and the presence of
pre-school children, as shown in Table XXI. Table XXII presents
the information on which we base our estimate of typical use of
appliances; Table XXIII gives our estimate of appliance use in
two typical households; appliance operating times are estimated
from Table XXII. Using the values of appliance use (total min-
utes per week) and of average noise levels given in Table XXIII,
we present in Fig. 23 a schematic illustration of the noise levels

of the two typical households.
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TABLE XXI. AVERAGE HOURS PER DAY SPENT ON HOUSEHOLD WORK BY
1296 HOMEMAKERS, ACCORDING TO NUMBER OF CHILDREN AND AGE OF
YOUNGEST CHILD, SYRACUSE, NEW YORK AREA, 1967-68 [39]

Hours
All homemakers ...uvueveirn i innnenenns 7.3
Number of children

O i e e et e e e 4.8

L e e e e e 6.8

2 e e e e e e e e e e 7.8

5 7.7

b e 8.2

o o T 8.5

A v T L 9.2
Age of youngest child

Under 1 year ..ttt neeinnnennennn 9.3

L YAy i e e e e e e e 8.3

2 00 5 JBAIrS it it e 7.7

6 £0 11 Y@aAPS ittt i e 7.1

12 to 17 years i iin i inenenn 6.0

Level of Exposure

vWe have selected two criteria to show different measures of
exposure. A potential exposure represents the number of peonle
likely to be exposed to an appliance and depends soleiy on an
average distribution of the population and the vercentage of
households that possess the particular appliance. A primary ex-

posure 1s estimated by the normal mode of operation, the location
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of the appliance, and the number of operators and observers likely
to be exposed to nolse when the appliance is operating.' Table
XXIV gives these two kinds of exposure for each appliance; Table

XXV relates exposure to income level,

3.3.2 Impact assessment

The estimates of the extensiveness of distributidn, duration
of exposure, and noise levels of a variety of building equipment
and home appliances are discussed here with a view toward assess-
ing the impact of noise from these sources on people in the home
environment. To approximate the environment in which noises are
heard, we had to adjust the noise levels from the standardized
values used 1in previous sections (i.e., levels recorded at a
measurement position 3 ft from the source). Thus, 10 dB was
added to the noise levels of hand-held appliances, such as elec-
tric shavers, to obtain a falr representation of noise levels at
the user’s ear. Similarly, 2 dB was subtracted from levels for
exposure tc noise Iin a highly reverberant field, such as a kitchen
or bathroom; 3 dB from standardized measurements to account
for nolse exposure in less reverberant spaces, such as carpeted
(living room) or open areas; 10 dB from the standard values to
compensate for exposure in adjacent rooms connected by open doors;
and 20 dB to represent the transmission loss of a typical frame
house to noise from external sources (such as powered yard tools).
Levels for about thirty typical home appliance and building noise

sources adjusted in this manner appear in Table XXVI.

Table XXVII classifies the noise sources discussed in the
previous section of this report into four categories: (1) Quiet
Major Egquipment and Appliances, characterized by operating levels
lower than 60 dB(A); (2) Quiet Equipment and Small Appliances,
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TABLE XXIV. NUMBER OF INDIVIDUALS EXPOSED TO
INDICATED APPLIANCES (MILLIONS — 1970) [39]

Potential
Exposure
Major Appliances
Refrigerator 199
Clothes washer 183
Vacuum cleaner 181
Clothes dryer 80
Freezer 63
Air conditioner 60
Dishwasher L7
Food disposer NS
Trash disposer -
Household Appliances
Food mixer 163
Can opener 86
Sewing machine 100
Food blender 63
Electric shaver 80
Slicing knife 80
Floor polisher 32
Power Tools
Saw, drill, etc. 4o
Outdoor Equipment
Electric Mower 6
Edger 3
Trimmer 12
Building Equipment
(residential)
Fan 160
Humidifier 15
Dehumidifier 13
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Primary
Exposure

70
65
66
28
23
21
17
17

13
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TABLE XXVI. SOUND PRESSURE LEVELS OF HOME APPLIANCES AND
BUILDING EQUIPMENT ADJUSTED FOR LOCATION OF EXPOSURE [IN dB(A)]

Level of Level of Exposure to

Operator People in Other
Noise Source Exposure Rooms
Group I: Quiet Major Equipment
and Appliances
Refrigerator 4o 32
Freezer 41 33
Electric Heater Ly 37
Humidifier - 50 b3
Floor Fan 51 Ly
Dehumidifier 52 4s
Window Fan 54 47
Clothes Dryer 55 48
Air Conditioner 55 L8
Group II: Quiet Equipment and
Small Appliances
Hair Clipper 60 Lo
Clothes Washer 60 52
Stove Hood Exhaust Fan 61 53
Electric Toothbrush 62 b2
Water Closet 62 54
Dishwasher 6l 56
Electric Can Opener 64 56
Food Mixer 65 57
Hair Dryer 66 51
Faucet : 66 51
Vacuum Cleaner 67 60
Electric Knife 68 60
Group III: Noisy Small
Appliances
Electric Knife Sharpener 70 62
Sewing Machine 70 62
Oral Lavage 72 62
Food Blender 73 65
Electric Shaver 75 52
Electric Lawn Mower 75 7 55
Food Disposal (Grinder) 76 68
Group IV: Noisy Electric Tools
Electric Edger and Trimmer 81 61
Hedge Clippers 84 64
Home Shop Tools 85 75
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characterized by noise levels between 60 and 70 dB(A); (3) Noisy
Small Appliances, characterized by noise levels between 70 and
80 dB(A); and (4) Noisy Electric Tools, characterized by noise
levels in excess of 80 dB(A).

Group I: Quiet Major Equipment and Appliances

Group I contains the noise sources to which people are ex-
posed for the greatest lengths of time in the home environment.
Most building climate-control equipment, food-refrigeration appli-
ances, and clothes dryers fall into this category. In view of
the widespread distribution of equipment in Group I, it 1s indeed
fortunate that this eguipment is among the least noisy in the

hone.

In general, due to the low levels of noise produced by equip-
ment and appliances in Group I, effects of exposure are either
negligible or mild. Nolse sources in Group I present no aponre-
ciable risk of hearing damage under conventional operating con-
ditions. Under certain conditions, however, these nolse sources
can affect sleep. Of the noisier sources in Group I, only fans
and air conditioners are likely to be present 1in sleeping guar-
ters at night. These devices are characterized by nearly steady—
state spectra because of their continuous operation. Differences
in levels among operating cycles are small, so that peak noise
levels are usually within a few dB of average levels. As such,
these devices may delay the onset of sleep, but are unlikely to
awaken many people. They may, in fact, facilitate sleep for
those directly exposed to their noise, since they function as
sources of masking noise which can suppress interference from

other sources.
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The major effect of exposure to noise from Group I equipment
is speech interference. Conversations in the immediate vicinity
of the noisier sources of Group I would have to be conducted in
somewhat higher than normal levels, or at slightly shorter than
normal speaking distances.

The annoyance value of exposure to noise from Group I appli-~
ances 1is also minimal. The steady-state nature of their amplitude
and frequently spectra are highly conducive to rapid habituation..
Only rarely does one become sufficiently aware of refrigerator
noise, for example, to become annoyed by it. Indeed, it is the
noise sources of Group I which define the background noise en-

vironment of many homes.

Exposure to Group I noise sources has little or no bearing
on startle and stress. Very few people are startled by the noise
of their air conditioners or feel menaced by the implications of

their regrigerator's whirring.

Considering the mild nature of most of the effects of expo-
sure to noise from Group I sources, noise reduction is not an
urgent need. Many appliances in Group I already operate at or
near the level of background noise in the home, so that submerg-
ing them further into the background noise environment would
serve little purpose. Those few noise sources in Group I which
do produce noise levels appreciably above background levels could
probably profit greatly from approximately 10 dB(A) of quieting.
Such noise reduction, well within ﬁhe capabilities of existing
technology, would alleviate the undesirable effects of noise ex-

posure from this group of appliances.
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Group II: Quiet Equipment and Small Appliances

Most of the noise sources of Group II are found in many
American homes, although not all of the sources are as common as
the major equipment and appliances of Group I. Noise levels in
Group II are sufficiently elevated to render certain appreciable
effects, particularly speech interference and annoyance. For-
tunately, the typical pattern of exposure 1s an infrequent, brief
encounter,

Of the three major effects by which noise impact is gauged
in this report, noise sources in Group II produce conly speech
interference in significant measure. Hearing-damage risk is
negligible, both for operators and for others who may experience
secondary exposure. Since most of the appliances in this group
require an operator, sleep interference is not a serious conse-
quence of primary exposure. Secondary exposure probably affects
daytime sleeping to some slight extent. Secondary exposure to
plumbing noise in multi-unit residences could conceivably awaken
as many as 35% of sleepers, although habituation probably reduces

the percentage dramatically.

Operators of the appliances in Group II would find speech
communication during operation quite difficult; conversations
would have to be conducted with significantly greater than normal
vocal effort or at very short ranges, and the intelligibility of
fixed level speech (such as radio or television) would become
marginal. The obvious mitigating circumstances, however, is the
brevity of noise exposure typical of this group of appliances,

In practical terms, the most likely consequence of exposure to
this sort of short duration appliance noise is a temporary inter-

ruption of conversation.
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Annoyance is the most significant of the indirect consequences
of exposure to noise from Group II appliances. While the opera-
tor may be summarily annoyed by the brief speech interference ef-
fects, people experiencing secondary exposure may be equally, if
not more, annoyed. The annoyance of these people (such as neigh-
bors in multi-unit residences or other family members in differ-
ent rooms) is conditioned in part by the intrusive nature of the
exposure and in part by feelings of lack of control of the noise
source. Feelings of helplessness, exasperation, or frustration
are themselves unpleasant and can produce further annoyance.
Should secondary exposure become unduly or unreasonably common,

physiological stress from emotional arousal might develop.

Primary exposure to the noise of these appliances is not
likely to result in much task interference. This is true simply
because it is the undemanding and highly practiced task at hand
that is generating the noise. Exposure to appliance noise for
people other than the operator could interfere with certain
highly sensitive tasks. Generally, however, considering the
usual brevity of exposure, such task interference would be the

exception rather than the rule.

A 10 dB{(A) reduction of noise levels produced by appliances
of Group II would be a useful and worthwhile endeavor. Many of
the effects of secondary exposure would become negligible, while
the speech interference effects for the operator would be con-
siderably reduced. It is clear from Table XXVII that the single
most common source of nolse exposure in the home is plumbing.
Better design of plumbing fixtures would have a gradual but
significanﬁ effect in making multifamily residences less noisy.
Sales resistance to less nolsy products (including the much-
discussed "quiet vacuum cleaner") may be expected to diminish

as the public becomes more noise conscious.
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Group III: Notsy Small Appliances

The distribution and €Xposure patterns of nolse sources in
Group III continue the trend observed in Group II. Group III
appliances are found in fewer homes than the appliances of the
preceding group. Exposure to their noise is for equally brief
periods at long intervals. Both of these factors tend to moder-
ate the impact of the relatively high-level noise developed by
these appliances.

Hearing~damage risk can no longer be dismissed as'of minor
ilmportance for this group of noise sources. While it is true
that average exposure is measured in fractions of hours per week,
it is very likely that certain elements of the population are ex-
posed to one or another of Group III source for prolonged periods
of time.\ dome seamstresses, for example, could easily be exposed
to several hours of sewing machine noise daily. Yard care spe-
clalists might be exposed to equivalent amounts of lawn mower
noise. Although even these exposure durations would not consti-
tute an imminent hazard to hearing (in the sense that they would
be unlikely to lead to sizeable permanent threshold shifts for
many years), they would nevertheless hasten eventual hearing
damage in the context of cumulative exposure from many sources.
In Miller's [16] terminology, noise sources in Group III would
be rated "yellow" (cautionary) with respect to hearing-damage

risk.

Speech interference is severe. AOperators receiving primary
exposure to noise sources of Group III would not attempt conver-
sation during the brief periods in which the appliances are used,
although communication by shouting would still be possible. Sec-
ondary exposure to the noise of Group III sources would also
interfere somewhat with verbal communication. The principal
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form of interference, however, would be degradation of speech
intelligibility rather than more severe disruptions of conversa-

tion.

Since appliances of Group III require operators, sleep in-
terference effects of primary exposure to their noilse are negli-
gible. Sleep interference effects of secondary exposure to this
set of appliance noises also tend to be low, both because the
noise exposure often occurs during hours during which sleep 1is
uncommon and because the very brief periods of exposure occur
only infrequently. Of course, the tendency for more mothers to
be employed outside the home during the day constrains their use
of appliances to evening hours, when the attendant noise levels
may interfere with family social activities and the sleep of

young children.

Annoyance is once again the chief indirect effect of expo-
sure to noise from Group III sources. The operator himself may
find the noise signature of the appliance unpleasant, particu-
larly if it contains pure tone components or a highly variable
temporal distribution of levels. Secondary exposure to these
noises is also likely to be annoying, particularly if the people
exposed to the noise feel that they are deriving none of the

benefits of the appliance'’s use.

Task interference, startle, and stress reactions are all
vlausible consequencies of exposure to this sort of noise. As
usual, however, difficulties in assessing the unexpectedness of
the intruding signal or the nature of background activity make
precise prediction of the magnitude of these effects impractical.

Reduction of noise produced by appliances of Group III could
substantially reduce the levels of hearing-damage risk and
speech interference. The operator's annoyance with the noilse
. signature of an appliance could also be affected by noise reduc-

116



tion, but special attention would have to be paid to the spectral

characteristics of the appliance. All of the effects of secondary
exposure to noise from this appliance group would be significantly
lessened by a 10 dB(A) reduction of noise outout levels.

Group IV: Noisy Electric Tools

Group IV contains the appliances which produce the highest
levels of noise exposure in the home environment. Considering
the potentially serious effects of exposure to such le?els, it
is fortunate that the distribution of sources is quite restricted.
As may be seen from Table XXVII, only about 250,000 electric
vard care tools have been sold, and only about 12 million elec-
fric shop tools are in use. Further, the use of such tools is
probably concentrated in nonurban areas where secondary exposure
effects are not as widespread as they might be in multi-unit

residences.

Hearing-damage risk can be great if exposure to the noise
levels of Group IV sources is habitual or prolonged. Hobbyists
who engage in regular use of power tools are likely to recelve
considerably more than the average six minutes per week exposure
noted in Table XXVII. Many such tools (saws, drills, routers,
etc.) are operated within a few feet of the user's ear, making
hearing-damage risk even more probable. In Miller's (1971)
terminology, such tools can produce "orange" or even "red" hear-
ing damage risk 1f exposure is prolonged. It is doubtful that
any major risk of hearing damage is encountered in secondary

exposure, owing to the much lower levels experienced.

Speech interference effects of exposure to noise of Group
IV sources can be of sufficient magnitude to preclude verbal

communication in any form other than shouting directly into the
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ear. Even the speech interference effects of secondary exposure
can be great enough to reguire conversation to be conducted at
high levels of vocal effort or at very short distances. As was
pointed out earlier, however, relatively few people are affected
Ly such secondary exposure, and those who are affected are ex-

posed for very brief intervals.

Sleep interference effects of exposure to Group IV sources
would be quite serious were the hours of use of Group IV appli-
ances to coincide with hours of attempted sleep. Primary expo-
sure, of course, is not a problem here, but even secondary expo-
sure can reach levels in the vicinity of 60 to 70 dB(A). Data

the Wilson report [26] may be interpreted as predicting that

L]
"3
O
=

o5

levels will awaken one-half of all sleepers and about one-

30
A

w

+

C

third of all people would find 1t difficult to fall asleep. Use
of electric yard care tools at night is unlikely, but home shoo

tcols are often used at night.

To the extent that noise exposure to such high levels is
verceived as avoidable or unnecessary, annoyance effects are
crobably quite pronounced. A neighbor's noise, particularly at
such hich levels, is rarely welcome. The high noise levels pro-
duced by these tools may also interfere with the very tasks the
operators are attempting to accomplish. If nolse levels are

ufficiently high to mask warning signals or other unexpected

)

z2coustic signs of danger, the safety of the operator and his
-efficiency may be compromised. Stress produced through prolonged
exposure to noise levels characteristic of Group IV tools may be

appreciable, particularly if exposure is involuntary.

Considering the seriousness of the effects of exposure to
noise of apprliances in Group IV, application of noise reduction
technigues is urgently needed. Reduction of noise levels by as
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little as 10 dB(A) would have immediate benefits in reducing the
hearing-damage risk to the operator and reductlion of the speech
interference and annoyance-related effects for those receiving

secondary exposure.

Summary of Effects of Appliance Noise on People

Tables XXVI and XXVII summarize the impact of appllance noise
on people in concise terms. Table XXVII contains an account of
the extent and duration of noise exposure from all fouf appliance
groups in terms of millions of person-hours per week. The reader
is reminded of the cautions expressed in the summary of Sec. 3.2.1
for the interpretations of figures expressed 1n person-hours.
Table XXVIII relates person-hours of exposure directly to the ma-~

jor criteria of Sec. 3.1.

3.4 Projections of Construction and Appliance Noise to
the Year 2000

Projecting conditions to the year 2000 involves a number of
uncertainties. One of these is the exponential rate at which
technology is evolving and affecting soclety. As pointed out by
Sir Arthur Clark¥, l1ife in the year 2001 will be as different
from the present as the present is from 1890. Who - in 1890 -
could have realized the impact that electricity and the automo-
bile would have both on life style and on the environment? Tech-
nological innovation, however, is not the only factor to be con-
sidered. One simply cannot account for future changes in social
attitudes. Although a few far-sighted technologists may have
predicted in 1940 the capability to transport passengers at

¥Lecture to the Arlington Library Association, Arlington, Mass.
(Sept. 1970).
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supersonic speeds, it is doubtful that they could have predicted
that such a technologically feasible system would be abandonded
largely because it was expected to make too much noise.

Although any long-term predictions are fraught with such
difficulties, one can still make educated guesses with a reason-
able level of confidence. Rather than merely extrapolate exist-
ing conditions to the indefinite future, we try to be somewhat
quantitative by projecting the impact of construction and appli-
ance nolise on the basis of existing forecasts of populafion,
family size, gross national product, and trends toward urbaniza-
tion. Construction activities will continue to follow such
growth patterns, although the character of construction may
change significantly with greater use of prefabricated materials
and the introduction of new kinds of equipment. Similarly,
ownership of appliances has been found to be a function of family
income level, and we use their relationship to project the growth
of appliance use in the generally more affluent households pre-~
dicted for the year 2000. Also, rather than trying to account
for conflicting trends and changing attitudes, we project the
extent of exposure with the assumption of no change in noise
level for a given equipment or appliance type and consider only

major trends that can be easily identified.

We use the following data, taken from the U.S. Census Bureau,
for projecting the increase in exposure to construction and appli-

ance nolse:

1870 2000 Ratio
GNP (billions of 1958 dollars) 720 2240 3.2
Total Population (millions) 200 293 1.45
Total Number of Households (millions) 63 104 1.65
People per Household 3.17 2.8 0.9
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3.4.1 Construction activity

Given the predicted increase in population and in financial
resources, one can expect fairly extensive buillding activity.
hHowever, the urban areas have limited space available for new
building; thus, the trend is for areas outside those now identi-
fied as central cities to become urbanized. Figure 24 illus-
trates this trend for single-~family, multi-family, and nonresi-
dential construction activities. With available land becoming
more and more scarce within the central city, the building of
single~family and multi-family dwellings will continue to de-
crease sharply. In 2000, we can expect to find approximately
one-third the number of residential construction sites as were
active in 1970. Nonresidential building is expected to increase.
In areas outside the central cities, both residential and
nonresidential construction should increase significantly. Non-
residential building activity is expected to increase by over 50%
as the present suburbs become urbanized. With this general trend
in mind, we use the data given above to project the expected in-

crease in exposure to noilise from construction activities.

Nonresidential

We assume that the level of nonresidential construction ac-
tivity in any given year is proportional to the real Gross Na-
tional Product (GNP) for that year. To find the nonresidential
construction activity for any particular year, the ratio of the
GNP for that year to the 1970 GNP is multiplied by the number of
nonresidential sites built in 1970 (Table X). The resulting
total construction figures are apportioned between "central cit-
ies" and "other metropolitan areas" in the same proportions as
occurred in 1970. Despite the expected decrease in total con-
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struction site within the central city, nonresidential sites are

expected to increase.

Residential

We assume that the population and population density of
central cities will remain at their present levels until the
year 2000, and that most residential construction in central
citles will be for the purpose of replacing decayed units rather
than for housing new population. The number of construction
sites will decrease due to the established trend toward an in-
creasing population of multi-family dwellings over single-family
dwellings. (Two- to four-family houses, which represent a
negligible fraction of total construction, are here included in

the total for single-family housing.)

For metropolitan areas other than suburbs, the number of
units constructed in any one year is assumed to be proportional
to the population increase in the previous ten years. To esti-
mate this increase, we project the total metropolitan population
by multiplying the projected total national population by the
estimated proportion of the population living in metropolitan
areas. All the increase in metropolitan areas population for a
carticular year is ascribed to noncentral city areas.

Roads

A simple but plausible indication of road construction ac-
tivity, is the population level. Clearly additional ‘people will
require additional roads, the capability of rapid transit being
small at present. However, the urban areas have limited space
for new roads, and urban residents are expressing increasing

opposition to new road construction on grounds of aesthetics,
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pollution, and the community dismemberment concomitant with the
installation of limited access highways. Thus, it would seemn
unlikely that road construction will rise as fast as other mea-
sures such as the GNP. We therefore project the future level by
multiplying the present level of activity by the ratio of the

projected population divided by the current population.

The number of people affected by construction sites is com-
puted in the manner described in Sec. 3.2.1. Population densi-
ties for all metropolitan areas are assumed to be constanf with
time — U500 people/sq mi for central cities and 2400 people/sq ml
for other metropolitan areas. At any one site, people are appor-
tioned to specific transmission loss intervals according to the
method shown in Fig. 20. The resulting exposure to construction
noise is given in Fig. 25 in person-hours. In this figure, multi-~
family residential construction has been included with nonresidential
construction, since these types of building activities are quite
similar. Note that the number of people exposed to noise from
single-family dwelling construction declines steadily with time.
This trend is more than compensated for by the rapid increase 1in
nonresidential and multi-family sites - for which the duration
of construction is typically six times greater than the duration
for single-family houses. Thus, the number of person-hours of

exposure is expected to increase by about 50% in the next 30 years.

3.4.2 Appliance use

We assume that the probability of future appliance owner-
ship as a function of income level will remain the same and that
appliance costs will remailn approximately the same in current
dollars. With these assumptions in mind, we base our approxima-

tion of appliance use on projected population, family income,
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and income distribution. This estimation is likely conservative
as some appliances are continuing to increase their acceptance
in all income levels, although their growth of acceptance'is low
at the higher income levels where some appliances have nearly
saturated the market. For those appliances for which insuffi-
cient information is available on appliance possession at the
various income levels to make the projection described above,

we estimate future possession from current marketing information

on percentage of replacement sales and on market penetration.

In projecting future impact, we estimate that the appliance
usage will remain approximately at current levels. Supporting
this assumption is the little deviation shown in average time

spent by homemakers over the last forty years.

Figure 26 illustrates the increase in exposure to appliance

noise by plotting hearing-damage risk and speech and sleep
interference in person-hours of exposure. As explained in Sec.

3.1, these three effects are among the most salient and tangible
consequencies of noise exposure and thus can be most readily
interpreted in nontechnical terms. As can be seen on Fig. 26,

we project that number of person hours during which people will
be exposed to the risk of hearing damage will more than double

in the next thirty years, as will the number of person-hours dur-
ing which normal conversation will be difficult and people will

be elther awakened or prevented from falling asleep.

As explained previously, we have not taken into account cer-
tain trends, discussed in Sec. 4, which are having some effect
on the nolse levels produced by construction equipment and appli-
ances, However, one should note, when reviewing these projec-
tions, that industries are becoming sensitive to a growing con-

cern about noise pollution among the general population. For
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example, construction equipment has become noisier as it has
become more powerful; yet, one manufacturer has developed and is
marketing a quiet air compressor. Conversely, refrigerators and
air conditioners have become noisier as manufacturers have strived
to meet market-place demands for extra features and smaller size.
Thus, rather than try to account for an infinite number of vari-
ables, we have assumed no change in nolse levels for both con-
struction equipment and appliances. We feel that this method

has resulted in reasonable near-term projections, if no nolse
control action is taken.

129



4, INDUSTRY EFFORTS
4.1 Introduction

Efforts by industry to quiet products are usually
motivated by two factors: market place demand and government
regulation. The consumer can exert pressure on industry by
electing to buy or not to buy or by selecting a competitive
brand that produces less annoying noise levels. This kind of
"consumer regulation” can be very effective — particularly
with regard to appliances — in that manufacturers are quick to
respond to consumer tastes. However, consumer pressure can
also subvert efforts a manufacturer may wish to make; for
example, housewives often associate the noise produced by a
vacuum cleaner with its ability to clean — the noisier the
machine, the more satisfied a homemaker may be with its
performance. In any event, the purchaser can apply direct

pressure to the industry.

Public pressure, on the other hand, is usually very
ineffective. The only recourse for people who do not own the
noise sources to which they are exposed is to register a
complaint. Such complaints have no effect whatsoever unless
enough exposed people organize and concentrate their efforts on
a particular source. This kind of community response may

eventually result in government regulation.

Our analysis of industry efforts to quiet construction
equipment, appliances, and building equipment was organized as
follows:

* We constructed a matrix of common products and
significant manufacturers.
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+ We rank-ordered products as to approximate magnitude

of noise impact or need for quieting.

» We rank-ordered manufacturers as to their importance
in the product area.

*+ We examined the resulting manufacturer/product
"intersections" with a view toward organizing a
number of interviews that would cover important
products and leading firms and still be within .the

time and effort constraints of the study.

+ We developed an extensive interview format both to
guide the interview and to provide a standardized
method of reporting. (Full use of this format was
not possible within the constraints of this study;
it could be useful, however, in the event that in-

dustry efforts are to be examined in more detail.)

« Under guidance of the format developed, we collected
subjective data and objective observations; this in-
formation forms the basis for representative general-

izations cited in this report.

As expected, the industry is concerned about releasing
data which might disclose proprietary ideas or expose a com-
petitively sensitive area of operations. Accordingly, identity
of sources is carefully safeguarded herein. This need for
corporate security has limited our collection of statistically
meaningful data; the trends observed, however, are clear and,
in themselves, undoubtedly represent the noise control environ-

ment in industry.
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4.2 Construction Industry Efforts

We view the construction industry as consisting of two
major sectors: equipment manufacturing and equipment operation
(i.e., building construction). The functions of these two
sectors of the industry are so different as to warrant separate
discussion.

4.2.1 Equipment operation

Section 3.2 describes this sector of the construction
industry in detail, identifying types and phases of site activity
and describing the areas in which noise abatement can be
achieved.

The industry has, in fact, done almost nothing to quiet
site operations. Its attitude may be attributed in part to the
fact that quiet equipment has not yet been made available on a
cost-effective basis; however, a limited capability does exist
for quieting a site by relocating or rescheduling equipment.
This sector has not exercised its influence as a "consumer" to
bring pressure to bear on the equipment manufacturers, nor has
it responded to public complaints. Hence, regulatory measures
may be the only solution to the problem of construction site

noise, and such regulations are imminent.

4.2.2 Equipment manufacturers

There are approximately 2000 manufacturers* of construction
equipment in the U.S. 1In total, these companies offer about
200 different products. For the purposes of assessing the state
of noise control in this sector of the construction industry, we

¥Defined by counting separately certain divisions of larger
firms which have a highly identifiable product line.
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categorized 48 general types of products that are potentially
significant noise sources. We group these product types into
three orders of classification: (1) class of noise problem
anticipated, (2) relation of equipment to function at the site,

and (3) specific equipment names.

I. Engines and power trains

A. Excavating equipment

backhoes
clamshells
dozers
draglines
loaders

rippers

(power) shovels

~N A\

B. Highway equipment

compacters

graders

pavers

pipe layers
pulverizer/mixers

rollers

rotary borers and drills
scrapers

street sweepers

trenchers and backfillers

OO o~ oW mw o

—

C. Equipment to handle finished materials

1. cranes
2. fork (and similar) 1ifts
3. travel 1lifts

D. Mobile units

1. tractors, crawler
2. tractors, wheel
3. trucks

E. Power supplies

1. compressors
2. electric-power generators
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II.

Interaction between equipment and materials (may
include engines and power trains)

A. Equipment to handle bulk materials

1. bins (and hoppers)
2. concrete mixers
3. conveyors

B. Large impact tools

1. drop hammers
2. pile drivers

C. Medium impact tools

1. Jjack hammers
2. rock (vibrating) drills

D. Small impact tools (power)

1. 1impact hammers
2. dmpact wrenches
3. riveters

4, stud drivers

E. Rotary tools

bench drills
. grinders
hand drills
hand saws
table saws

UVl =W o=

Miscellaneous (may include sources characteristic of
I and II above)

A. Pumps

1. concrete pumps
2. stripping pumps
3. well-point pumps

B. Other

l. burners and heaters
2. sand blasters

3. screeds

4 conecrete vibrators
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Two assumptions underlie the terminology selected:
(1) equipment in transit under its own power is a truck or
tractor, even though when working it may be a dozer or a crane,
and (2) classification by function at the site is arbitrary

since many types of equipment have several uses.

Manufacturers of construction equipment can be classified

according to size/type of equipment produced as

« large companies producing large volumes of essentially

similar, large items of machinery;

+ medium-size companies producing "customized" pro-
duction runs of more limited numbers, usually of

smaller machinery; and

- manufacturers of power hand tools and pneumatic

equipment.

Our interview program was organized to cover the two major
acoustic source types (prime-movers and power trains) and the
forty-eight types of products and three classes of companies
identified above. We concentrated our efforts on significant
leaders in the industry and companies producing a wide variety
of products that have high levels of noise output:

« Of the ten manufacturers intensively interviewed,

about eighty product analyses resulted.

+ Eight of the firms produced equipment in which the
prime-mover or power train is a significant source
of noise; two companies produced only power hand

tools.
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* Three companies were high-production manufacturers;

seven manufactured customized equipment.

* Three-quarters of all the products where subjected
to specific analysis, covering all significant noise
Sources except impact tools and pumps.

* The ten firms represent a significant part of the
industry: Of the two thousand firms nominally in
the industry, about twenty comprise the industry
"core"., Eight of the ten interviewed are part of
this core.

Our overview of the equipment manufacturing industry showed
that:

1. Large companies closely resemble the Detroit assembly-
line manufacturing concept. They tend to have large engineering
staffs and are quite advanced in their efforts toward developing
quieter products. They are aware of the competitive advantage
of quieting equipment but are also sensitive to price competi-
tion from smaller companies and foreign manufacturers.

2. Medium-size companies producing "customized" items
tend to feel more keenly the competitive pressures of the
market place. Competition comes not only from domestic and
foreign companies but also from other types of equipment that
can perform the same operation. Engineering staffs tend to be
small and product-oriented, interested only in Improvements
that incorporate new technology (e.g., hydraulic vs.ﬁechanical
drive). Little effort has been made toward quieting products,
with pressures of current and planned noise control legislation
being passed on to their suppliers. They generally have no
plans or see no need for developing greater noise control

technology.
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3. Manufacturers of hand power tools and pneumatic
equipment fall into two categories: Large multiproduct com-
panies which tend to mount considerable R&D efforts and smaller
companies which are not so innovative but which do follow trends
developed by the larger companies. Noise control has been
pursued rather vigorously by these larger companies as part of
their product improvement programs, but effective quieting of
hand tools is difficult because of such practical constraints
as size and welght.

Our in-depth interviews revealed that in the past the
industry's concern with noise problems has been directed pri-
marily to protection of the equipment operator. The impetus
for this concern came largely from noise codes imposed by
foreign countries, where some U.S. equipment has had to be
"reworked" by foreign distributors. Three of the eight "large
equipment" companies interviewed had previously quieted equip-
ment to enter European markets. Switzerland and Belgium, for ex-
ample, specify permissible noise levels for such machinery; in
addition, foreign manufacturers make quieter machines and set
a competitive pace in foreign markets. American manufacturers
seem to have met this competition by custom-designing equipment
for export. There 1s an implication here, of course, that
many American machines marketed abrqad have been quieter than
counterparts that were marketed domestically; however, this
implication has not been verified by this study.

Half the companies interviewed are currently undertaking
programs to quiet their products for the domestic market for the
first time. Many of the present programs have been started this
past year and are aimed primarily at protecting operators, so as
to conform to impending legislation/regulation regarding occupa-
tional health and safety. Only one of the companles indicated
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that purchasers complain about protection for operators on their
own initiative, and only one case emerged where a union had
lodged a formal complaint. Six of the eight companies described
pressures on behalf of operators that originated with existing

or proposed governmental action.

Many manufacturers feel that the efforts they are now
making on behalf of equipment operators will pay off in meeting
future noise limits designed to protect the public. Perhaps,
one of the most promising future approaches has been taken by
one of the manufacturers of large equipment, who has charged
design teams with the responsibility of integrating noise control
into the overall design of his next generation of products and
has set up review boards to evaluate new designs from all stand-

points, including noise.

Four -of the eight companies specifically mentioned the
recently enacted Chicago nolse ordinance as contributing to
their specific future objectives. The industry generally anti-
cipates EPA-administered federal control; the visits of our
interviewers reinforced this feeling. Two companies believe
that pressures for quieting will increase with time - apparently
as a result of an increasing public awareness of noise as an

enyironmental pollutant.

Although the industry has become increasingly aware of the
pressures for noise control and has already made some efforts
in this area, manufacturers must cope with economic pressures
that argue against noise abatement. Some companies feel that
the intensity of competition sets the limits on what price the
market will bear. One of the industry's leaders was concerned
that purchasers will continue using o0ld equipment if prices
rise significantly. Other industry leaders point out that
foreign-made machines (some of them already quieted) will enter
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the American market if prices rise appreciably. One company
predicted that a small rise in the price of truck-mounted con-
crete mixers would lead to the introduction of alternative
methods for handling concrete delivery and production.

Companies who feel that the demand for their products is
great enough plan to pass quleting costs onto the consumer,
although such threats as foreign competition and alternative
methods put limits on this process. The question here is how
fast the industry dares to move. One limit on rapid movement
is price competition. One company may be able to beat its com-
petitors to the market with a quiet machine, but it does not
dare raise prices substantially in the face of competition.
Different companies approach this problem differently. Most
express the intention to meet or exceed the competition, but
they feel that any great competitive advantage they gain
through an éll—out effort to quiet their products would be short-
lived. One company sees i1ts competition as being extremely
severe, and fears that it may not be prepared for the next round
of quieting, while another company has actively launched a pro-
gram designed to produce quieter machines than its competitors

at lower costs than the competitor will incur.

This company and some others expressed the concern that
often accompanies any industry leadership; i.e., a company may
invest large sums in quieting which will thus increase the cost
of products, while another company that refuses to quiet pro-
ducts keeps it prices low and may successfully challenge noise

regulation in the courts.
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While all companies regard cost as an immediate — and
perhaps as the ultimate — constraint, two other constraints
become paramount if and as costs diminish: time and technology.
Three companies, each in a different fashion, represented that
costs can be traded for development time; i.e., more time for
development would reduce the cost of competition, allowing
quieting techniques to be integrated into planned engineering
efforts and to be an integral part of the seasonal progression
of models. The very company that is setting out to achleve the
most quieting for the least cost is the one that feels that
technology will eventually supercede cost as the principal
factor that limits quleter equipment.

At another firm, the technical limitations are spelled out
in terms of: (1) loss of equipment power through increased
muffling; (2) increase in the difficulties and cost of main-
tenance; (3) fire hazards through using insulating materials
that can become oil-soaked; (L) unsafe operation by suppressing
or distorting the noise "signals'" upon which operators depend
for safety; and (5) ineffective operation, by disturbing these
same "signals", thus hindering the ability of the operator to

tell how effectively he is operating.

The industry also voiced concern over the feasibility of
noise abatement where equipment and materials being worked
interact to become prominent sources of noise; e.g., concrete
mixers (where the structure may be the noise radiator); jack
hammers (where the tool and its driving media may be the
offender); riveters (where the structure of the bullding may be
the primary'source); and pille drivers (where both the structure
and the media may be significant sources). This "interaction”
type noise source may be very difficult to qulet.
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However, no firm interviewed condemned noise limits out-of-
hand, nor did they deny their inevitability. Six of the eight
companies expressed the opinion that unless they quieted their
products, their markets would disappear. Feelings varied from
acceptance of inevitable reality to enthusiastic approval of the

trend.

During the course of this study, members of the BBN team
were actively engaged in the regulatory efforts of three citles
‘and one state — Boston, Chicago, San Francisco, and Illinois.
This work provided an insight into the mechanism of regulatory
control from outside the construction industry. 1In addition,
discussions were held with the Construction Industry Manufac-
turer's Association (CIMA) to obtain information about controls

within the industry.

There are potentially four levels of regulatory bodies
outside the industry: federal, state, city/town, and
specialized local departments (city departments of health, air
pollution control, zoning/building, etc.). The regulatory power
exercised by these bodies is generally graduated into four steps:
general standards (setting goals), enabling powers (granting
power to a lower body), specific regulations (against which are
judged infractions), and procedures (for measuring performance).

The target of the regulatory powers is elther basic
equipment performance (i.e., noise of new equipment as sold by
manufacturer) or equipment operation’(e.g., total noise emitted
from a site). Regulations are usually aimed toward protecting
(1) health (as in the hearing-protection section of the Federal
Public Contracts Act) and (2) environmental quality (as in the
construction site operating limits proposed for the city of

Boston).
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No fixed pattern has yet emerged which interrelates the
regulatory bodies, nature of powers, targets, or degree of
protection. Current activity at all levels, however, has
alerted the industry that controls are imminent. One signifi-
cant set of controls already in existence limits the noise
from new construction equipment sold in Chicago; dual controls
are being proposed in Boston, to limit site operation noise and
to restrict noise from new equipment. Enabling legislation
exists (as in the General Laws of the General Court of
Massachusetts), and enabling powers have been passed on through
city ordinance (again as in Boston). Even though the Federal
Public Contracts Act does not apply to local construction, its
philosophy is impressed on the industry, and its effect is
increasingly noted in the carryover of standards into new
federal occupational health and safety legislation.

In summary, the regulatory bodies outside the construction
industry have begun to exercise some influence in the area of

noise abatement.

CIMA and the national standards-setting bodies of ASTM/SAE
are both actively addressing the problems of measuring equipment
noise and recommending quieting standards. The equipment
manufacturing industry would like to coordinate its activities
with those of its closely related standards-setting bodies
(see Appendix B for discussion of a paper prepared by CIMA).
Self-regulation via industry-initiated standards is presumably
somewhat hindered by federal anti-trust provisions.

As yet, no broad controls have been established. It is
assumed that the example set by the City of Chicago equipment
noise ordinance will stimulate other similar action, eventually
resulting in a proliferation of standards put forth at the local
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level. As an alternative, the industry would welcome one
comprehensive overriding standard. However, some anxlety was
expressed as to the reasonableness of future legislation,
specifically that sufficient time would not be allowed to con-
form to such a standard. Typical new product lead-times are
on the order of five years. Industry believes it could meet
noise goals without excessive cost to the consumer, if given

enough time.

In general, 1t appears that industry 1s aware that it will
be forced to comply with ever-tightening noise standards. While
this fact seems to worry everyone to some extent, most manu-
facturers are confident that they will meet the limits set by
current and anticipated legislation/regulations/standards. In
fact, all but one of the companies interviewed stated their
noise control goals in terms of such limits, frequently speci-
fying either the levels stated in the Walsh-Healey Public
Contracts Act for operators or those set forth by the Chicago

ordinance for public exposure.

Early abatement efforts made by the manufacturers have been
highly successful; thus, the industry is somewhat optimistic
about its ability to cope with pressures for noise control.
However, it is important to note that the industry has begun
with the most obvious and the easiest tasks it must accomplish.
Future tasks are apt to be far more difficult and costly;
therefore, future struggles to comply with more stringent
standards could possibly influence company attitudes, making

them less receptive to regulation.
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4.3 Buildirg Equipment and Appliance Industry Efforts

Throughout this study we have viewed the home appliance
industry as consisting of two major sectors: owner-controlled
appliances and major building equipment (such as heating and
plumbing systems in multifamily dwellings). We continue this
division, since (even though certain large companies produce
both types of equipment) the nature of the marketing and of

the pressures for noise control are quite different.

4.3.1 Building equipment

The quieting of building equipment involves the contribu-
tions and decisions of an interdependent chain that consists of
owner, regulatory body, architect, engineer (both mechanical and
structural), equipment, and manufacturer. For purposes of ana-
lyzing industry programs, three sectors of this network are
significant: (1) the equipment manufacturing sector; (2) the

design séctor, and (3) the control sector.

Overall, quleting of the equipment in a building thus be-
comes a compromise between the elements of the chain on matters

of design, budget and technical performance.

Manufacturing Sector

Manufacturers of building environmental control and services
equipment are currently aware of the significance of quieting
their products; they reélize that they have a role to play in
gquieting at the source. The manufacturer does not have complete
control over the quieting of the finished system; here, he is
dependent on the architect and the mechanical/structural engineers
as to location, local architectural treatment, and surrounding

structural design.
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Glven this ambiguity, manufacturers in the past have been
unicertain as to what to guiet, how much to quiet, and even how
to measure progress in quieting. In a recent review of a wide
variety of currently avallable equipment from a variety of manu-
facturers, severazl types of equipment showed spreads as large
as 10 @B within the type. However, no line of equipment from

a single manufacturer was characteristically noisy or gquiet,

Currently, manufacturers are trying to solve problems of
rating their equipment. This effort is being channeled largely
through the trade associstions and the technical societiles,

The fundamental aim of this effort is to furnish the architect
and engineer with ratings that they can utilize 1in desligning
their equipment layouts and in specifying thelr eguipment.

In the compressor industry this step has been substantially
achieved, The result is that competitive criteria nave become
clearer and that the major technical barrier to guietling is
common to the indusiry as a whole. {It is the blade-rate scream
from the impeller.) It is apparent that 1f a manufacturer
could make & technical breakthrcugh in this area, he wouid
achieve a strong competitive advantage. There 1s some gquestion,
however, as to whether any single manufacturer can afford the
development costs that such a breakthrough would entail.

When rating methods have been developed and when, as a
result, the technical problems become better defined, manu-
facturers of building equipment will face three basic alterna-
tives in reducing the noise from thelr products that reaches
the building's occupant: (1) redesign of the equipment, (2)
enclosure of the noise source by the manufacturer and (3)
passing the problem along to the building designer.
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Design Seactor

The mechanical engineer is starting to add acoustic per-
formance of equipment to the list of building specifications.
These specifications are passed back to equipment manufacturers,

The mechanical and structural engineer interface with the
equipment manufacturer in the area of containment of noise vs
quieting at the socurce. Trade-off between the two approaches
must be considered on both sides. Enclosures, if chosen often
become a manufacturer's problem because of the need to bring

proper controls and services through the enclosure.

The same two factors face each other regarding size of
equipment. The design sector wants compact equipment in order
to increase usable space as well as be able to move through
doors, while the manufacturer tends toward larger equipment to

favor guleting.

The architect meets the manufacturer at another interface
that concerns equipment locatieon, lcocal architectural treatment
and selection of structural system. Acoustically remote spaces
are of'ten not possible to be allotted to house equipment in
view of the high cost of building space and the attendant desire
tc maximize revenue-bearing space. Architectural taste for open-—
ness in design and novel structural systems can often make the

isclation of equipment spaces more expensive.

The designer faces a unique combination of equipment for
every structure he designs. These combilnations create unique
problems of design. They also create unigue patterns of emission.
Thus in one building, the designer may be able to afford a fairly
noisy piece of eguipment because it will operate by itself or

bécause it will operate in relative isclaticon. In ancther
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building he may reguire a very qulet plece of equlpment to perform
the same functlon because it may be operating alongside other
noisy machinery or in a location that makes the building users
vulnerable.

Control Sector

Controls regarding building equipment acoustic performance
emanate from four scurces: (1) trade associations within the
building equipment industry; (2) specialized technical societies
also within that industry; (3) generalized professional tech-
nical societles (such as ASME, IEEE, etc.)} serving all U.3.
equipment industries; and (4) régulatory bodies (Federal, state

and local).

The role of the trade associations i1s to set standards for
rating the performance of eguipment and to evolve guidelines for
proper application of the eguipment. Among the most active in
dealing with noise control are:

» Air Conditioning and Refrigeration Institute
+ Alr Moving and Conditioning Association
+ Alr Diffusion Council
» Compressed Alr and Gas Institute
+ American Gear Manufacturers Association
. National Fluid Power Association
- Hydraulic Institute
« National Electrical Manufacturers Association
In contrast, the technical socleties both within the building

equipment industry and outside, serving all industries, are dedi-
cated to developing measurement procedures and standardizing the
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techniques for making measurements and reporting results. Most
active in the measurement area are:

* American Society of Heating and Refrigerating and Air
Conditioning Engineers

= Institute of Electrical and Electronics Engineers
* American Society of Mechanical Engineers
* American National Standards Institute

* American Socilety for Testing Materials

Govermment agencies exercise contrel in three ways: (1)
as regulatory agenciez concerned with occupational health; (2)
again as regulatory bodies concerned with community noise; and
(37 as significant purchasers of equipment for use in public
builldings or publically filnanced projects. The occupational
health and neise control aspects of the Walsh-Healey Public
Contracts Act has served as a pace-setter for establishing
targets for the bullding equipment industry, although the fed-
eral act itself generally has little direct applicability to

most of equipment currently sold.

As state and local governments extend thelr protection against
ccecupational health hazards, they are tending to adopt the Walsh-
Healey criteria. These enactments tend to put pressure on manu-
facturers and designers allke. The most actlve current issue
arises from the establishment of a stringent specification
(80 @B(A) at three feet) by the General Services Administraticn

for machine noise in federal builldings.

Manufacturers are having difficulty meeting the G.S.A.
standards through quieting at source, but G.5.A. replies that
containment will solve the problem., In one instance, however,
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2 substantial federal building project has not been able to at-
tract gqualified equipment bidders. Minimum prooverty standards
for FiA-assisted dwelling units have been in effect for a number
of years. Some lattitude regarding enforcement apvears to be
permitted to the directors of regicnal offices.

In total, the criteria for acoustic performance of building
equipment are still in a state of evolution. HMore detailed dis-
cussion of standards ls contained elsewhere in this report. Mea-
surement procedures are still under development, and the current
acoustic performance of standard equipment is still neot fully
understood within the various sectors of the industry. A system
for rating equipment by category is seriocusly needed to give the
contrel sector, designer and manufacturer a common language,

The divergence of the city codes that do exist (15 4B spread)
needs to be eliminated to reduce customizing requirements on

the eguipment manufacturers.

Summary of Pressures For/Against Quieting
a. for

+ Quieting deemed a '"necessity", no longer a "luxury"; tenants
now in second or third generation of air conditioned buildings,

and attitude toward quiet has matured to this point of view.

+ Architectural desire for openness of design, new lightweight
structural systems and econcomy of nonrevenue bearing space

places premium on guieting of source.

+ Mechanical engineers increasingly aware of need for gquieting,
hence now specifying acoustlcal performance.

+ Occupational health and safety pressures spreading, following
examnple set by Walsh-~Healey Act.
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+ Codes at city level to enhance community quiet.

+ Quieting generally becoming cost-beneflcial In eyes of
bullding owners.
b, Against

+ Technical barriers make next step toc expensive for single
manufacturer to attempt by himself.

« Lightweight and small equipment desired to fit into small
allocated spaces and remain tolerant of light foundations.

« Specific quieting goals are not clearly set, and codes and
regulations are confusing and contradictory.
2. Trade-off Must be Examined
+ Containment via enclosure vs quieting source — which 1s mere
cost effective?
4.3.2 Home appliances

There are approximately 70 to 80 important manufacturers¥
of home appliances in the U.S5. These companies offer 30 to 40
different products that are potentially significant noise
sources. For the purposes of assessing the state of noise
control within this industry, we rank-ordered specific appli-
ances according to their relative importance with regard to

noise abatement in and around the home.

+ air cconditioners,
+ dishwashers,

+ water closets,

¥Defined by observing company names and appliance categories in
various well-established consumer journais.
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* other major appliances {(clothes washers, dryers,
refrigerators), and

+ appliances whose ncise output 1s interpreted as a
measure of its efficiency {(vacuum cleaners,
blenders).

The industry is characterized by four major company/product
mix categories: '

* large, multidivisional companies producing a broad
range of products;

* medium-size companies formerly specializing in a
well~known product but now branching out te take
advantage of a good name in the consumer market;

+ small and medium-size firms who maintain a certain
leadership character through continued specializa-
tion; and

* companies manufacturing "private label" appliances
toe be 30l1d by others, usually by large retailers
who contract for and control the product policies
of a large voiume of home appliances.

Cur interview program was organized to cover leading
manufacturers of a range of equipment as well as retailers and
industry associations. We interviewed eleven manufacturers
(or manufacturing divisions of large companies), two major
retailers, and twe industry associaticons. Twenty-nine products
and ninety-six product/manufacturers were covered by this

survey.
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OQur coverview of the industry's attitude toward ncise
control shows it to be so direct a functlion of market place
pressure that nolse control technology often exceeds application.
Appliance manufacturers tend to maintain sophisticated R&D and
product engineering staffs that are capable of delivering more
neise reduction than market strategy can justify. In fact,
some companies have tried — unsuccessfully — to market quiet
products, such as air conditioners, vacuum cleaners, blenders,
and hair dryers; others haveldeveloped a number of guiet proto-
types that were not put into production.

Consumer research shows low nolise levels are not highly
valued by most customers. Several companies keep systematic
track of customer corresponderice, while the industry itself
maintains a Major Appliance Consumer Action Panel (MACAP) that
acts as a clearinghouse for complaints. These records, all of
which concern major appliances, show relatively 1ittle com-
plaint about necise. For example, only 5% of the letters to
MACAP in the first eight months of 1671 were about noise.

The objectives for guieting household appliances seem to
vary with the market pressures on particular products. With
this observation in mind, we organize our discussien of nolse
control efforts around the "problem" appliances ildentified
above.

Air Conditioners

There is probably more market pressure to qulet alr
conditioners than to quiet any other household appliance, Since
air conditioners emit noise both indoors and cut, they freguently
affect not only the purchaser and his family, but also neighbors
and passersby. Both kinds of emissions generate pressures for
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noise reduction. Pressure from neighbors takes the form of local
neise drdinances that specify maximum sound-emission levels at a
property line; this pressure is passed on to the manufacturer,

as one company pointed out, by deaglers or marketing men who are
aware of the ordinances.

Doliar sales of room air conditioners grew almost elght-fold
in the decade of the 1960's; during that time, indoor quiet
emerged as & competitive dimension. Several manufacturers are
currently engaged in competitive advertising campaigné to sell
the guletness of their room air conditioners and are giving
thelr products brand or model names that imply the quietness.
Two large appliance manufacturers independently volunteered the
opinion that quiet is becoming more important to purchasers
every year. One of these indicated that the fact that air
conditioning allows one to close the house against outside noise
may soon become a sales argument in air conditioner
merchandising. However, one leader in the current "quiet" race
indicated that their top-line model is not selling well,

Most quieting effort for air conditioners takes place in
modest engineering laboratories that are attached to the loeal
production facilities. One such laboratory reports spending
three man-years per year on air conditioner noise control; cone
man-year per year was a more freguently mentioned level af
effort. While the product policy people generally reported that
they were making maximal use of available quieting technology,
the study project acousticians who initiated the interviews felt
that current state-of-the-art technology was not being univer-
sally applied.
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Two estimates we received indicate that guieting room air
conditioners adds 10 to 15% to their price. There may alsc be
an inherent trade-off between quietness and efficiency (since
one way to reduce air noise is to decrease air velocity).
Sometimes, quieting results in increasing the air conditioner's
physical dimenslions, thus detracting from appearance as well as
from convenience and ease of installation. There may alsoc be
a trend toward model lines differentiated by nolse output - 1i.e.,
an expensive gqulet air conditioner and a cheaper noisier model.
One manager ppinter out that there are anti-trust constraints

against organizing industry consensus on ncolse levels.

Dishwashers and Foed Disposers

The mechanical differences between dishwashners and disposers
do not alter the fact thal nolse control pressures are similar
and that the manufacturers' approach to gquieting is similar.

Thus our survey indicates that fthese two appllances logically

group together.

Quiet is a saleable characteristic of dishwashers and
disposers, although the pressures for quieting are not so great
as for air conditioners. While we are aware of no advertising
campalgns bullt exclusively on quiet, it is advertised with the

same prominence given to power and reliabllity.

Noise levels from dishwashers and disposers are not currently
~under public regulation, hence the incentive for guiet comes al-
most exclusively from the purchaser. This gives rise to marked
differences between models; if one wishes, one can buy an
inexpensivé, nolsy dishwasher or disposer. Reports from the
industry indicate that landlords frequently do just that.
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Nocise emissions from these two appliances are noft so
completely under the control of manufacturers as in the case of
other appliances; the manner of installation greatly influences

structureborne and plumbing-borne ncises.

Dishwashers, however, present a promising example of
industry's response to the purchaser's desire for lower noilse
levels., In a 1970 survey by the United States Steel Co., 48%
of dishwasher owners had no complaints about their appliance,
but of those who did, more complained about noise than about
any other aspect of 1ts operation. Both survey data and mar-
keting "lore" indicate that the purchaser who has previously
used these appliances puts a higher value on quietness than

does the new user,

The costs of quiefting were estimated by one dishwasher
manufacturer to be 10% and by another to add $1 to $2 to manu-
facturing costs. A disposer manufacturer felt that quieting
would add 12% to a product cost, whereas a retailer of disposers
estimated 18%. Quieting these machines might deny their
availability to those least able to pay.

In the case of dishwashers, one manufscturer indicated
the possibility of trade-offs between noise and maintenance
costs, and reliability. Another indicated z trade-off between
water velocity and quiet but expressed the opinion that there
are no serious technical restraints to quileting dishwashers.

In the case of disposers, industry claims inherent problems
with water and grinding noise (espeecially with the noise of
grinding benes). Some noise is considered necessary to the
user's safety, so he will know when the disposer is operating
and when 1t has finished grinding.

155



S0 far, a number of sophlsticated technigues have been
applied to dishwashers: 1solation, damping, and parts re-design.
Manufacturers cf both dlshwashers and disposers have tried to
improve the guality of installation by providing carefully drawn
instructions and flexible fittings. One company has reduced
noise on its top-line dishwasher from 82 to 76 dB(A) (at an
unspecified distance) since 1967 and plans a further reduction
in the next few years. Another manufacturer expressed only the
desire to keep abreast of the competition; this company tests
each machine for noise, rejecting something under 1%.

None of the manufacturers interviewed intends to give up
his noisier "economy" lines; goals did not seem to be appreciably

influenced by the prespects of nolse regulatiocn.

The companies interviewed claimed to have adequate acoustic
test facilities, although the efforts devoted to testing and to
development varied widely in quantity and quality.

Water Closets

If evidence from mall order catalogues is reliable,
guietness in water closets is a marketable attribute. -Two top-
line, "low profile'" models preominentliy feature quiet iIn their
advertising. One manufacturer indicated in an interview that
placement of the height of the tank inveolves a trade~off between
guiet and efficiency, and indicated that quilet designs may be
less reliable, less efficient, and more expensive. Like dish-
washers and food-waste disposers, economy-models are noisier

than more expensive ones.

Currently, one company is trying to eliminate a water hiss
that cccurs when the tank is full.

156



Other Major Appliances

Quieter clothes washers, clothes dryers, and refrigerators
tend to be by-preoducts of engineering originally undertaken with
other objectives in mind. The classic case is a washing machine
model that was incidentally quieted when two gears were removed
from the power train to save cost. In the context of product
improvement, noise is generally treated as a secondary design
goal, although manufacturers are concerned that engineering
changes may produce nolsier products. For example, refrigera-
tors are becoming larger and ncisier as manufacturers seek to
meet the demand for special options such as ice makers; a
spinner-type washing machine produced higher nolse levels when

spinner gpeed was increased to 2000 rpm.

Two of four manufacturers interviewed make quiet models of
washing machines that sell at a $10 to $20 premium; sales for
both lines are disappointing. Nene of the other models of
these companies is marketed on the basis of gquiet nor do the
mail-order catalogues feature guiet. The single exception Is
a spinner-type washer in which "quiet operation” appears in the
small-type description. There 1s, then, relatively little
evidence of pressure for guieting appliances of this type.

Yet, despite the weakness of market pressures, considerable
quieting effort has gone into the design of these appliances,
especially washing machines. One manufacturer mentlioned six
different quieting projects that have recently been completed cr
are underway. A refrigerator manufacturer mentioned an effort
to avoid strange or unidentifiable noilse. No specific efforts

to quiet dryers were uncovered.
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Vacuum Cleaners

The manufacturers of vacuum cleaners believe that the
market pressures are for noisy machines. The three manufacturers
and one large retailer interviewed are all convinced that cug-—
tomers use noise as the basis for Judging a machine's power.
For example, after concentrated technical effort, a manufacturer
had significantly reduced the noise from & canister model with-
out reducing its cleaning capability. Housewives who partici-
pated in a marketing trial wanted to know "if the machines were
really cleaning".

Neither of the large "private label” retailers we consulted
mention quiet as a design goal. In fact, in advertising a nap
adjuster, one company writes "..,., just slide the bar across
until you hear the right cleaning purr". One company that
carefully analyzes its correspondence from customers finds
virtually no noise complaints about vacuum cleaners or any of
its other portable appliances.

A reasonable level of engineering effort has produced
feasible solutions to vacuum cleaner noise problems; according
to all interviewed, however, these solutions are not being
applied to products that are sold, because vacuum cleaner manu-
facturers and retailers do not sense a demand for guieter
products. In fact, the sale of upright cleaners, whose beaters
make them noisier, is growing at the expense of the sale of
canister models. Apparently, the beater action of upright
cleaners can better handle the new deep~-pile weaves that make
modern carpets harder to clean. There are technological limits
to the quieting of upright vacuum cleaners, because of the inter-
actlon between the beater and the carpet, but the noise levels
of production models seems to be determined by customer usage
demand rather than by'technological limitations.
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The company that developed the quiet canister cleaner
employs a physicist who works full-time on ncise-control studies.
The company calls in noise consultants about four times a year
and samples its customers at six-month and two-year intervails.
They have given considerable attention to the problem of beater
noise and estimate that solutions that would not reduce a
machine's efficiency would add 50% to its price.

Another large company made a study ten years ago (at a cost
of about $30,000) in which they developed ways of reducing
vacuum cleanéf noise in middle and high frequencies by about
10 dB(A). They have just contracted for a study of their com-
petitors' canister machines and of the effect of using alternate
motors in their own machines. Although they have avallable
technical staff and laboratory facilities in-house, they have
never applied the results of their studies to the products they

market because of customer attitude foward noilse.

Small Appliances

During the interviews incidental information was gathered
from five different companies concerning eleven small appliances:
blenders, can openers, coffee mills, electric knives, fans, hair
dryers, ice crushers, knife sharpeners, mixers, oral lavages,
and electric tooth brushes. Manufacturers feel that there 1s
public pressure for these appliances to sound as though they
are "really doing their jobs"™. One manufacturer offered the
generalization that, in the small appliance field, the quality
of the sound is more important than the quantity. An appliance
must sound "right". Some must sound powerful, scme rellable,
and none as though they are malfunctioning or undergolng
excessive wear. This manufacturer expressed the belief that an
aceurate interpretation of the customers' desires in these areas

is a condition for remaining iIn business.
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This market pressure leads to diverse noise-control
objectives, both among companies and between product lines
produced by a single company. Customer complaints were
reported about the noise from fans and hair dryers, and cne
marketing executive was guoted as believing that gqulet is a
saleable aspect of mixers. One company which does not manufac-
ture the ice crusher that is sold under its label rut a fairly
high value on quietness in selecting the model it sells. Yet,
none of these small appliances was described as quiet in
either of the two mail-order catalogues that we examined.
Blenders and electric can openers were specifically described by
the managers inverviewed as being appropriately noisy. A company
which we did not interview was cited as having quieted a blender;
in so doing, they slowed it down so that it became less effi-
clent. At least one laboratory is seeking entirely new ways of
comminuting foods that could be both quieter and cheaper than
blenders. Another is designing a screw-type crushing tool that
will substitute a growling sound for the raucous sound of the
chipper that current ice crushers employ.

There is alsoc a search for fan blade configurations that
will eliminate certain predominant freqguencies and produce a
mere pleasing scund. In addition to room fans, this experimen-
tation includes hair dryers, where quieter designs for air
passages are also being sought.

Rubber feet have been added to'electric coffee mills to
reduce vibration noise, but shielding is not being used because
of 1ts adverse effects on costs, size, and aesthetic design.
Plastic beaters for mixers promise to reduce both noise and

costs.
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Many of these appliances are powered by universal-type
motors, which are 1lnexpensive, powerful for their size, but
nolsy. The size-power ratio considered important in such appli=-
ances as hand mixers, electric knives, can openers, and motor-
in~the~-bonnet hair dryers. Conventional hair dryers also embody
a trade-off between speed and quiet; one hair dryer model that
was marketed as "gquiet" took 30 to 75 minutes longer to dry
hair than faster, noisier models.

Speed or the potential power that speed permits'was cited
as important to electric knives, can openers, and blenders. In
the case of blenders, one engineer argued that, if they were
slowed down, the intensity of the noise would simply be traded
for noise duration with no lessening of resulting impact.

There is also reported to be a trade-off for electric tooth
brushes between nolse and cleansing effectiveness.

Cases of limitations on quieting were pointed out for knife
sharpeners where there is grinder-blade interaction, as well as
for blenders where rotating knives are essential and a glass
casing is necessary if the housewife is to monitor the process
visually. In the case of blenders, there is hesitation to
experiment with consumer preferences since the already intense
domestlc competition is being ralsed by the entrance of

Japanese products into the market.

Small appliance manufacturers make freguent use of
subJective noise judgements in their developmental work. Their
product laboratories tend to be less sophisticated than those
for major appliances, although many have access to central
acoustical laboratories of great sophistication. One small
appliance manufacturer tests new products in his employees'
hemes. If employees object to the nolse the new model makes
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they are asked 1f they would be willing to pay for a quieter
product. The general result of this approach is to make this
manufacturer pessimistic about the economic pay-off from
quieter products.

Although specific noise goals are hard to identify in the
appilance industry and although some manufacturers seem dis-
couraged with the return on their efforts to date, all those
interviewed plan to persist in quleting efforts. Technological
limits have not yet been reached. One manufacturer believes
that the earlier competition -which emphasized compactness has
now been replaced with an emphasis on quiet. Accordingly,
industry generally plans to hold the size of future models
constant and to concentrate on producing quieter models, while
presumably keeping prices within competitive limits.
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5. CONCLUSIONS AND RECOMMENDATIONS

This report has presented a broad range of facets concerning
the nolse characteristics of construction, appliiances, aﬁd bulld~
ing equipment, the influence of this nolse on our lives, and the
nature ¢f the industries producing and using this machinery. In
this section, we summarize our findings and recommend what we
belleve to be a balanced nolse abatement program that may be
pursued by EPA,

5.1 EConclusions

One of the most striking factors to emerge from this study
is the monumental complexity of the physical, social, and indus-
trial system that we have attempted to understand. There 1s a
wide spectrum of noise-producing machinery types utilized for
many different purposes in a nearly endless number of situations.
This heterogeneity makes a characterization of even the average
properties of the sources and transmission paths difficult at
best. Of course, nobody is exposed to average conditions but
rather to some part of a multi-variable distribution of circum-
stances, making some notion of the range of source/path/receiver
situation desirable. Furthermcre, human response to noise varies
widely among individuals and depends not only on the readily mea-
surable aspects of sound such as level and spectrum, but also on
such factors as attltudes, predispositions, the information con-
tent of the sound, and concurrent nconauditory stimuli. The in-
dustrial situation 1s equally complex, the judgement of industrial
leaders and their concommitant directives being influenced by
marketplace and legislative demands, as well as by their own
personal attitudes. In presenting what we feel are the salient
features of this complex system, we claim to have observed no
more than the top of the iceberg — and even that at some distance,
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5.1.1 Sources

Despite the tremendous range of equipment, the noise~producing
mechanisms are often similar and may be identified as part of a
much smaller c¢lass. The principal source of nolse in many types
of construction equipment, for example, is the diesel engine.
Exhaust noilse 1s most readily identifiable with structural sound
rgdiation and inlet noise 1ls also of importance. Addltionally,
the hydraulics, fans, and transmissions of construction equipment
generate loud and identifiable noise levels. Such heavy equip-
mznt often creates levels in =2xcess of 90 dB(A) at 50 ft. Dril-
ling and cutting machinery are also extremely noisy as are impact
tcols such as riveters, pavement breakers, certain powered
wrenches, and most plle drivers. Noise from jack hammers and rock
drills often lies between 80 and 100 dB(A) at 50 ft; pile driver
noise can exceed 100 4d4B(A)., Almost invariably, construction

egquipment, regardless of its size, is noisy.

In evaluating the centrol technology of construction ncilse,
ore £inds that approximately 10 dB{A) of noise reduction are
generally achievable using state~of-the-art technigues; 20 dB(A)
coulid no doubit be achieved with a certain level of technology
development. OFf course, these are average values. For some
equipment, such as that sold without exhaust mufflers, greater
noilse reduction would probably be easily achieved; for others,
such as riveters, considerable effort would be reguired to meet

N

these objectives,

The noise levels of home appliances span & much broader
range than those of construction equipment. Certain appliances
such as food freezers or refrigeratcrs are rather quiet gt 30 to
40 4B(A}, measured at 3 ft; other 1tems such as food blenders
can be as nolsy as 80 to G0 dB(A) depending cn the type, speed,
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and food being processed. Garbage disposers may even exceed
90 dB{A). By and large, the ncisiest classes of home eguipment
are powered garden and shop tools. Noise from electric lawn
mowers, hedge trimmers, and grass edgers all measured between
80 and 90 dB(A). Some shop tools generated nearly 100 dB(A).

Noise from appliances is attributable te¢ electric motors and
cooling fans, plus the components being driven by the motors.
For refrigeration equipment, these components are compressors
and blowers; for food-waste disposers, they are grinders; for
shop tocls they are typically cutting or grinding elements, often
connected to the motor by roise-producing gears. As with con-
structicon equipment, nolse reduction levels of 10 dB{A) are gen-
erally achievable with state-of-the-art techniques; 20 dB(A)
often requires either extensive application of existing techniques
or the development of new technology to obtain the same results at

less cost.

Building equipment probably has as large a range of noise-
making devices and noise levels as construction and appliances
combined. Diesel engines, gas turbines, and large electric gen-
erators or motors are all utilized, especially in so-called
"total energy systems” which supply both eiectric power and tem-
perature control for builidings. Refrigeration and heating equip-
ment, blowers, diffusers, and fluorescent light transformers all
generate noise. Fortunately, the nolsiest sources of building
equipment are usually remotely located, typically in mechanical
equipment rooms. Isclating people from this nolse is mainly done

through architectural treatment.
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5.1.2 Impact

We have tried to measure the impact of noise on people in
terms of the levels to which they are exposed, the duration, and
the number of pecple. 1In a one year period approximately 30
million Americans will find themselves living or working near a
construction site. The noise from this site will be sufficiently
high to interfere with their conversation most of the day. Three
million workers with night shifts and 2.5 million children under
four who may require naps live near these sites. Many will either
find it more difficult to fall asleep or be awakened during their
sleep because of construction noise. On the average, a metropolitan-
area resident or worker passeé a censtruction site every other day.
Pedestrians can be exposed to noise levels in excess of 90 dB(A).
Automobile drivers and passengers will often clcse their windows,
thereby reducing the exposure to approximately 80 dB(a). Although
many coperators of heavy construction equipment are losing their
hearing because of noise [29], hearing damage to persons in the
environs of construction sites does not appear to be a substantial
problem. Most people residing or working in buildings nelghboring
construction sites are exposed to less than 70 43(A) mos:t of the
time. Some pedestrians are exposed to levels that could contrib-
ute to hearing loss particularly if these people are exposed to
high noise levels during other times of the day.

One of the most slgnificant aspects of construction noise is
that, in any year, 15% of the population are exposed roughly eight
hours a day, five days a week for many weeks or months. They have
no control over the nolse nor do they have much respite from it.
The argument that construction is temporary has little appeal to
people living near a several year project or one series of projects
alter another located all around them — after all, they argue,

iife itself is temporary.
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Appliances have an impact on people in a rather different
way. Most appliances affect only the people using them and only
for a relatively brief time while they are in operation. For
example, a food blender may generate 80 d4B(4A), but only for
30 seconds, at the end of which the user has a desired product.
This leads to quite different attitudes toward appliances vis
& vie construction equipment as bothersome nolse sources. OF
course, not all appliances affect only the user and his family.
Appliances which affect neighbors are typically those which are
built in to the home structure or plumbing and those which are
used outside. Thus, food-waste disposers, dishwashers, water
valves, and toilets are found to annoy and sometimes interfere
with the sleep of people in multifamily dwellings. Powered
garden tools such as lawn mowers, hedge clippers, and edge trim-
mers as well as power tools used outdoors (e.g., circular saws,
drills, sanders) also generate sufficiently high noise levels

to awaken or annoy neighbors.

One of the most striking aspect of appliances is their num-
ber. Roughly one billion appllances now are uged in homes through-
out the U.S. Virtually everyone owns at least some; e.g., 99.8%
of homes are equipped with a refrigerator, cover 90% have vacuum
cleaners. By and large, pecple in the upper socio-economic stratum
have more appliances. However, the generally increasing affliuence
of the nation coupled with the relatively constant price of appli-
ances over the past 15 years (despite the inflationary growth of
most other consumer items) has stimulated the profusion of appli-
ances into homes at every economlc level. This large number of
appliances and their year-round use (with certain cbvious excep-
tions) has made the exposure to appliance noise very large indeed.
in fact, appliances account for more perscn-hours of speech inter-
ference, sleep interruption, and hearing damage than construction.
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However, the impact in terms of annoyance is probably not so
great, owing in large part to the controllability of many'appli—
ance operation times., For example, one does not have to run the
dishwasher while listening to T.V., but it is difficult to ask
the pile driver operator outside to cease work until a program
of interest is over,

5.1.3 Industry programs

Industry activities in product quieting can best be under-
stood by first considering the pressures they perceive, Demand
for guiet appliances reaches manufacturers directly from the
purchasers in the marketplace. The pecple who are exposed to
nolse, for the most part, are also those who purchase the appli-
ance, or at least influence its selection. Demand for quiet
construction equipment 1s alsc made by people living or working
near construction sites. They generally have no economic in-—
fluence on the building contractor or eqguipment manufacturer.
Hence, their demands have largely gone unheeded and have been
redirected through legislative bodies. A few successes in this
arena have begun to create a marketplace demand for quiet equip-
ment by contractors who "see the handwriting on the wall® and
are willing to pay scmething of a premium for equipment that will
not te illegal to operate in a few years when anticipated wider-

ranging legislative controls are enacted.

The response to pressure for guiet has varied within and
across the appliance and construction industries. Some appliance
manufacturers have made a credible effort to develop capabilities
to deal with noise-control problems and to design appropriate
noise-control measures into their products., This has been espe-
cially true in the major appliance industry where air conditioners
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and, more recently, dish-washers and food-waste disposers are
being treated. As one might expect, the objective of disposer
treatment is to reduce noise within the kitchen containing the
unit. We know of no disposer designed to reduce transmission

of noise through plumbing and into adjacent apartments. The
disposers that incorporate airborne sound suppression are top-
of-the-line items designed for use by the purchaser. Bottom—
of-the-line disposers often have no noise treatment whatsoever
and are usually installed in mulitifamily dwellings. Generally
speaking, when nolse control is introduced in appliances, it is
in top~of-the-line items. There, it serves partly as an added
Juxury and partly as a test of market acceptability. If success-
ful, it will often be introduced in other line items; 1f unsuccess-
ful (for whatever reason) the notion will often develop and per-

sist that consumers simply do not care about noise.

The construction equipment industry also shows a specirum
of levels of response to pressure for product quieting. A very
few companies have foreseen the demand for quiet equipment and
have begun a line of products that are significantly quieter than
competitive models. Some companies have conducted experimental
noise control projects, often with only a modicum of success.
Several companies appear to have given noise-control very little
effort (e.g., some heavy construction equipment does not even use
exhaust mufflers for dlesel engines). On the whole, nolse has
only begun to become a serilous factor in the construction indus-
try, which lacks much of the expertise regquired to deal success-
fully with 1it.
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5.2 Recommendations

Most of the work presented in this report is of the nature
of background material that must be applied to the problem of
noise reduction to be of real value. Our recommendations there-
fore relate to the application of this information and the steps
that we feel ought to proceed from it.

There appear to be two primary means by which tﬁe EFA can
Influence industry to bring about noise control. The first is
to regulate the maximum allowable noise levels that can be pro-
duced by new equipment. The second is by instituting a2 mechanism
for disseminating information to the consumer: namely, requiring
the labeling of noisy products. In situations where the party
exposed to noise is not the purchaser of the noisy equipment and
is not in a position to influence the noise level or operation
of the equipment, it appears that noise standards must be gen-
erated and applied to bring about noise reducticn. This is
largely the case in the construction industry, where the princi-
pal recourse to construction noise control by the community has
been through local legislation. On the cther hand, when the
purchaser is, for all practical purposes, the only party affected
by a nolsy source and that source is not likely to contribute
seriocusliy to hearing damage, then standards appear to constrain
unnecessarily one's freedom of cholce. Rather it would seem
appropriate to ensure that the purchaser is informed of the
levels to which he will be exposed, but that he be allowed the
freedom to weigh noise against other factors (e.g., price, size,
durability) in reaching a decision among alternative products.

Setting standards and labeling requirements is no mean task.
There are technical issues that must be resclved involving the

conditions under which noise 1s to be measured. For example,
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the type of sink in which a garbage disposer is installed and

the character of food waste being disposed of, must be carefully
specified to obtain meaningful and uniform results. Somewhat
more difflicult is the task of determining the maximum allowable
levels for different kinds of equipment. In a sense, these levels
invariably represent a compromise between desired values and
values that are economically acceptable. This concept may be
i1llustrated qualitatively by Fig. 27 in which we plot cost vs
neise reduction. Cost is used to include capital, operation,

and maintenance expenditures owing to the application of noilse
control treatment and whatever performance degradation might
occur because of such treatment. Automobile mufflers are a good
example; they increase the price of an automoblile, often require
replacement during the life of an automobile, and slightly de-
grade engine performance. Results achievable by application of
state~of-the-art noise-control technigues are represented by an
expenentially increasing curve. The first few dB of noise reduc-
tlion are typically achieved at low cost; costs gailn substantlially
as greater levels of quilieting are sought. Also shown in the

Fig. 27 1s a cost vs nclse reducticn curve that might pe achiev-
able subseguent to noise-control research and development. In
fact, it can probably be said that the socle objective of RE&D
should be to lower the state-cf-the-art curve. The third curve
in Pig. 27 shows a relation between cost and noise reduction
deemed acceptable by the declsion-makers. The curve ig concave
downward 1llustrating the notlon that as a machine is made quieter,
each 1ncrement of noise reduction is worth less and less. The
intersection of the state-cf-the-arf{ curve with the acceptable
cost vs nolse reduction curve determines the noise reduction one
is willing to specify. If this level of reduction is inadequate,
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it 1s necessary to conduct R&D to achieve a lower state-of-the-
art curve and inecrease the level of noise reduction that can be

justified economically.

Each party has its own view of the level of the acceptable
cost vs noise reduction curve. For equipment manufacturers who
find little marketplace demand for gquiet products, the curve 1is
low. People living or working near noisy equipment would
naturally draw the curve at a higher level, especially if they
did not have to bear a significant part of the cocst fof guieting
the machinery. One of the problems that EPA will have to face
is to develop an acceptability curve that is, in some sense,
fair teo all parties. Although it is difficult, if not impessible,
to develop such curves quantitatively, it will be necessary for
a decision maker to be aware of the pertinent relations between
cost and noise reduction and to account for them in selecting
the levels to pe achieved. To assist in this process, we rec-
ommend here studies of the technology and economiecs of noise
abatement, the economic impact of nolise control, the type of
improved noise criteria that ought to be developed, and social-
indicator studies to measure the attitudes of the publilc to
noise and noise control. First, let us consider which equipment
ought to be regulated by standards and which by labeling.

5.2.1 Standards and labeling

Wwe recommend that noise sources having a significant impact
on parties who derive little direct benefit from the scurce ought
to be controlled by the establishment of maximum allowable nolse
levels. This would include most construction equipment, con-
struction sites, and certain types of appliances. Among the
items of construction equipment requiring standards are all ma-
chinery powered by internal combustion engines as well as tocls
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utilizing impact or cutting mechanisms, such as driils, pavement
breakers, and saws. Construction site noise levels ought. to be
regulated to ensure that the contractor deploy and utilize his
machinery in a way that minimizes community noise exposure.
Typical appliances regquiring regulation are electric garden tcols
(e.g., lawn mowers, hedge clippers, edge trimmers), food-waste
disposers, dishwashers, air cenditioners, and shop tcols. Because
the neise of hazardous tools also serves to inform the user of

their operation, minimum as well as maximum levels out to be set.

For standards to be applied in a way that may reasonably be
met by industry and yet are sufficient to have an impact, we
recommend the establishment of a three-phase program. A decreasing
sequence of levels would be established and would go into effect
épproximately, one, four, and seven years subseguent to the time

at which the levels are publicly annocunced.

One Year

The purpose of the first phase is to ensure that highly
effective off-the-shelf noise control equipment is utilized on
all new machinery. Thus, all machinery powered by internal com=-
bustion engines would be required to be equipped with high~quality
mufflers, for example. (This contrasts with the current situation
in which some construction equipment is advertised and sold with-
out any muffling whatsoever.) One year appears adeguate for manu-
facturers to order, receive, and install such equipment.

Four Yeaqrs

The second phase would become effective approximately four
years after anncuncement of levels.” These levels would be selected

tc ensure that state-of-the-art nocise contrel techniques are

174



incorporated in equipment. To achieve these levels, the manu-
facturer might have to use socund-absorptive engine enclosures,
for example. Appliances might have to incorporate vibration
isolators for all motors and pumps. Since the type of treatment
envisioned here requires minor changes toc equipment, four years
appears adequate for manufacturers to design noilse treatment

and retocl selected items of their production lines.

Seven Years

The levels to become effective after a period of seven years
should largely represent state-of-the-art advances and should
have a significant impact on the level generated by the noise
source, Twenty dB(A) of nolise reduction for the most offensive
construction eguipment and appliances would seem reasonable.
Seven years allows sufficlent time for the research and develop-
ment needed for state-of-the-art advances and the incorporation

of the fruits of this work in production items.

We also recommend labeling of appliances generating signifi-
cant noise levels affecting primarily the user. Included in a
1ist of items to be labeled are all items contrclled by standards,
as well as shop tools, vacuum cleaners, fcod blenders, fans, and
hair dryers. Our rationale for labeling rather than standard
setting is that a person should be informed of the noise to which
he will expose himself and then be free to consider noise as but
one of a number of factors accounting for his selection of a
particular brand. Noise-control standards would no doubt railse
appliance prices, unnecessarily restricting the consumer’'s range

of choice.
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5.2.2 Technology evaluation, demonstration, and development

We recommend the expenditure of appropriate levels of effort
to evaluate, demonstrate, and develop technology in support of
the establishment of standards. These studies are as follows:

Labeling

To make labeling meaningful, a consistent set of test pro=-
cedures should be developed for each type of appliance cr item
of building egquipment. This is especially important for appli-
ances whose noise characteristics depend heavily on the instal-
lation. Prominent among these are food-waste disposers, dish-
wasners, plumbing fixtures, and vacuum cleaners {(which may rest

on a rug er a hard floor).

Standards = Phgse T

The first recommended phase of standard setting establishes
noise levels that can be met if highly effec¢tive off-the-shelfl
noise control devices are used on all equipment. Prior to the
establishment of such standards, a program to measure the noise
generated by selected machinery samples targeted for incorporation
of such devices would seem appropriate.

Standards — Phase IIT

The second phase of standards would specify levels reguiring
the application of noise-control treatment. We recommend that
EFPA conduct noise~control demonstration projects on selected items
for three reasons. First, achievable levels of noise reduction
can be accurately evaluated, and accordingly specified, only by
means of such programs. Without actually implementing noise-

reduction technigues there would probably be an unacceptable
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level of uncertainty associated with predictions., Furthermore,
practical implementation problems are often not uncovered until
treatment is actually put into practice. Second, such demonstra-
tion of results achievable by means of state-of-the-art noise
treatment would put to rest any objections raised by the affected
industry concerning the technological feasibility of achieving
specifiied levels. Finally, the technical information generated
by & demonstration program would be valuable across the affected
industry, especially to small companies who often lack the reg-
uisite technical capability in nolse control.

Standards =-- Phase IIT

The third recommended phase of standards is designed to
have a significant impact on noise levels and will probably be
achlevable only through state-of-the-art advances in noise-control
technology. To ensure that the state-cf-the-art is appropriately
advanced in sufficient time for implementation in new machinery
we recommend the immediate commencement of R&D programs dealing
with the following important aspects of construction and appli-

ance noise (in approximate order of priority):
+ diesel engines
« mufflers
* hydraulic systems
* cooling systems
* impact and cutting tocls

* other power plants:
gas turbines (for nonaircraft use)

electric motors
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*+ transmissions (gears)

* water valves

5.3 Economic Impact Studies

Determining the optimum balance between public's desire for
quiet and the distributed costs required to achieve it by means
of rigorous systems analysis effort would require a large-scale
simulation of the economics of the construction industry and its
place in the U.3. economy. Such a study is not feasible if usable
results are required in a short time or if expendlture of funds
igs limited. It is possible, however, to make scme choices as to
what To guiet and how to quiet it, by deoing some fairly unsophis-
ticated investigation of how the quieting costs get distributed
through the industry and the economy. We recommend treatment of:

+ The impact of noise on variocus segments of the population.
(This has largely been performed under the existing EPA

contract and needs but a little expansion.)

+ Estimated costs of quieting selected pieces of equipment as
a function of degree of quieting. (This would be an order-
of-magnitude estimate. Data can be cobtained from price
information on existing mufflers, heavy casings, absorptlve
materials, etc., as well as a study of price differentials
between existing guieted and unguieted machinery - not Just
construction equipment. Costs of nonhardware guiding tech-
nigues, such as scheduling site operations to avold using
many prices of equlpment at once, would be estimated by
constructing typical scenarios and consulting with industry
representatives to determine increases in construction cost
increases (or decreases). Allowance should be made for uses
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in which a change in equipment design or operation results
in greater preoductivity, reliability, etc. The effect of

such an occurrence could bte a net negative quieting cost.)

The distribution of increased equipment cost among preducers,
purchasers and the purchaser's customers. {Part of the cost
will be absorbed by each, depending on the demand elasticity
of the commodity. This information exists in published
studies of the economics of the construction industry.)

Allocation of increased equipment costs/rentals among various
types of construction. (The resulting increase in construc-
tion cests are a strong function of what is being built.
Equipment rental typlcally makes up 20% of the cost of civil
works constructions, 10%Z of the cost of highways, but only

2% in the case of buildings.)

The above data would be used tc compute the economic effect

of quieting equipment on the public. The outputs would be:

»

The expected increase in costs and rentals of housing,
offices, industrial space, etc., as a function of the
degree and method of site quieting. Also of interest is
the degree of intersection of the sets of: (1) surrounding
inhabitants, who get the benefits of quiet sites, and (2)
building users, who pay the cost, or part of it.

Expected increase in state, municipal, and federal taxes as
a result of increased cost of public works construction, etc,

The net result of the study would be recommendations for an

orderly construction quieting program based on the information
developed above. The ecriteria by which specific techniques or

regulations would be judged are:
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* Cost-effectiveness (the degree of quieting achieved per
dollar expended).

* Cost-benefits (the reduction in community noise exposure as

a function of quieting cost).

* Equitability (the degree to which the beneficiaries of a
guieting program bear the expense of that program).

5.4 A Program of Public Support Development

Our contact with managers of construction equipment and home
appliance manufacturing companies has convinced us that their
perspective on and attitudes toward noise control programs will
strongly influence the efforts they make to quiet their products.
This is even more true of the values they hold regarding the
legitimacy and worth of quiet environments. Indeed, we regard
the publlc support of noise abatement efforts as a crucial vari-

able in the success of these efforts.

we would, therefore, recommend a continuous program to
diagnose and develop public suppoert for noise abatement. Such

a program would embrace five activities:

Exploration of Programs in Other Areas

We visualize this as an inguiry both into the theory of
public opinion, attitude change, and shifts in basic values and
into the actual technigues of public support development that

have been employed in other contexts.

A Continuous Inventory of Opinion-Leader Attitudes

This would be a program of interviews with opinicn leaders
who are deaiing with noise abatement. It would include leaders
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in government, business, relevant professions, and consumer- and

ecology~advocate groups.

4 Continucus Inventory of Public Awareness, Attitudes, and

Values

These should be measured on a well-designed material sample
on a continuous basis so that trends over time could be assessed

concerning public knowledge, attitudes, and values.

Program Development

A program, based on information obtained from the three ac-
tivitles above, should be developed (1) to optimize the kind and
degree of regulation which can be supported by the public opinion
that exists, (2) to prescribe a public information program that
will improve the quality of public opinion, and (3) to identify
profitable areas for demonstration programs.

The Development and Administration of Pilot Programs of

Noige Abatement

These pillot programs should test the relation of regulation
to various levels of public support in the same sense that pilot
programs that test innovative technological prctotypes are de-

veloped.
we should like to say a word regarding the usefulness and

feasibility of the continuous inventories of leader opinion and
public opinion — activities 2 and 3 above.

Field research in the behavioral sciences has now reached
the point that useful social indicators can often be developed
if thelr development 1s undertaken on a pragmatic basis. We do
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not visualize that these survey activities will be conducted at
the level of publiic-opinion polls. Again, the behavioral sclences
have matured to the point that much more useful kinds of informa-
tion can be gathered. We know from previous nolse surveys that
socio-economic status and attitudes toward nolse makers influence
noise annoyance and noise complaints. A recent study of motor
vehicle noise that we have conducted indicates that the necessity
of the noise, and the degree to which one perceives the noise as
an intrusion, influenceg the level of annoyance. The survey
efforts proposed would tap values that would assist in the formu-
lation of noise criteria. Are people willing to put up with
"bearable" levels of noise or do they now demand reducticn to
"comfortable" levels? Of greatest importance may be attitudes
toward the regulating process itself. By now it is well-
established in social psychology that basic orientations towards
the scurces of influence alter behavior. With regard to the
product manufacturer who promises to become an object of regu-
lation, theory would predict that one's enforcement problems
would be guite different if the manufacturers complied to regu-
lation because of fear, because compllance was expected by his
reference groups, or because his own values induced compliance.
These psychological orientations can be measured through inter-

views.

5.5 Social Impact

The following recommendations are made to evaluate the im-
pact of noise not only from the sources under consideration in

the current repcort but also from other scources.

1. The most fundamental action that can be taken to further

the assessment of noise impact is to 1lnitlate research leading
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to development of an absolute scale of annoyance for all noise
exposure. 'The first stage of such a research program would
obviously be a planning effort to structure the task and prepare
detailed plans for its execution.

The need-for such research is immediate. Existing methods
for estimating annoyance are relative rather than absoliute, limited
in scope and application, not widely accepted, and of dubious
utility. The intended research would entaill simultanecus measure-
ment of both complaint behavior and the offending acoustic signals
producing complaints, at the time of annoyance. A continucus sur-
vey of resildential noise annoyance over a considerable period of
time 1s needed, as are surveys of noise annoyance in other environ-
ments., Until a well-founded research program of this sort is
undertaken, one must continue to rely upon personal experience
or the distortions of the popular press for estimates of the true

magnitude of the anncyance problem.

2. Since speech interference prcved to be such a widespread
consequence of exposure to the noise sources considered in thnis
report, research should be conducted to determine how accurately
speech interference predictions made on the basis of laboratory
data may be extended to real-life situations. Almost all current
knowledge of speech interference effects has been produced by
studies employing steady-state noise as the interfering signal.
No research has been conducted on potentially crucial effects of
temporal parameters of noise distributicns (including frequency,
duration, and pericdicity of interference) on verbal communication.
Further, little if anything is known of the annoyance value of
speech interference. Trade-offs governing the relative annoyance
of frequent but short interruptions vs infrequent but long inter-
rupticns of verbal communication have not been investigated.

It therefore remaing impossible to predict whether people would
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suffer more speech interference from one type of appliance than
another; whether redesign of machinery for longer duration but
lower level noise ocutput would be helpful; whether scheduling
‘changes in the operation of constructicn machinery would reduce
speech interference; and so forth.

3. Noise education programs should be designed to provide
the public with the informaticn needed to make decisions about
the desirability of noise exposure. A noise-conscious public
can exercise a modicum of control over its nolse exposure through
its purchasing power and its demands for noise control legisla-
tion. Consideration should be given to preparation of public
information pamphlets, recordings, or other means of increasing

public awareness of nolse exposure.
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APPENDIX A — DETAILED SOURCE CHARACTERIZATION

A.1 Construction Equipment

Of the considerable body of data on the noise of construction
equipment, most pertains to the operator position; the available
data on noise radiated by this equipment to its surroundings is
very limited. The data presented in Fig. 1 (main text) and in
this appendix were obtained from

» The open literature [I-4].

» Reports, including those submitted by varicus manufacturers
at the EPA hearings on construction equipment held in

Atlanta, Georgia, July 8 and 9, 1971.

. Field measurements conducted for thils project at a number

of construction sites in the vicinilty of Boston.#

A.1.1 Noise spectra

Much of the eguipment used at construction sites is powered
by diesel engines, which generally constitute the predominant nolse
sources. Figure A.l shows the envelope of the 1/3-octave band
spectra of noise from 23 different items of diesel~-powered con-
struction equipment, rated from 45 to 770 hp and operating at
between 1100 and 2700 rpm, at a variety of conditions {i.e., with
various degrees cf loading, ranging from none to heavy). These
spectra were obtained at various locations arocund the eguipment
items, whiech also varied iIn the degree of exhaust muffling present.

¥These measurements were made with a l-in. Bruel and Kjaer type
4131 condenser microphone, coupled to a Bruel and Kjaer type 2203
sound level meter. The signals were recorded on a Kudelski Nagra
type III tape recorder, and later analyzed in the laboratory by
means of a General Radlo Corp. "Real-Time Analyzer". Calibration
was accomplished with the aid of a Bruel and Kjaer type 4220

piston phone.
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Pigures A.2, A.3, and A.U4 show the noise spectra from some
typical engine-powered items of equipment. The low-{requency
peaks typicaliy correspond to the firing freguency {the number
of power strokes per unit time — whicnh depends on the engine
speed, number of cylinders, and on the number of power strokes
per revolution) and its harmonics. Figure A.2 illustrates the
nolse made by two tracked bulldozers under various working con-
ditions. These spectra reflect not only the dilesel noise but
also scme noise due to tracks, gears, and scraping of metal

components against rock.

Gascline (spark-ignition) engines have noise spectra that
are similar to those of diesel engines. In construction equip-
ment, nowever, diesel engines tend to be used for all of the
higher power applications, with spark-ignition engines relegated
to lower power egquipment. Spectra corresponding to two types of

gascline-engine powered eguipment are shown in Fig. A.3.

liolse spectra for two air compressors — cne diesel, one
gascline—-engine powered — incorporating no special noise control
crovisions are shown in Fig. A.Y4., Figure A.5 shows the noise
spectra associated with several pumps and generators; Fig. A.5
shows those levels produced by a vibrator acting on a plywood
Tramework and by various saws cutting wood. Noise spectra pro-

duced by various pneumatic tools are shown in Fig. A.T.

The noise from conventional plle drivers is characterized by
intense peaks associated with the impacts of the hammer against
the pile., The peak levels assoclated with these impacts are indi-
cated in Fig. A.8 for two conventional pile drivers, together
with the noise levels produced by a scnic (vibratory, nonimpact)

pile driver.
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A.1.2 Average construction site noise pollution levels

Based on an analysis of the activities that occur during each
phase of construction at the various types of sites, a listing of
the equipment active during each phase was developed. This 1list-
ing, together with an estimate of the fracticnal number of sites

that involve each equipment ltem, appears in Table A-i.

For site noise analysis, this large table was simplified by
averaging equipment usage over similar sites and by grouping to-
gether eguipment items with similar noise characteristics. For
the calculations, equipment with noise characteristics that were
not known directly was replaced by equipment expected to have simil-
iar (known) noise characteristics (e.g., back fillers and trenchers
were replaced by backhoes and loaders). Equipment known to be
extremely gquiet (e.g., electric cranes, electric fork 1ifts) was
totally omitted from the calculatlions.

Since a given item of equipment 1s present at only a fraction
of ail sites and oniy during part of each phase, and since it only
operates part of the time that it is present, a usage factor wWas
assigned to each equipment item. This factor was calculated as
the product of three factors: (1) the fractional number of sites
at which the eguipment is used (based on Table A-1), (2) the esti=-
mated fraction of the phase duration during which the equipment is
onn site and (3) the duty cyecle, 1.e., the fractional time that this
equipment is operating while on site [5§]. The resulting usage
factors are summarized in Table A-2.

In order to calculate the site NPL, defined as the sum of the
energy-average SPL in dB(A) and 2.56 times the Standard Deviation

of A-scale SPL [6], one needs to know not only the average scund
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TABLE A-Z2a.
IN DOMESTIC HOUSING CONSTRUCTION¥*

Equipmentt

Air Compressor
Backhce
Concrete Mixer

Concrete Pump

[81]
L85]
£85]
(821

Conecrete Vibrator [(76]

Crane, Derrick
Crane, Mobile
Dozer
Generator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Prneumatic Tool
Pump

Rock Drill
Reller

Saw

Scraper

Shovel

Truck

£88)
£831]
£80]
{783
£85]
(88
L79]
(851
f101]
L1851
[76]
[98]
[74]
[78]
[88]
[82]
Ls1]

USAGE FACTORS OF EQUIPMENT

Clearing

.04

.05

lou

.05

.16

= Excavation

Constructicon Phase

o
Ny

.08

.08

.01

.02

Foundation

.04

L0b(2)

Erection
Finishing

Mo

5
LGz

.0k

.02
025
.04
025

L1 L0h
. 005
L0t
L1(2) Lo {(2)

.Gl

.16

¥ Numbers in parentheses represent average number of items in use,
if that number is greater than one.
very rare usage.

Blanks indicate zeroc or

T Numbers in brackets [ ] represent average noise levels [db(A)]

at 50 ft.



TABLE A-2b.
IN NONRESIDENTIAL CONSTRUCTION¥

Equipmentt

Air Compressor
Backhoes
Concrete Mixer

Concrete Pump

Concrete Vibrator
~

™ - 1.
rane, Uerricx

¢

Crane, licbile
Dozer
Generator

Rock Drill
Roller

Saw
Scraper
Shovel

Truck

-

Laiats S it B s T e O i |
oo
3

il

o oo o~ oo
[0 SN VUL U S VNN S VUVON T T T O T

r

" Y
Qr € o 0 Oy N)OAg

G 3

(¢ R

-
I N S G

o=
.

O D D
Lot

| T e R )
[

0o b

o

EU N

Ea |
-1
e

b
1

L98]
C743
L7817
£883
[82]
[91]

L.d

USAGE FACTORS OF EQUIPMENT

Clearing

.04

Construction Phase

Excavation

1.002)
.16

1.0(2)
. 04

Foundation

1.0(2)

A

.04

L0l
.04
1.0(2)

L04(03)

1

L

frection

.0(2)

.08

.16
L16(2)

.04

L16(2)

0(3)

Finishing

A2
.04
.16
.08
L0
.04
Lol(2)

L0L(2)

.005

.16

* Numbers in parentheses represent average number of items in use,

if that number 1is greater than one.

very rare usage,

Blanks indicate zero or

T Numbers in brackets L ] represent average noise levels [db(A)]

at 50 ft.
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TABLE A-2c.
IN INDUSTRIAL CONSTRUCTION#*

EquipmentT

Air Compressor .

Backhoe
Concrete Mixer

Concrete Pump

Concrete Vibrator

Crane, Derrick
Crane, Mobile
Dozer
Generator
Grader

Jack Hammer
Lozader

Paver

Pile Driver
Pneumatic Tool
Pump

Rock Drill
Roller

Saw

Scraper

Shovel

Truck

[81]
[85]
(851
1821
£761
[88]
[83]
[80]
L7831
[85]
L88]
£791
[89]
£101]
1857
(761
(98]
C7h3
(78]
[88]
[82]
[91]

Clearing

o
I

.04

.05

.16

.14

.16(2)

USAGE FACTORS OF EQUIPMENT

Construction Phase

Excavation

b=
O
[oaY

.04

.2
.16(2)

Foundation

g

I

.04

.0k
oL
1.0(2)

.0l(2)

Erection

=

.04
.08

.0l

.1(3)

12

Finishing

4=

.04

. b

.08

.02
.04
. Ol

.02

. Ol

. 04

LOU(2)

.05

.08

.06
.16

¥ Numbers in parentheses represent average number of items in use,

if that number is greater than one.
very rare usage.

T Numbers in brackets [ 2}

at 50 ft.

A-T7
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TABLE A-2d.
IN PUBLIC WORKS CONSTRUCTION¥

EquipmentT

 Air Compressor
Backhoe
Concrete Mixer
Concrete Pump

Concrete Vibrator

Crane, Derrick
Crane, Mobile
Dozer
Generator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Prneumatic Tool
Pump

Rock Drill
Roller

Saw

Scraper

Shovel

Truck

[81]
[853
[85]
[82]
£76]
[88]
(831
[80]
L78]
£85]
L88]
[79]
[89]
[101]
(851
£76]
[98]
L7483
[783
[88]
[82]
£91]

Construction Phase

[ ==y
Q
o -
= -
o o
L~ >
[1+] fisd
[+3] L
Ll =
L] Ll
1.0(2)
.04 L4
G.1
e A
1.0(2) JA(2)
,08
.04 LU
JH02)
.04
.08
.04 !
L16(2) .16

1.

USAGE FACTORS OF EQUIPMENT

Foundation

iy

L16(2)

.04

JA(2)

LOb(2)
a(2)

.01
L04(2)
.2

.04

JAc2)

Erection

4=

LAc2)

.04
.16

.
g

.0l

.08

Finishing

.16
LA(2)
.08
L1(2)
.16

. 04

.08

.04
.16(2)

¥ Numbers iIn parentheses represent average number of items in use,

if that number is greater than ocne.
very rare usage.

Blanks indicate zero or

T Numbers in brackets [ ] represent average noise levels [db{(4)]

at 50 ft.
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pressure, but also enough about 1ts time-variation so that one can
determine its standard deviation. In addition, the packground
noise levels enter in the evaluatiocn of both of these guantities.
Accordingly, representative background noise levels were selected
as 50 dB{A) for residential, suburban, and rural sites and 70 dB(A)
for commercial and industrial (urban) sites, on the basis of data
for variocus U.S3. and forelgn locations [7].

Representative time-variations of nolse were generated by
dividing each construction phase into 50 equal time intervals.
The start (or "turn-on") times for each individual item listed in
Table A-2 were determined at randem (by means of a computer
random number generator), and the fracticnal "on-time" duration
for each ifem was taken as its usage factor (Table A-2). From the
neise level for each item of equipment, the total noise level in
each time interval was then calculated, and from this ensemble of
values the desired average and standard deviations were evaluated.
For test purposes, the calculations for several sites/phases were
repeated several times, with different randomly selected start
times; the resulting NPL values were always found te lie within a
3 dB{4A) interval. Although such repetitive calculatlions were not
carried ocut for all sites/phases, the reported site NPL values may
be considered as wvalid within 2 dB(A).

A.2 Appliances

In the followlng secticons, brief discussions are presented
of appliances not covered in the body of the report. We measured
the noise levels of many of these appliances; these measurements
are presented here.as 1/3-cctave band sound pressure data.
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A.2.1 Can opener, electric

Noise of electric can cpeners is generated by the reducing
gears, the electric motor, and the grating of the clamp against
the moving lip of the can. Additiocnal noise is radiated from the
plastic or metal panels of the unit. Can openers are usually
mounted on small rubber feet which partially isolate the vibration
from the work surface; however, wall mounting of the opener can
short-circuit this isolation. The A-weighted sound level at a
dlstance of 3 ft was measured for seven electric can openers; the
mean level was 66 dAB(A).

Figure A.9 shows 1/3-octave band plots of the sound pressure
ievels measured at a distance of 3 ft for two different can openers,
The peaks at 63 and 125 Hz are probably motor-induced while the
higher frequency peaks are probably related to the number of teeth

in the reducing gears.

A.2.2 Clothes dryer

Clothes dryers are relatively guiet appliances which consist
c¢f a rotating drum within a metal enclosure; heat is supplied by
elther electric coils or a gas flame. The constant noise of the
motor and the rumble of the drum, plus the combustion roar in a gas
dryer, are punctuated by the noise of buttons or zippers lIlmpacting
Wwith the metal chamber. A range of sound levels from 51 dB{(A) to
66 dB(A), with a mean level of 58 dB(A), was measured at a distance
of 3 ft for eleven gas and electric dryers. Figure A.10 shows
1/3-octave band sound pressure level data for five different dryers.



A.2.3 Clothes washer

The noise generating components of clothes washers lnclude:

* water noise during the filling, agitation, and spinning

cycles

« unbalanced loads, which cause excessive vibration to be

transmitted into piping and floor

- motor

* pump
Figure A.11 presents the noise levels for the wash cycle of
five different machines; Fig. A.1l2 shows nolise levels for the spin
cycle of four of these five machines. The peaks in the low-
frequency bands probably represent motor-induced noise while those
in the mid-frequency bands may be related to spinning of the tub.

A,2.4 Coffee mill

A coffee mill consists of a grinding mechanism that is driven
by a motor to produce fine to coarse ground coffee. Motor-induced
nolse is radiated from the casing and the coffee bean enclosure.
Rubber feet are previded for vibration isolation., Measurements
were made at a 3 ft distance on two coffee mills: the two sound
levels were 75 dB(A) and 78 dB(A),

A.2.5 Dehumidifier

In a home humidifier, a small fan draws air acrcss condensing
colls, collecting the meisture in a removable pan, Noise measure-
ments were made of four dehumidifiers; the noise varied from
52 dB(A) to 62 4B(A).
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Figure A.13 present 1/3-octave vand data for the quietest of
these units., The brocad peak in the vicinity of 120 Hz is motor
induced; mid-frequency noise is dominated by the fan. Although
compressors may be vibration isolated, the casing of a unit is

likely an important radiator.

A.2.6 Edger and trimmer

An edger and trimmer consists of a high-speed motor directly
driving a two-bladed knife. This lawn tool is used to trim the
grass along walkways and the brush along garden paths.

Figure A.14 presents 1l/3-occtave hand data on one unit; the
sound level was 81 4dB(A). The peaks in the frequency spectrum
seem tc be the lst, 2nrnd, 3rd, 6th, and 20th harmonics of 400 Hz.
it 1s anticipated that narrower band analysis would reveal more
tonal components that are related to the blade passage of the

cutting edge.

A.2.7 Fan

There are three general categories of fans found in the home:

window fans, floor fans, and stove hood and bathroom exhaust fans.

*+ Window fans are usually standardized to a li-in. or 22-in.
size (l2-in. and 20-in. diameter blades respectively).
Features con deluxe models include thermostatic control and
reversible direction of air flow. Twelve ncise measurements
of window fans ranged from 47 dB(A) to 66 dB(A); the mean was
57 dB(A)., Low-speed to high-speed mean values showed a spread
of 17 d&B(A).
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Figure A.15 presents 1/3-octave band noise measurements for
three window fans for both low and high speed. The tonal compo-
nents are likely related to the blade passage freqguency of the
fan, the motor, the blade tip velocity, and the blade design.

* Floor fans or table fans usually consist of a base, a small
electric motor, and a blade with protective cage. They often
rotate back and forth to spread air movement around an arc
of 50° or sc and are usually designed to run at various
operating speeds. Twenty-two measurements at a 3 ft distance
yielded a range of sound levels from 38 dB(A) to 67 &B(A);
the mean level was 54 dB(A).

Figure A.l6 presents 1/3-octave band data for three floor fans
for both low and high speed. The noise sources are very similar

to theose of window fans.

+ Stove hood exhaust fans and bathroom exhausts are typically
small axisl flow fans mounted directly above the stove to
exhaust cooking odors or in the bathroom ceiling to exhaust
hot air. The mean dB(A) level of ten measurements at a
3 ft distance was 63 dB(Aa).

Figure A.17 presents narrowband data for four speeds for one
particular stove hcod exhaust fan. Again, the tones are related
to motor nolse and blade passage fan noise, Through the use of
appropriate lining 1t should be possible to reduce the noise of
stove hoecd exhaust fans and bathroom exhaust fans by up to 15 dB(A).



A.2.8 Food blender

The electrical motor controi system on food blenders is de-
Signed to drive the cutting blades (located at the bottom of a
removable container} at a wide range of speeds in order to perform
various food blending tasks. Speed control may be achieved by
using a variable-speed motor or solid state electronic networks.
The primary sources of noise are the motor, the whirling of the
blades causing radiated noise, structureborne noise, and agitating
neise of the fluid. From measurements of the nolse generated by
foreign and domestic food blenders, the sound level ranged from
62 to 88 dB(A) with a mean level of 75 dB(A). The container was
half full of water during most of these measurements. Figure A.18
presents a series of narrowband measurements representing the noise
levels generated by one food blender running at each of nine dif-
ferent speeds. The peaks in the spectrum shift upward in frequency
with increased speed, suggesting a dependence on the blade passasge
frequency of the cutting edges. Figure A.19 shows the variation
in noise level for a maximum speed setting for five food blenders

of different manufacture,

A.2.9 Food mixer

Food mixers are available in both portable and table model
styles. Portable mixers are lightweight versions of table models —
they have no base put consist of the same basic mechanisms: a
set of beaters and a variasble-speed motor or a single-~speed motor
with reductiocon gears. Twenty-five sound level measurements were
made at a 3 ft distance on domestic and forelgn, portable and
fable model food mixers. The mixer was operated in a bowl half-
full of water for most of the measurements. The gound level ranged
from 49 dB(A) to 79 &B(A) wilth a mean level of 67 dB(A). Figure
A.20 shows narrowband analysis of mixer noise at low speed and at

high speed.
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A.2.10 Freezer

The mechanical components of a freezer are a CcOmpressor,
evaporative coils, condensing coils, and one or two fans, as in
a refrigerateor. Small freezers have the condensing coils spread
over the back of the machine. On larger units, with their require-
ment fer forced cocoling, the condenser colls are grouped at the
vottom and cooled by a fan that also cools the compressor. With
the compressor in operation, the sound levels generated by three
nome freezers were measured; the mean level was 41 dB(A) with a
range of 39 to 45 dB(A) at a 3-ft distance. Figure A.21 shows
narrowband data for two of the three freezers. The primary noise
generators are the motor, fans, and compressor, with some radiation

from the casing.

A.2.11 Hair clipper

A measurement of the nolse generated by a hair clipper was
made at a distance of 3 ft; the sound level was 59 dB(A). The
noise is generated by the motor and gears which enable the clipping
tlades to vibrate.

A.2.12 Hair dryer

Different models of hair dryers all share the design ob-
jective of forcing warmed air over wet hair. Table models have
a hard-shelled enclosure 1ike that of a professional halrdressers
machine. Portable dryers have plastic bonnets connected to the
fan and heater by a flexible hose. Noise 1s generated by the
fan, motor and air flow. A faster drying rate is achieved by
greater air flow and higher temperatures; this, however, means
inereased noise from the fan. The latest development cf a
totally portable unlt — with motor and blower attached directly
to the bonnet — is the noisiest arrangement because 1t puts
the noise source directly by the ear of the user. 3ix hair
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dryers were measured at a 3-ft distance; the mean level was

61 dB(A). Figure A.22 shows 1/3-cctave band sound pressure
levels measured at a distance of 3 ft from three units. The
low-frequency tonal components are probably motor related, while
the high-frequency peaks may relate to the blade passage of the
blower,

A.2.13 Heater, electric

Electric heaters used to heat a single room typlcally have
small single-speed fans that blow air past electric coils intoc the
rocm. The noise generated by these heaters 1s due to the electric
motors, the fans, air flow, and, often, rattling metallic parts.

A noise'level of 47 dB(A) was measured at 3 ft from an electric

heater.

A,2.14 Hedge clippers

The noise of hedge clippers, in which an electric motor runs
orne or two cutter bars, 1s mainly generated by the motor and recip-
rocating gear actlon, On some models, one bar moves back and
forth against a stationary bar; on other models, two cutters recip-
rocate. Since the latter 1is a more balanced action, vibration to
the user 1s reduced. We measured a noise level of 84 AB(A) at
3 ft from one unit.

A.2.15 Home shop tools

Electrically-powered shop tools such as drills, saws, sanders,
grinders, lathes, and routers have similar nolse generating mecha-
nisms. In general, portable shop tools, due to¢ their requirement
to be lightwelght and high-powered, reguire forced cooling of the
motor and use high-speed universal motors which are often noilsy
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even when running free. Table model shop tools generally use
induction motors which are relatively low speed and quiet when
running free.

The portable straight-line or vibration sander is relatively
quiet when running free [63 dB(A) at 3 ft] because it has a lower
power requirement than most power tools and requires no forced
cocoling. Figure A.23 shows narrcwband data for two operations
of a belt sander: running free [82 dB(A)] and sanding wood
[86 dB(A)]. The primary noise 1s the vibrating action of the
sander foot.

In drills the gears add to the nolse — the more sets of gears
required, the noisier the operaticn. The nolse generated by four
1/bein. drills with a single set of gears measured 76 to 80 daB(4),
the noise of two 3/8-in. drills with two sets of gears measured
83 dB(A), and the noise of two 1/2-in. drills with three sets of
gears measured 84 and 87 dB(A). Filgure A.24 presents noise levels
measured near a 1/4-in., a 3/8-in., and a 1/2-in. drill; the peaks
in the spectrum are probably related to the speed and the teeth
ratios of the gears. Filgure A.25 presents narrowband data on {wo
different drill presses, one working metal, the other wood,

Noise levels generated by three different grinders working
metal [87 to 97 4B(A)] are shown in Fig. A.26. In Fig. A.2T7 the
noise levels generated by a router running free [81 dB(A)] are
compared with the levels when it is working wecod [88 dB(A)J.

Noise levels of a small metal lathe are shown in Fig. A.28 for a
running free condition and for cutting metal. Figure A.29 shows
the narrowband data for a sabre saw running free and cutting wood.
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Noise levels associated with the cutting of wood by a jig saw, a
radial saw, a table saw, and a band saw are shown in Fig. A.30.
The tone at 3150 Hz for the table saw may correspond to the fre-
quency of teeth passing a given point ra].

Tools such as a table grinder, lathe, table jig saw, and table
band saw generate noise levels in the mid-sixty to mid-seventy
dB(A) range at a 3-ft distance while running free. The larger
portable tools especially drills and grinders, generate nolse
levels of 80 to over 90 dB(A) running free.

A.2.16 Humidifier

Room size humidifiers are relatively simple mechanical devices
in which a fan forces air through a wetted pad., Humidifiers ex-
emplify the recurring noise problem from air circulation caused by
fan, motor, and air movement noise, Figure A.31 shows narrowband
data — 41, 51, and 65 dB(A) — for three settings of one humidifier.
The higher levels are associated with higher fan speeds and thereby

increased flow noise.

A.2.17 Knife, electric

For easy handling in the home, electric knives are designed
to be small and lightweight., Therefore, the electric motor ang
gears for reciprocating blade action are encasged in lightweight
plastiec., While the noise of an electric knife [with a range of
65 to 75 dB(4) and a mean level of 70 &B(A) at 3 ft] can be annoy-
ing, it also acts as a signal that the knife is in operation.
Figure A.32 shows narrowband data for two of the three samples.
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A.2.18 Knife sharpener

Electric knife sharpeners are often attached to electric can
openers as well as being separate appliances. The rotation of
sharpening stones alone is very guiet since just the motor and
shaft rotate; however, the interaction between the stone and the
¥nife during the sharpening process makes an unavoidable grating
noise. A single measurement was made at a 3-ft distance; while
the noise levels vary depending on the pressure of the knife
against the stoqe, 72 dB{A) is representative of a typical

sharpening operation.

A.2.19 Lawn mower, electric

The gears and the A.C. or battery powered engilne of the rotary
type electric lawn mower are the main sources of noise., The rattl-
ing of the engine housing and other metal parts plus the whirling
sound of the blade are also identifiable. Although an electric
lawn mowey is often quieter than a gasoline-powered lawn nower,
trne two electric ones that were measured registered 81 and 89 dB(A)
at a 3-ft distance. The larger the lawn mower, the more powerful
an engine is needed to rotate the blade, and thus the noisler the
device. Certain possibilities appear feasible for quieting the
electric lawn mower such as changes in blade design and speed
to reduce vortex noise, tighter construction of the tool, and
sound damping for the motor housing and blade covering.

A.2.20 O0ral lavage

An oral lavage is a device that uses the squirting force of
water to cleanse the mouth. ‘The motor drives a reciprocating pump,
connected to a water supply, which forces a tiny stream of water
out the end of a tube. Two measurements gave values of T0 and

72 AB(A).



A.2.21 Refrigerator

The majority of the refrigerators sold today are automatically
defrosting. Cooling coils are located outside the freezer storage
area and cold air is circulated through the freezer unit by a fan.
The automatic defrost mechanism periodically melts the ice which
forms on the coils. The trend in recent years has been to larger
refrigerators with features such as automatic ice cube tray fili-
ing, ice cube making, and defrosting. Refrigerators with such
features require more power and thus larger compressors with result-
ing higher noise levels. Better sound isolation around the
machinery compartment, sound absorbing material in the machinery
compartment, and resilient mounting of the motor and compressor
have prevented the nocise of the newer machines from greatly increas-
ing. Twelve refrigerators were measured at a distance of 3 ft
from the front. The levels ranged from 35 dB{A) to 52 4B(A) with
a mean level of 42 dB{A). Figure A.33 presents narrowband data

for two refrigerators.

A.2.22 Sewing machine

Sewing machines from the simplest to the most sophisticated
and complex ones all have variable-speed electric motors, necessary
gear and drive mechanisms, and auxiliary accessories. There is a
wide range of controls available such as stitch tension, variable
stitch length and width, zig-zag stitching, forward-reverse action,
needle orientation, etc. The more versatile sewing machines have
insertable cams which can be changed for different stitching pat-
terns. Measurements on two sewing machines in opefétion gave
values of 70 dB(A) and 74 dB(A) measured 3 ft from the machine.
Figure A.3Y4 shows narrowband data for these two machines.



Possible noise control measures are to reduce nceise from the motor,
linkages, gears, and clutch by use of different materials and more
effective enclosures, Resilient mounting of vibrating parts to

reduce structureborne vibration noise is presently used.

A.2.23 Shaver, electric

Electric shavers are run by a compact but powerful electric
motor, powered from house current or a rechargeable battery. While
shaving mechanisms may vary — using either rotary blades or oscil-
latory cutting action — the noise 1s generated by the motor and
gears., The mean sound level for men's and women's shavers was
60 dB(A) at a 3 ft distance; the range was 47 to 69 dB(A). Figure
A.35 shows narrowband data for four men's shavers and Fig. A.36

presents data for two women's shavers.

A.2.24 Toothbrush, electric

A all, lightweight high-speed motor run by either A.C. power
cr reche- geable patteries drives the detachable toothbrush. The
less expensive models allow rotation in only one plane perpendicu-
lar to the axis of the tcothbrush. With additional gearing, the
more expensive models simultaneously rotate and move laterally to

provide better cleaning action.

The main noise sources of an electric toothbrush are the motor
and the gears. Typically, the devices with more gears are nolsier.
The mean sound level of three different electric toothbrushes at a
3 £t distance in bathrooms was 52 dB(A) with a range of 48 to
55 gB(A). At the user distance of about 3 in. from the device,
the sound level is about 10 dB(A) higher. Figure A.37 shows
narrowband data for an electric toothbrush.
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Pue to the overriding requirements for small size and light
welght, noise contrel techniques such as improving the sound trans-
mission loss of the casing or adding sound absorptive material are
impractical. The most promising noise reduction possibilities will
likely come from the development of quieter gear operations through
the use of different materials or through designing the gears with
closer tolerances or a different configuration.

A.2.25 Water faucets

Noise from water faucets includes water hammer, turbulence
and cavitation noise. For particular values of pressure drop, a
valve can be designed to minimige cavitation and 1ts resulting
noise; however, no valve configuration has been developed to
minimize the ncise for the full range of pressures that a valve
experiences. The measured sound level at a distance of 3 ft for
two water faucets was 61 dB(A). If die-~casted brass fittings could
replace sand~casted ones, there would be a smoother interior finish
which would result in less turbulent flow and guieter operation.

A.3 Typical Equipment in Buildings

Many different types of electrical and mechanical eguipment
are required for the proper operation of modern large bulldings.
Much of this equipment is hidden in equipment rooms, behind ceil-
ings, in walls, or‘behind cabinet type exterior enclosures, but the
total cost and volume associated with such eguipment represents a
significant part of the cost and utility of a successful builiding.
The majority of the equipment (including most of the basic heating
and cocling system components) is for supplying the building occu-
pants with a suiltable amount of air at a comfortable temperature
and moisture content. In addition, pumping and piping systems are
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used for water and fluid circulation, elevators and escalators are
used for movement of persons, and various conveyance systems are
used for movement of material. In this section, the use and func-
tion of building equipment are briefly described. Where available,
typical nolse levels are presented for the equipment. For detailed
information and procedures, the reader is referred to Refs. 9, 1G,
11, and 12 at the end of this Appendix.

A.3.1 Prime movers

The function of prime movers is to transform energy — in the
form of electric power or combustible fuel — into rotational move=-

ment for use in driving other equipment.

Electric Motors are the most widely used of the crime
mover devices. They range in capacity from fractional hp
up to several thousand hp; most motors fall in the speed range
of about 450-360C rem. Fotor noiss iz gmenerated by aerodynamic,
mechanical, and electrical forces. Aerodynamic noise, often the
most prominent noise source, is generated by air turbulence due to
movement of the blades of the ceceling fan and the slots in the
rotor. Recent designs have used higher cooling air velocities,

thereby increasing the noise level.

Mechanical noise is due to bearings and shaft unbalance. Al-
though mechanical ncise can be identified in rotating machinery,
low-frequency vibration ratner than noise per se is the usual
problem. Bearing noise 1s due to the sliding contact of sleeve
bearings and the rolling contact of ball and rolier bearings. When
new, precislon ball bearings are often quieter than sleeve bearings;
however, after much use, they are much noisier. In new equipment,
unbalance forces are usually small. Wear or build-up of dirt on
the rotating component often increases the unbalance in a motor,
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resulting in the generation of vibration at the rotational f{re-
quency and its integral multiples; e.g., since the shaft of a

3600 rpm motor turns at 3600 rpm + 60 %%% = 60 g%%,
concentrated at 60, 120, 180 Hz, etc., with the 60-Hz component

being the strongest.

energy wlll be

Electrical nolse is generated by magnetostriction - where a
component {(iron laminations)} contracts and expands in response to
an alternating magnetic field. Such effects are particularly
noticeable when D.C. or variasble-speed motors are supplied recti-
fied A.C. current. The wave-form of the rectified current contains
nigh~fregquency components that generate noise in the more audible
freguency ranges. The primary excitation frequency for magnetom-
striction is twice the main power frequency, e.g., in the U3A,

2 % 60 Hz or 120 Hz.

In the past, motor noise was generally less than the neise
produced by the driven component. However, motors designed for
high-temperature rises or powered by rectified current may now be
the controlling noise sources, Even in the case of relatively
quiet motors, motor noise often becomes predominant when the driven
compeonent is quieted. Figure A.38 presents a range of noise levels
typlcal of a 3 £t measurement position for the many different silzes
of motors used in buildings.

Diesel and Natural or LP (Liquified Propane) Gas Internal
Combustion Engines are sometimes used when special conditlons make
them economically feasible. They are often used in emergency power
systems, Iln total energy systems, and for driving large machines
such as chlllers, Noilse generated by internal combustion engines
consists of contributions from the intake and the exhaust and
radlation from the casing. Although improperly muffled exhaust
may be a scurce of community concern, the intake and radiation from
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the casing are typically greater problems for buildings and con-
siderable detail must be glven to controlling the noise. Figure
A.39 shows a range of ncise levels measured at 3 ft from internal

combustion engines found in builldings.

Gas Turbines are used almost exclusively in emergency power
and "total energy" systems. A total energy system makes use of
the fact that only about 20-30% of the heat energy of most fuels
can be turned into mechanical power; the rest is rejected in
the form of heat to ccoling water and exhaust gases., A total
energy system salvages some of the energy which is usually lost
and uses it to heat water, etc. The advantages of turbines
over equivalent internal combustion engines are their light weight,
smaller size, and lower vibration, which can be governing factors
for upper story installations. Figure A.40 presents noise levels

representative of the noise generated by gas turbines.

Steam Turbines are sometimes used as high horsepower (over
50 hp) prime movers when high-pressure steam is available as s
pubic utility service, Figure A.41 shows the range of noise levels
typically found near steam turbines.

Trans formers, although their function differs from that of
the prime movers listed above, supply primary electrical input
power; their output is an altered form of electrical power (higher
amperage and lower voltage) rather thah motion. The use of trans-
formers permits large amounts of electrical energy to be supplied
tc a building with relatively small supply cables. Noise generated
by transformers is due primarily to the magetostrictive effect in
the transformer cores. Thus, the noise consists of a harmonic
series of component %fones with a fundamental freqguency equal to



twice the main power frequency. The range of nolse levels gener-
ated by transformers typically housed in bulldings 1s presented
in Fig. A.42.

Generators or Convertors are used to produce local electricity
in emergencies when electrical power is unavailable from outside
sources, to produce direct current electricity, or to convert
power from one frequency to another. The noise generating charac-
teristics and noise levels of generators are similar to those of

electrical motors.

A,3.2 Fluid handling units

Pumps may be the common centrifugal type that uses an elec-

tric motor drive, or the diaphragm or piston or gear-rotor types

«t

hat are positive displacement units. Many of the pumps in a
building are part of the overall alr-conditioning system. They
convey water to and from ccoling towers, chillers, boilers, and
coil decks in airconditicners, humidifiers, unit heaters, unit
ventilators, and induction units. Pumps may also be used tc supply
fuel oil to boilers, domestic water to upper floors, emergency
fire-fighting water, hot water for various uses such as convectors,
ice melting, radiant heating, etc., and for sewerage ejection Irom

low levels,

Noise problems due to pumps are usually caused by mechanical

. forces and turbulence, Noise is radiated by the casing of the

pump and associated piping. In order to prevent the tonal compo-
nents at the impeller passage frequency (the impeller speed in
revolutions per second multiplied by the number of impellers) from
being detectable at remote locations, a vibration break of flexible
connections in the piping i1s sometimes provided. However, sound
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energy in the fluid may flank this flexible connection so that the
pipe walls are excited downstream of the pipe break. Figure A.43
shows a range of noise levels typical of many pumps used in build-

ings.

Steam Valves may be used either to control volume flow or to
reduce the pressure from the main supply system, A steam valve,
like any valve, i1s noislest when there is a large pressure dilffer-
entlal between the upstream and downstream of the vaive. A typical
spectrum for steam valve noise is presented in Fig. A.44.

A.3.3 Air handling

Fane are the driving mechanism for moving air about a build-
ing. Propeller-type fans may be used to distribute large quanti-
ties of alir at little pressure drop acroess the fan; centrifugal
and axial-flow type fans may build up relatively large static
pressures in an alr handling system and thus are used mostly
in ducted ventilation systems in large buildings. In a duected
gystem, the air will tend to flow toward regions of lesser
static pressure, eventually to be released at ambient pressure

in the building proper.

Fan noise is generated by mechanical and aercdynamic sources.
Bearings and unbalanced shafts are the primary mechanical sources;
with proper construction and maintenance, fan noise from these
sources can be minimized. Aerodynamic noise may be divided into
components due to rotation and due to vortex shedding. Since an
impluse is imparted to the air each time a fan blade passes a gilven
point, the rotational component consists of a series of tones at
multiples of the blade passage freguency (rotational speed in
revolutions per second times the number of blades). The vortex



component 1is primarily the result of the shedding of vortices
from the fan blades; it is an example of broadband random noilse.
Depending upon the type, size, and geometry of a particular fan,
the total nolse generated will have varying contributions from

vortex and rotational noise,

The horsepower, volume flow, and static pressure, and thus
the mechanical efficlency, are important indicators of the noise
that will be generated by a particular type of fan. Figure A.45
shows estimated levels for a range of fans utilized in buildings.
The nolse problems that do occur are usually due to elither a
failure by the mechanical or acoustical system designer to consider
an important source or path, or a fallure of the bullder to in-
corporate properly the designed nolse contrcl features in the

building.

4ir Control Units and Mixing Boxes comprise a family of
supply air control and Treatment devices that provide azir at the
proper velume, pressure, and temperature to a room. These devices
incliude: constant volume control {(CVCs), terminal reheat units
(TRs), variable volume controls (VVCs), and dual duct mixing boxes.
Their function, in many instances, 1s analogous to steam valves —
they take air which has passed thrcough a small duct at high
veloeity and pressure and reduce its pressure and contrel its
volume flow, A constant volume contrcl takes in air at varying
pressure (caused by changing demands elsewhere in the system) and
discharges a constant volume of air at a constant pressure. A4
terminal reheat unit adds the capability of heating the air by
passing it over an electric cr hot water c¢coil before it is dis-
charged, A varilable volume control meters out an amount of heat-
ing or coollng air as demanded by a local thermostat and reduces
the static pressure of the air to obtain the desired vclume. Each
of these units is usually located toward the end of supply ducts



near the space it serves. Noise generated by air control units
and mixing boxes is a function of the pressure drop across the
device and the volume of air flow. Figure A.lU6 presents a range
of noise levels typical of a 3 ft distance from these units.

Diffusers, Grilles, Registers, and Louvers. After a supply
of air at the correct pressure, femperature, and volume has been
provided to the vicinity of a room, i1t must be introduced and
distributed into the room without causing drafts. Portions of the
air should be directed toward windows and other exterior surfaces
that are too cold in the winter and too hot in the summer, while
a2ll the air should be distributed so as to provide ventilation to
all parts of the space. This is done with various diffusing or
direction-controlling devices, usually fabricated from sheet metal,
censisting of fins, blades, vanes, etec., that are located at the
end of the duct. Perforated grilles, registers, or other similar
devices are used to receive the air to be returned to the distri-
pution system. The noise generated by terminal devices, such as
diffusers, is dependent on the pressure drop across the device,
the volume of air flow, the cross-sectional area, and the spacing
between vanes. Figure A.47 illustrates the range of noise levels
rossible with various diffusers, grilles, etec.

Air Compressors are the source of high-pressure air which is
used by many large buildings as an energy source for pneumatic
control devices throughout the ventilation system. Such controllers
include fresh air intake dampers, zone control dampers, induction
units, unit ventilators, mixing valves in mixing boxes, and control
valves in CVC and VVC units. The high-pressure air provided by
the compressor must be piped throughout the bullding, first to
thermostats and then to the pneumatic operators. Buildings which
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have laboratory or workshop facilities usually supply compressed
air to those spaces, Alr compressors are most often of the piston
type and, depending upon the size of the unit, the reciprocating
action of this type of compresscr may make satisfactory vibration
isolation difficult. Figure A.48 is an example of necise levels

generated by reclprocating compressors.

A.3.4 Airconditioners

The usual functions of an airconditioner are to filter par-
ticulate matter and odors from the alr, to regulate alr tempera-
ture and humidity, and to propel the conditioned air fo itfs destli-
nation. The fan in the zirconditioner serves two pUrpcses:

1) to move the air through the filters and heating and ccoling
coils, and 2) to provide enough static pressure to push the air
throughout the duct system fo the desired spaces. The heating and
cooling coils are ligquid-to-air heat exchangers, recelving warm or
cold water or refrigerant from other machines and transferring

warmth to or from the air carried past them.

Central Station. Strictly speaking, "central station” refers
to the entire collection of equipment that has a part in condition-
ing the air that is ultimately distributed to the building. In its
more limited use here, "central station” refers to the fan plenum
equipment of the airconditioner. The eguipment includes controllers
and filters on the inlet side and heating and cooling coils, and
temperature controllers and, possibly, zone contrellers on the
discharge side. The cooling colils act as dehumidifiers in that
warm, molsture-laden air condenses on them, Occasionally, a humid-
ifier is incorporated to add humidity for speclal needs. Central
station units are most common in large multistory buildings. The
size of a particular unit will depend upon the service that it 1s
supplying. Nolse levels for units typically found in buildings
are presented in Fig. A.49.
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Unitary Rooftop Units are usually found on one- or two-story
bulidings. They perform the same function as the larger central
station units but de not rely on other machines to provide‘hot or
cold fluid to their heating and cooling coills; in other words,
these units include their own compressors, condensers, etc. In a
large one-story building or building complex, this can represent
a savings on the heating and cocling water piping which would be
needed 1f the units were dependent on other machines. Figure A.50
presents noise levels measured near both small {(the lower curve)

and large units.

Unittary Split System Units are usually found in small build-
ings, They are almost identical in function to rooftop units, but
they are located on occupied floors in the building. Thus, a
remote heat exchanger (either a condenser or cooling tower) must
be provided to reject waste heat when the units are cooling. The
refrigerant compressor may be located remote from the unit together

with the condenser.

Fan (Coil Units are rather like miniature central staticn air-
conditioners in that fhey draw in fresh air and rely on cutside
sources for hot water, cold water, or steam for their heating and
cooling coils. They are small units, usually enclosed within a
cabinet and placed under or near windows. Some units, rather than
relying on hot water, use electric heating coils. Typical noise
levels for fan coil units are presented in Fig. A.51.

Induction Units are similar in appearance and location to fan
coll units but receive air from a central station unit at a rather
high pressure, 1 to 4-in. static pressure, as compared to less
than l-in. operating statlc pressure for unit ventilators. This
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air is used to induce circulation of the recom air. Such unilts
are also provided with heating and cooling coils to temper the
air which they recelve from the central supply. A range of
nclse levels for typical induction units are shown in Fig. A-52.

Humidifiers, Dehumidifiers, Heaters and Furnaces, although
grouped under the heading of air conditioners, have only one

function: to increase or decrease humidity, or to heat.

 Humidifiers are of two general types: 1) those that add
steam to the air, and 2; those that blow the air through
or over moist surfaces to add water to the air. Both
f{ypes can be built into ductwork or can stand alone to
serve a particular space. The steam type consists of a
steam nozzle, a control valve, and pessibly a fan. The
moist surface type conslsts of a fan (if not located in
ductwork), a water pump, and a moving porous belt or disk
which passes through the water and then through the moving

air.

+  Dehumidifiers, if required, may be located 1n the ductwork
where air flow is provided by the system fan. The primary
element 1s a cooling coil which condenses moisture out of
the passing air. In such an installation, a heating coil
may be provided to temper the excessively cooled air that
leaves the cooling coil. A self-contained unit will include
a fan but usually not a heatihg coil.,

Unit Heaters consist of a remote fan and heating coil,
which may be either electric or mechanical, and receive

hot water or steam from an external source, Such units

are often used In little-occupied spaces such as mechanical

equipment rooms, storage spaces, garages, stalrways, ete.

A-32



*  Warm Ailr Furnaces burn gaseous or oil fuel and use an
integral air-to-air heat exchanger to heat the air. They
usually have twc built-in-fans, one to circulate the air,
the other to provide air for combustion. They are often
used in small builildings which do not have access to large

guantities of hot water or steam.

A.3.5 Boilers

For supplying warm air to a bullding, most alr conditioning
systems use hot water or steam supplied by a boiler that may e
located either nearby or remote from the bullding. (In %fotal
energy systems, waste heat from the engines may be captured to
heat water in place of or in addition to a boiler.) Bollers
heat water or generate steam by burning a fuel and passing the
water through or around the fire in a gas-to-ligquid heat exchanger.
There are two principal types of boilers: water tube and fire
tube. In the water tube boiler the ftubes are filled with water
and pass through the fire. In the fire tube boiler, the boiler
is filled with water and combustion takes place in tubes that
pass through the water. Steam boilers are usually of the water
tube type, while hot water bollers may be elther type. Figure A-53
shows a range of noise levels typical of boiler operations; fire
tube boilers are represented by the upper part of this range and
water tube boilers by the lower parts. Gas-fired burners 1in

noilers are much gquieter than oll-fired burners.

A.3.6 Refrigeration machines or chillers

Refrigeration machines or chlllers use various metheds fto
remove heat from water supplied to cooling coils (the "chilled
water") and transfer that heat to other water for eventual

rejection.
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Absorption/Cycle Machines use heat energy and a salt solu-
tion to transfer heat from the chilled water system to the reject
heat system. The machine is composed of tanks, condensers, evapo-
rators, heat exchangers, pumps, and controls. On a per ton
capacity basis, they are larger than vapor compression cycle
machines. Figure A~54 presents noise levels typical of these

machines for bulilding use.

Vapor Compression Cycle Machines, which are commonly called
chillers, use a compressor to compress the refrigerant; the re-
sulting hot compressed gas passes through a condenser where it
is cooled and changed to a li@uid. The refrigerant is then allowed
te expand, further cocling it. The "chilled water" is then passed
through a heat exchanger with the cocled gas and is cooled. The
resulting heated refrigerant i1s again compressed and the cycle
repeated. Chillers use various types of compressors: the posi-
tive displacement (piston and rotary screw) and the centrifugal
types; noise levels representative of these types are presented

in Figs. A-5%, A-56, and A-57 respectively.

Small Hermetiec Refrigerant Compressors are used in small
alrconditioners in conjunction with integral or remote air-cooled
condensers., Thege units function exactly the same as the com-
pressors in vapor compression cycle machines except that the
refrigerant is cooled in an air-cooled condenser rather than by
a reject-heat water-circult condenser.

A.3.7 Heat rejectors

In most refrigeration machines, rejected heat is transferred
to water, which may be used once, e.g., river water, or repeatedly,
in which case 1t musft be cooled for re-use, Cooling towers,

spray ponds, and alr-coocled condensers are used to cocl the water,
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Cooling Towers receive large volumes of warm (typically 85°
to 75°F) water and cool 1t a few degrees., In the process, the
incoming warm water is sprayed onfo the cooling tower "fili,"

a stack of wood, plastic planks or sheets, or ceramic blocks
which have a large surface area. Typlcally, a fan 1is used to
force air through the fill, ccoling the water by evaporation.

The air is expelled in a saturated or near-saturated condition
and is usually a few degrees warmer. Noise is generated by the
fan and by the water falling intc the basin. Centrifugal cocoling
towers (using centrifugal fans) are quleter than propeller-fan
towers. Figure A-58 presents a range of noise levels typlcal

for both centrifugal and propeller towers.

Condensers of the liquid-cocled type are used in all large
refrigeration machines; smaller machines use directly air-cooled
condensers. In a condenser, the entering gaseous refrigerant
is cooled as it passes through the gas~to-ailr exchanger, where
the gas condenses to its ligquid form, and the resulting liquid
is returned to the refrigeration machine. A fan is frequently
used to force air flow through the heat exchanger. Figure A-59

presents a range of noise levels representative of air-cooled

condenser nocise.

A.3.8 Conveyance systems

In multistory buildings, 1t is necessary to transport large
pumbers of people guickly. It is also desirable to transport
heavy objects from one floor to another, and in hotels, hospltals,
and apartments, to trahsport trash and soiled laundry to their
respective collection areas from many locatlons in the buildings.
Elevators, escalators, and pneumatic transport systems are

examples of the conveyance systems used in bulldings.
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Elevators consist of three major components: the cab, hoist
cables and counterweights, and the hoist motors or hydraulic 1lift
piston. The weight of the cab is partially balanced by the counter-
welgnts which are lowered as the cab is raised. The hoist motors
are DC-powered, which is best suited to the frequent starting,
acceleration, and stopping operations of elevators. Supply cur-
rent 1s generated by accompanying motor-generator sets (using
standard AC motor drives) or large rectifiers. The hoist motors
are located directly over the elevator shaft, usually on the
roof of a bullding, or at various upper floor levels. Hydraulic
power l1s sometimes used for distances of under 60 ft. A hydraulic
pump provides the driving force., Figure A-60 presents noise
levels typically found in elevator machinery rooms.

Escalators are comprised of two major components: the stairs
with tracks and the drive motors. The motors are usuglly located
beneath the lowest flight, the upper flights being driven by those

below.

Prneumatic Transport Systems use low-pressure differentials
exerted over large or small areas to move comparable sized loads.
The chief components are a high~pressure fan, a duct system,
loading and unlocading stations, and control devices. In a typical
system, the fan is run at an idle speed (say 1/2 full speed which
requires only 1/8 of the fulliw-speed hp) until the loading station
signals for full-speed operation. The load is then conveyed
through the duct system to the desired unloading station. At
the unlocading station, the passage of the load signals the blower
which then drops to idle speed,
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A.3.9 Ballasts

Fluorescent and mercury arc lights reguire higher voltage
power than the normal 115v line current. Ballasts are essen-
tially small transformers which alter the voltage to sult this
need. Ballasts are usually mounted rigidly to light sheet nmetal
panels in order to provide the required cocling area. These
panels often serve as very effective radiaters of sound; thus,
the noise levels may vary considerably. Figure A-61 presents
measurad data for one installation. Nolse levels 1in other in-
stallations with different ballasts and fixtures may be as much
as 10 dB quieter or nolsier than the curve presented.
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APPENDIX B - IMPACT CONSIDERATIONS

B.1 Interpretation of Impact Estimates

Sections 3.2.2 and 3.3.2 of this report have provided
detailed breakdowns of the impact on people of exposure to
a variety of noise sources. This section of the report is
intended to permit the reader to gain an appreciation for
the significance of these estimates. It therefore consists
primarily of caveats,.

First, it must be stressed that both the physical
levels of the noise sources and the levels at which effects
on people are specified are, at best, imperfect estimates.
Every attempt has been made to obtain unblased and statisti-
cally sufficient estimates. Nonetheless, the actual levels
mentioned in the text cannot be regarded as exact. Vari-
ability is inherent not only in the measurement process,
but alsc in the noise sources, the propagaticn paths by
which their sounds are transmitted to people, and of course
in the responses of people., Thus, individual instances of
extreme sensitivity to noise effects are to be expected, as
are cases of excessively noisy and quiet sources. In some
situations the total amount of variablility may be so great
as to transform assessment of noise impact, a priori, intc
an imponderable issue, It 1s important to acknowledge that
the impact estimation of Sections 3.2.2 and 3.3.2 can per-
tain only to the general, rather than the specific, Instance.

It must also be understood that research on the effects
of noise on people has been conducted for the most part under
controlled and simplified conditicens. The application of
knowledge gained from such experimentation to heterogeneous

populations living in complex environments necessarily entails



a falr amount of interpretatiocn and approximation. Disagreement
among experts on matters of detail is probably unaveoidable.

Yet another important consideration to bear in mind when
reading the sections on the impact of home appliance, building
equipment, and construction noise on people is that these noises
comprise only a fraction of most people's daily noise exposure.
Since many noise effects are cumulative in nature, discussion of
the impact of exposure to restricted classes of noise is both
artificial and potentially misleading. It is not safe to assume,
for example, that hearing damage is not a substantial risk to
the public at large merely because the risk from construction

noise exposure is negligible.

In short, it has been necessary to make a large number of
assumptions in preparing most secticns of this repcrt. Assump-
tions are the coin with which conclusions are purchased. The
reader must understand the assumptions before he can decide for

nimself whether the conclusions are worth the price.

The final caution is pernaps the most basic., Stated simply,
it is that no attempt has been made in this repcrt to address
the crucial issues of social desirabllity and costs of noilse
impacts. Such issues were purposely avoided as inappropriate
and far beyond the scope of the current report. Value judgments
about how much noise exposure is tolerable must inevitably be
made, however, if this report is to be fully useful. Adminis-
trative or legislative bodies must eventually decide how much
hearing loss workers must suffer to maintain industrial pro-
ductivity; how much annoyance, stress, and task interference
the public must endure; how much sleep interference is tco much;
and so forth. The authors hope that this report will provide
the data and conclusions essential for intelligent actions on

these issues.



B.2 Discussion of Construction Data

Table B-1 tabulates nonresidential bullding construction in
1970 by the nature of metropolitan regilon in which eleven major
categories of buildings were constructed. Construction effort
in each building category is characterized both by the number of
sites and the total construction ccst in each region. The average
cost of each type of building in each regiocn is also presented in
Table B-~1l., The cost estimates are necessary for accurate estima-
tion of the number of machine-hours of eqﬁipment.operation at
each site. The wide variability of building cecsts deserves
special note, Office buildings in large, high-density central
cities cost an average of $1.9 million while the same type of
building costs an average of only $.67 million in low-density

central cities.
The sources of the data in Table B-1 include the following:

« Columns 1 and 2: Unpublished tabulation by U.S. Bureau of
the Census of all nonresidential bullding permits for 1970;

¢ Columns 3, 4, 5 and 6: Estimates based on population ratiocs,
construction level ratios (where known), and assumptions

about probable unit costs; and

« Column 7: Construction Review, except for lines 2, 5, and
7, which were estimated on the basis of known ratios of

large city to national construction ratios.

Two categories of nonresidential building are recognized by
the Bureau ¢f the Census but are not discussed in this report.
One is "residential garages and carports”, of which 150,885 were
authorized in 1970, at an average cost of $1600. Carport con-
struction was judged to contribute negligibly to construction
ncise problems. The second categery of buildings recognized by



TABLE B-1.

GEQGRAPHIC DISTRIBUTION CF MAJOR NONRESIDENTIAL CONSTRUCTION

8Y TYPE OF BUILDING {1970)
Other Len-
Large High-Density Large Low-Density tral Cities
Centrail Cities Central Cities {Est.)
Type of Building Bldg. Cost Avg. Cost]Bldg. Cost Avg. CostiBldg. Cost
Cffice, Bank,
Professional 235  $438: $1863XK 815 $559M 3 686K 11998 &8378:
Hotel, Motel, etc. 27 108 4015 56 75 1335 137 127
Hospitals and
Institutions 123 326 2647 120 103 851 294 233
Schools 57 73 1091 149 ho 267 366 106
Public Vorks Bldg. 58 48 822 107 &4 601 262 75
Industrial 362 g2 253 B840 g3 116 1661 306
Parking Garage 82 33 398 114 bg L2g 276 48
Religiocus 81 21 255 160 24 1kg 382 Lo
Recreationsal k3 17 g2 385 25 £4 0932 65
Stere, lercantile
=1ldg 533 84 159 [1649 205 124 Loks 352
Service, Repair
Stasion 341 12 4a 533 13 23 1355 b1
Qutside
Nonurbanized Metro-
Urban Metropolitan politan
Fringe Area Area National
! o (Est.) {Est.) (Est.) Total
i Type of Building Bldg. Cost | Bldg. Cost Bldg. €ost | Bidg. Cost
iSffice, Bana, ‘
f?“ofessﬁcnax 3168 $6001 | 1424 270 2260 8L56L 9GO0 $2701H
flctel, Yotel, ete 344 320 158 143 207 157 929 931
moseitals and
i Institutions 5590 468 265 210 411 272 1803 1611
Schocls 687 197 309 88 465 102 2043 606
 Fublic Works 3lds. 689 196 310 88 ho1 95 1847 566
- Industrial 6376 989 2867 hyg 3706 391 16336 2316
CParying Garage 841 145 379 66 550 72 2195 iy
~Religicus 1826 185 823 83 870 71 yo52 423
Zecreational 1395 99 628 Lg 993 51 4376 30
Storse, Tlercantile
2idg. 11425 998 5148 kg 7258 4oy 25058 2512
Jervice, FHeralr
Station 3220 97 1451 43 2050 b2 8970 247

B~




TABLE B-2.

Type of Building

and Four-Unit

Pive-init and Larger

Type of Building

{i1

ingle-Unit

i b T e
Tuo-Unit

i

Ty 1 1
Four--Unit

Three-~ and

Five-Unit and Larger

Type of Building

Single~Unit
Two-Unit

Three- and Four-init

-

FTive-init and Larger

Type of Building

Single-Unit
Two -Unit
Three~ and Four-Unit

Pive-lUnit and Larger

¥Sze Sec.

GEOGRAPRIC DISTRIBUTIOHN
CONSTRUCTEION BY TYPE OF BUILDING

3.2.1.2, Table IX,

Large High-Oensity
Central Cities™*

OF RESIDENTIAL BUILDING

{(1970)

Large Low-Density
Central Cities

Total Avg. Total Avg.
Const. Const. Const. Const.
Bidg. Cost Cost Bldg. Cost Cost
5742 % 861 3 15.1K 17213 $ 330 & 19.2%
2044k bs 22. 1076 32 29.8
177 9 51, 277 13 kg, 2
745 532 716.0 3012 802 266.0
Other Urban Fringe
Central Cities (Est.)
Total Avg. Teotal Avg.
Const. Const. Const. Const.
81dg. Cost Cost Bldg. _Cost Cost
§5776  s1b781 & 17.0¥ 241800 34825 3 13.94
4776 Qz 19.3 6190 149 2z2.5
3265 125 33.4 3542 127 35.8
gL96k 1023 19%.0 11672 2123 185.2
Nonurbanized Qutside
Metropolitan Area detropolitan Area
(Est.)
Total Avg. Total Avg.,
Const. Const. Const. Const.
Bidg. Cost Cost Bldg. Cost Cost
109018 $2171% $ 19.9K 155218 $272001 0§ 164K
2800 63 22.6 5455 109 20.0
1593 5T 35.8 2720 20 33.12
53166 g57 185.2 33.21 512 184.7
National Total
Total
Const.
Bldg. Cost
§oU767 $11605
22231 482
11595 hol
32465 6109

and large low-density central cities.

B-5
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the Census but not discussed in the current report is "all cther
ronresidential buildings™, of which 259,814 were authorized at
an average cost of $6,760. The latter category of construction
was considered too heterogeneous in nature to permit reasonable
estimation of the nature of construction noise at a "typical
site.

Table B-2 presents data on the construction effort invoived
in erecting residential buildings as a function of the type of
metropolitan region in which the construction ocecurs. The data
of Table B-2 were obtained from unpublished Bureau of the Census
tavulations and from the Census publication Congtruction Reports:
Housing Authorized by Building Permits and Public Contracts, 1370

B.3 Estimating the Extent of Public Works Construction Noise

The public is exposed to construction noise not only from
operations of erecting buildings of various sorts, but also from
operations arising from public works construction. Such opera-
tions include rcad, highway, street, and sidewalk construction
and maintenance, as well as sewerage, water works, and utilities
installation and maintenance. The noise created by these con-
struction activities is frequently prolonged and intense. Even
small repair Jjobs on water works create considerable noise as

sections of pavement are ripped up to gain access to buried pipes.

tstimation of the amount of noise created by such activities
reguired that & number of assumptions be made about the distribu-
tion of construction noise from public works sites. The most
important assumption was that federal and state public works
activity could be neglected for the purposes of this study since
it occurs primarily in rural regions of low pepulation density.
Attention was therefore concentrated on municipal publie works

activities within SMSAs.



Although summary reports coentain ample information on federal
and state public works activities, comparable municipal data are
available only from individual municipalitles. We have been able
to obtain fairly complete data on municipal public works construc-
tion and maintenance for two large, high-density cities: the
central cifty, Boston, Massachusetts, and the adjacent city of
Cambridge. We have used this information, together with the Tigure
of 42,000 miles for municipal street construction throughout the
country in 1965, published by the Federal Highway Administration,
to estimate total sewerage and water works activity (in terms of

miles of pipe and mains laid) for the country.

In carrying out these calculations, we assumed average values
of 1.0 miles each of water and of sewer main per mile of new
street. We further assumed that on the average, water and sewer
main additions per vear would be 2% and 1.5% of existing footage,
respectively, as opposed to 7.5% for the annual increase in length
of municipal street systems. This gave estimated country-wide
vaiues of some 11,000 miles of water mains and 8,000 miles of
sewage mains. These estimates are considered reasonable in that
they are about half as great as would be obtained 1f the respec-
tive annual U.S. expenditure for water works and sewer construction
were allocated solely to the installation of mains. Moreover, some
mains would be installed concurrently with street construction and,
as a conseguence, not constitute separate sources of noise pollu-

tion.

Inherent in our approach to the estimation of exposure of the
population to municipal construction ncise is the assumptlon that
the locus of both municipal construction and of population exposed
iz the street system of a municipality. We have therefore focused
on the numbers of inhabitants distributed in permanent residence
along the streets of a municipality as an index of the impact of

B-7



street-associated municipal construction noise. In order to facili-
tate the use of this apprcach, we developed a correlation (see

Fig. B-1) between population density and the quantities, miles of
street per square mile and inhabitants per mile of street for
several dozen cities, towns and counties in Massachusetts and Penn-
sylvania for which we had data available.

Using the above correlation, together with the amounts of
municipal public works construction estimated earlier, we arrived
at the impact estimates presented in Table B-3. The indicated
exposures of residents along streets where municipal public works
construction is taking place are 10 million and 4.4 million indi-
viduals, for street and water works and sewer construction,
respectively, making a total of 14.% million individuals exposed

to public works construction noise.

B.4 Propagation Loss Model For Building Construction Sites In
Metropolitan Areas

Two classes of people are exposed to construction nolse: the
stationary population which inhabits the region arcund the construc-
tion site (workers and residents)} and the transient population which
passes by the site (drivers, passengers, and pedestrians.) Two
models were constructed to estimate the extent to which site noise
is attenuated for each c¢lass of observers.

Stationary Population

The entire stationary population arcund a construction site
was assumed to be indoors with closed windows. Accustic propaga-
tion loss was modeled by postulating a representative site geométry
and applying the formula

H o= 20 log %F + 20 4B
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where H total propagation loss
R

Rp = reference range at which site source level

range from source to cbserver

was measured (50 f't).

Twenty dB was added to account for the loss through building walls
with closed windows. The resulting transmission leoss contours are

shown in Figure 19 of the main tex%.

Trangtent Population

People passing by a construction site continuously vary their
distance from the site. A model such as the above is not directly
applicable. The peak noise level to which passersby are ekposed,
however, can be computed from the propagation loss at the passerby's
closest point of approach (CPA) to the site. This propagation loss
is computed froem the formula

R, .
H = 20 log B + H
where H = total propagaticn loss

Ry = range at CPA

Ry = reference range at which site source level

was measured (50 ft)

H” = is 2 term included to account for baffling or

obstructions between source and ohserver

In the case of pedestrians, we assume that R; = 100 feet and H”
is zero. H is therefore 6 dB. For drivers, we have assumed

Ry = 100 feet and H” = 15 dB to account for attenuation caused
by the transmissiocn loss of an automobile. For ,this case,

H = 21 4B, which was rounded tc 20 dB to emphasize that the
figure is only an estimate.
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APPENDIX C — SOUND LEVEL CONSIDERATIONS
BY AMERICAN CONSTRUCTION MACHINERY MANUFACTURERS

by
H.T. Larmore
Deputy Director for Technical & Safety Services
Construction Industry Manufacturers Association
Milwaukee, Wisconsin

Presented at
The American Industrial Hygiene Association Conference
Toronto, Ontario

May 24, 1971

This presentation will attempt to place the problem of noise
into its proper perspective relative to construction and construce-
tion machines - both as a potential cause of hearing loss for
workers and as an air pollutant for the nearby community at con-

struction sites.

NOISE — THE PROBLEM STATED

Unwanted sound — is not new to the construction industry.
Construction sites are neisy. Likewlse, it is not new to heavy
machines used in the construction of buildings, highways, sewer
and water systems, alrports and the like, Indeed, 1t has been a
ceriterion by which scome machines have been coperated. A skilleag
operator often relies upon the sound of his eguipment for proper
operation. Also, noise is often assoclated with power in the

purchase of machines.

These philosophical concepts and the public demand for lower
construction costs do not excuse construction machinery from being
noisy, but they have contributed to the major emphasls by manu-
facturers over the past decade to design for greater productivity
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rather than to build gquieter machines. The transitory and tem-
porary nature of constructicn has also zllowed a lack of concern
for noise. While any particular contract is underway, the work-
ers and neighbors might well be annoyed by the noise. But relief
comes when the job is completed and the big machines move on.
Next job site — there are new workers; new neighbors.

During the past few decades, the public demand has been for
more production with less labor and less cest. This prompted the
development of today's remarkable machines with more power, auto-
mation and speed than ever before. But machine "improvements"
to effect this demand generally tended to increase noise levels.
Larger engines produced more nolse both internally and from the
exhaust. llore automation was accomplished through more use of
hydraulic power which alsc is a noise generator. Larger engines
and more hydraulic power increased the heat which must be dissi-
rated through larger quantities of air being driven by noisier
fans through larger radiators. ZIncreased speed means increased
vibration freguencies which tend to concentrate in the audibile

hearing range,

THE CONCERN FOR NOISE

The concern fer noise, only recently voiced by the public
and expressed now in actual or propesed legislation at all levels
of government would seem to have created a major shift from the
"productive Sixties™ to the "silent Seventies". Fortunately,
our industry 1is geared to respond to our customer reguirements
and, hopefully, to recognize changing requirements scon enough
to accommodate the necessary lead times for research and develop-
ment, testing, tooling, manufacturing and distribution. Noise

abatement, although recognized by manufacturers of construction



machines as a legitimate environmental concern, has been and still
is difficult to define in precise engineering and machine require=
ments — how much — how fast — what costs and trade-offs are accept-
able -~ cost/effectiveness ratios — all tend to remain fuzzy with

even man/noise effects far from being accurately determined.

The manufacturers of construction machines, without waiting
for all the answers, recognized in the late sixtles the need for
the basic tools for all change and/or regulation — Measurement
Standards. Without such tools, base lines cannot be establlished

or progress measured,.

Through the Construction Indusiry Manufacturers Association
(CIMA) = the necessary machinery and policies were established
scme four years ago to recognize needs for Performance or Safety
Standards and to promote development of such Standards by na-
tionally recognized technical and Standards writing bodiles.
Among these were the basic noise measurement 3tandards as vol-
untary guidelines for both industry and government authors.
These were accepted for development by the Society of Automo-

tive Engineers (SAE). They include for construction machines:
1. Noise measurement at operator station
2. Noise measurement at 50 fooct radius
3. Construction job site noise measuremant

4. Cumulative operator nolse exposure measurement along

with standardized reporting methods

Substantial progress has been made Dy SAE with completion and
publication of some of these Standards expected in the near

future.



The measurement of noise levels either at the operator's
station or at a distance from the machine is no simple matter.
A machine can be subjected to many operational variables.
tngine at rated speed, acceleration, full power drawbar locad,
power take-off load, hydraulic load, idling engine, idling trans-
mission, transport, addition of a cab, roll-over prctective
structures, windows open — these are some of the variables which
affect noise levels. For that reason, a uniform procedure for

noise measurement is most important.

There are currently under consideration at least four
Federal Bills and twenty State Legislative Bills which can regu-~
late noise on construction machinery. Conseguently, there is
a real need for uniformity not only in measurement methods bub
In noise limit levels. It can be appreciated that legisliators
are concerned with protecting operators and others from hearing
damage and the nulsance of excessive noise. However, a mass of
legislation and regulations which are nonuniform are more of a
liability than an asset in reducing ncise levels on construction
machines, Nonuniformity with little or no lead time for making
the changes is leading to stop-gzap measures which have unpredict-
able durabllity and effectiveness, and which perhaps introduce
unwanted trade-offs and compromises through overheating, fire

hazards, maintenance interference and reduced output.

WHAT ARE MANUFACTURERS DOING ABOUT NOISE?

S0 — what are construction machinery manufacturers doing

individually and as an industry?

Individually they are:

1, Evaluating the many noise sources peculiar to each

machine.



2. Developing operator enclosures for current products.

3. Develeping preccedures for customlzing current products

off the production lines,.

4. Developing quieter components and systems for quieter

machines in the future.

Through CIHA they are:

1. Seeking new and updated SAE Standards and Recommended

Practices for operator and exterior noise levels.

2. Organizing a cooperatlve effort among government, noils
specialists, contractors and machinery manufacfurers ¢
accumuliate the great masses of actual on-the-job noise
data reguired by industrial hygienists in their evalua-
tion of the man/nolise effects in the construction envi-
renmeant.

-

3. Creating information on construction machine noise for
use by regulatory bodles, consumers, and information

media.

4, Investigating 2 means to express machinery noise sources

in a uniform, usable and reliable manner.

THE COMPLEX ANSWERS

These individual and collective efforts are not simple nor
do results come easily or cheaply. As a beginning, component noise
sources are rapidly being isolated and evaluated. Oversimplifi-
cation of the problem frequently leads many te believe that
engine exhaust noises are the culprit and that larger mufflers
would turn the trick. To be sure, this is part of the problem.

However, noise reduction of the exhaust permits other machine



noises to become dominant. Larger mufflers alsc create a visi-
bility problem since they usually end up directly in front of
or behind the operator.

There are several other noise sources which are the same
order of magnitude as exhaust noilses, depending on the machine
and 1ts configuration.

These are:

1. Internal engine noises exclusive of the combustion
i1tself.

2. Englne air inlet

3. Transmission and other gear noises.

4, Hydraulic system noises including the pump, tubes,
valves, cylinders and hydraulic motors.

5, Alr noise from the fan and radiator.

6. Various moving mechanical elements such as crawler

tracks, or scraper elevators,

It is very likely that on a large machine today, each of
these noises is individually in excess of 9C dB(A) (decibels on
"A" rating scale). In the case of two equal noise scurce levels,
the sum 1s about 3 dBA higher than either source alone. For
four equal noise sources, the sum is about 6 dBA higher. And
this in reverse acts much the same way. Suppose the total noilse
of a machine is 100 dRA composed of four equal noise sources.
Let's say the exhaust, engine noises, gear and hydraulilc noises
and fan nolses are these four. If by some magic the exhaust
and internal englne nolses could be reduced to zero, the machine
would still have a nolse level of 97 dBA. So, this 1s the
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challenge to the engineers who are studying each nolse source

and striving for noise reduction of each component.

QUIETING CURRENT PRODUCTS

For gquieting current production machines, some manufacturers
are starting to use off-line, extra cost customizing. This may
consist of one or more of the following: An isolation mounted
cab; larger muffler; sound deadening material arocund noisy com-
ponents; and vibration iscolation of noise components. These
methods are expensive and can have only minimal effect on the
total problem. Also, the sound absorbing iInsulation causes
some components to run hotter and can possibly absorb spilled
petroleum products. This can be a fire hazard. One would not
normally expect to replilace such insulation durlng a machine's
expected useful lifetime but durability of such materials and

installation techniques are not broadly known.

FUTURE MACHINE QUIETNESS

For future machines, larger capacity ccoling fans with non-
resonant frequencles are being developed. These would utilize
larger veolumes of air at lower velocitles, new radiator fin

designs and more efficient shrouds.

Some gears must be changed from one form to another and
perhaps made with more precision. Much noise is generated from
variable gear loadings and from gear idling. Gears are designed
to transmit a given power level at a required speed. Variations
cf these will set up vibrations which cause noise. Here again,'
isolation and insulation seem like possible temporary solutlons

but heat and flexibility can lead to premature failure and other

new prcblems.
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Hydraulic pumps, transmissicn lines, valves, cylinders and
motors are all neise generators. 011 flowing in a smooth, uni-
form path should be one of the guietest methods of generating,
transmitting and utilizing energy. However, each component has
complicated restrilctions which induce vibration. If all of the
hydraulically performed functions were uniform and continuous,
the nolse would be minimal. But ease and lexibllity of con-
trol are reasons for the many appllcations. Noise reduction
programs for hydraulics are underway, but they will take time
for development, testing and adopting.

Mechanical components such as the tracks of crawler tractors
are neoisy but fortunately are of lower freguenciles. These types
of mechanisms are just not readily gquleted and do not lend them-
selves to encapsulation treatment. The long range, practical
solution for all these problems may well dictate future machines

of entirely new configurations.

NOISE STANDARDS AND REGULATIONS

Because of the many nclise scurces which add up to a single
composite noise at an individual's ear, a unique but uniform
measurement 1is necessary. For thls purpose the SAE Standards
are a very practical solution. The development of these Stan-
dards requires inputs from a broad spectrum of individuals with
various areas of interest. One company cannot develop such
Standards nor can just the machine manufacturers’® industry.
But, through CIMA, the industry is promoting and lending its
support to the development of meaningful nolse Standards by
independent Standards writing bedies which include experts
from manufacturers, goevernment, publie, users and labor.

c-8



As previously stated, these are noise measurement and
reporting Standards being developed by engineers and other
highly knowledgeable people in the construction field. Ob-
viously, their efforts must be teamed with practical and effec-
tive noise limit Standards developed by the experts in the
field of Industrial Hyglene. Such limits should be in keeping
with the peculiar type of exposure found in the construction
environment. Only when these two tasks are completed can
effective and practical noise control programs and regulations
be designed and implemented.

For Community Noise Control we visualize total construction
Job site limits geared to the particular needs of the surrcound-
ing community. This would create a natural demand for quieter
machines yet still allow contractors and users to utilize their
well demonstrated versatility and ingenuity to get the job done
in compliance with realistic job site noise limits even with
existing machines by using new job layout and operational tech-

nigues,

For contrcl of hearing damage risk we would urge that the
current Walsh-Healey noise exposure tables might be modified for
construction workers to more accurately reflect their unigue
exposure to Intermittent, variable intensity noise and the large
seasonable fluctuations in noise dosages. These factors are
covered in some detall in a CIMA sponsored study published by
SAE, December 1969, as Technical Report — SAE Research Project
R-4 and titled "A Study of Noise Induced Hearing Damage Risk,
for COperators of Farm and Construction Eguipment"., This report
is available from the Society cof Automotive Engineers, Inc.,

Twe Pennsylvania Plaza, New York, New York.



In summary, we have attempted to briefly review the back-
ground of construction machinery and the relatively recent public

concern for noise.

We have outlined the complex and scphisticated industry
problems involved and our concern that the public may be moving

from apathy to overkill in one easy lesson.

We have indicated an industry recognition of the responsi-
bility to help shape noise abatement legislation and regulation
into reasonable and responsible instruments; alsc, our pas?t
and continuing active participation, through CIMA, to effectively
utilize our industry expertise in major and necessary Standards

activities.

We spoke of the industry efforts, both from individual manu-
facturers and collectively through CIMA to create gquieter ma-

chines except as a stop gap, high cost measure.

We outlined the need for new noise limit criteria designed
in consideration of the unigue types of nolse exposure and

dosage for construction workers.

Tt is obvicus that construction machine designers and indus-
trial hygienists in both the government and private sectors are
operating at the threshold of the art relative to notse. We
bhelieve there is real and urgent need for a combining of these
two groups intc a teamwork effort. Through suech a combined
grouping of expertise can come the tools and procedures to
effectively reach our common noise abatement objectives — and
to do so with full consideration of the total needs of our

society and at costs and compromises satisfactory to the public.



APPENDIX D - NOQISE CONTROL: REGULATION AND STANDARDS

D.1 Introduction

Control of the neise produced by constructicn activity,
building equipment, and home appliances cannot be expected to
brocede in an orderly fashion without supporting guidance in
the form of noise criteria, noise standards, and noise limits.
This section of the report presents information on the status
of currently available guldance for noise control. Trends in
development of criteria, standards, and limits are discussed,
Where possible, future requirements for ncise control! guidance
are anticipated.

A fundamental distinction must be made among the three
basic forms of guidance necessary for systematié noise control.
Noise criteria are defined as statements of the effects produced
by various levels of nolse exposure. Criteria are based on the
effects of noise on people, as discussed in Section 3.1 of
this report. Noise standards describe the properties orf
noise environments that are considered desirable. Standards are
usually presented as long-term goals that a regulatory program
may be designed to attain. Noise limits are 1n effect regulatory
documents intended to limit public eXposure to individual noise
Sources. The limits entail not only a knowledge of the existing
noise environment, but also technological and economic constraints
On neise abatement. It is intended by writers of noise limits
that the noise environment should approach the goals of noise
standards in a systematic fashion.

The next section will discuss the elements involved in the
development and Support of regulatory noise limits for construction
equipment; the third section of this appendix wlll discuss those



3.2 Construction Equipment

The body of this report has incliuded discussion of criteria
in the estimation and evaluation of the impact of constructicon
2gquipment nolse. The criteria appropriate to construction equip-
ment noise are not unigue to such noise sources, of course. The
selection of standards for noise exposure must take into account
the characteristics of the combined impact of the many noise SOUrCces
‘that pollute our environment, and most importantly, must be keyed
to the business and recreational activities and situations in soclety
that are to be protected from noise. Thus, the development of a
set of standards for the protection cf human actilvity from noise
pollution is peyond the BscCOpe of the present project and report;
indeed, the ultimate selection will be based on fuprther legislation
incerporating decisions of national policy. It is our intention
here to describe the relationship between the various elements in
an environmental regulatory scheme, and to identify their present
state of development by scientific and engineering Eroups, and by

State and local governments.

The third of these elements is the noise 1limit itself, which
provides guantitative restriction of noise emissions through inccr-
poration 1in legally enforceable rules, reguiations, and laws.
Quantisative 1imits must be directed at an identifiable legal entity
(such as manufacturer, vendor or user), and must be accompanied DY
specific test and measurement procedures. Although no nationwide
noise regulations for construction or other powered outdoor equip-
ment now exist, several states are considering such noise 1limits, and
a number of larger cities have recently enacted or proposed limits

for constructlion equipment.

The next section of this Appendix will review the recent
regulatory activities at the state and local levels that apply.
Since procedures for construction equipment noise measurement are
so important to the successiul implementation of source limitations,

tne last section will discuss these in more detaill.
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State and Local Regulations

In the last two years, considerable activity has taken place
at the State and local level with regard to reducing the noise of
outdoor construction, maintenance, and repair activities.

Both the State of Iilinois ang the State cof Hawaii enacted
statutes in 1970 which grant broad regulatory powers over noise to
specific state agencies. At this time neither the Illinois Pollu~
tion Control Board nor the Hawaii Dept. of Health have adopted any
rules or regulations to control construction noise. The Illinois
Institute for Environmental Quality has inltiated a study of noise
sources (including construction and other cutdoor powered equip~
ment) that could be covered by State regulations, and proposed
limits for such equipment are being studied.

In the State orf California, a report to the 1971 Legislature
on the Subject of Noise was prepared by the State Dept. of Public
Health. This report includes in its recommendations the establish-
ment of noise emission standards forp all noise-producing cbjects
now in use as well as to be admitted in the future toc California.
The construction noise sources identified in the report include
all diesel~engine powered eguipment, such as generators, compressors,
off-highway trucks, bulldozers, loaders, scrapers, power shovels and
other excavating equipment, as well as piledrivers, riveting machines,
Jack hammers, elevators, cement mixers, hammers, power saws, drills,
and nailers. Gther State legislatures have or wlll consider a
variety of proposed constructiocn noilse bills; a bill submitted to
the New York State Legislature in 1968 would have limited construc—-
tion noise as measured at the nearest muitiple dwelling.

Because construction-equipment noise is especlally severe
in urban areas, limits have been propesed or adopted in several
larger cities. New York Clty has proposed coverage of construction

sites by permlt, and limits for alr~compressor and paving-breaker
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egquipment in a new noise code; public hearings are scheduled to
pegin in the City Council Committee on Environmental Protection
on § September 1971. The City of Boston Air Pcllution Control
Commission has recently completed a study of community noise and,
as part of its plan for noise control, will begin hearings

27 September 1971 on proposed regulations which include limita-
tions on nolse of both construction/outdocr powered equipment
and on the operation of a construction site. The latter limits,
in brief, apply at any nearby area open to the public eXcept
public ways, or at a 1000-Tt radius from the site, whichever

1s nearer.

The City of Chicago adopted a comprehensive noise ordinance,
effective 1 July 1971. Section 17-4.8 provides that "No person
shall sell or lease,...any powered equipment or powered hand
tool that produces a maximum noise level exceeding the following
noise limits at a distance of 50 ft, under test procedures es-
tablished by...this chapter." and there follows a table of limits
in dB(A) for four categories of equipment. Two categories "Con-
struction and Industrial Machinery" (#1) and "Commercial Service
vachinery" (#3) cover the bulk of construction equipment.

"Construction and Industrial Machinery" includes powered
cutdoor equipment, mobile or stationary, associated with con-
struction sites or industrial operations. Such equipment
includes crawler-tractors, dozers, rotary drills, and augers,
loaders, power shovels, cranes, derricks, motor graders,
paving machines, off-highway trucks, ditchers, trenchers,
compactors, scrapers, wagons, compressors, pavement breakers,
pneumatic-powered equipment, etc. Specifically excluded are

plle drivers.
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"Commercial Service Machinery" includes powered equipment
of 20 hp or less intended for infrequent service in residential
areas, typically requiring commercial or skilled operators,
Such equipment includes chszin saws, light pavement breakers,
log chippers, powered hand tools, etc.

The limits that apply to these categories are keyed to the
date of manufacture of the equipment and provide a timetable for
necise reduction as foilows:

' Construction and Commercial
Manufactured after Industrial Machinery Service Machinery
1l Jan. 1972 ali aB(a) 88 dB{A)
1 Jan. 1973 88 aB{a) 84 dB(A)
1 Jan. 1875 86 dB(A) -
1 Jan. 1978 - _ -
1 Jan. 1980 80 dB{A) 80 az(A)

The application of the limits %o equipment for lease is most
appropriate in the case of construction machinery; such equipment
is usually leased rather than sold. Since the 1limits only apply
to equipment manufactured after 1 January 1972, it is too early
to look for compiled results, but several contractors in the
Chicago area are now asking for "quieted" equipment that will
meet these limits, and intend to use such equipment, inscfar as
possible, to reduce or eliminate community nolse complaints.

This provides very desirable pressure in the market place for
such "quiet" equipment, encouraging manufacturers to offer noise
control packages on their construction equipment before the re-

guired date.



Measurement Procedures

Since guantitative limits must be applied to the noise
source, most test codes and recommended practices for measure-
ment apply to the operation of an individual item of econstruction
equipment. The following noise measurement procedures are of
this form:

SAE* Standard J952a Sound Levels for Engine Powered Equipment

3cope: For engine powered equipment including mobile construction
and industrial machinery, but not covering machinery
designed for operation on highways, or within factories

and bulilding areas.

Test Type: Outdoor free-field measurement on level ground. Mea-~
surement distance 50 ft. Eguipment operation at speed

and load producing maximum scund level.

Bata: A-weighted sound level.

City of Chicago Envirommental Control Ordinance, Article v’
Test Procedures for Noise Emitted by Engine-Powered Equipment

and Powered Hand Tools

Scope: For engine-powered equipment, including constructicn and
industrial machirery {(not including pile drivers) agri-
cultural tractors and equipment, powered commercial
equipment of 20 hp cr less, and powered equipment for

use in residential areas,.

¥Society of Automotive Engineers, Inc., NYC, N.Y. 10001

tSec. 17-4.26 and corresponding section of DEC Code of Recommended
Practice. Chicage Department of Environmental Control, Chicago,
Il1. 60610.



Test Type: Outdcor free-field measurement on level surface.
Measurement distance 50 ft. Both statlonary test
and acceleration test (for rubber-tired mobile
equipment) at lcad and speed producing maximunm
sound level. Pneumatic eguipment operated as
specified in CAGI-PNEUROF Test Code.

Data: A-weighted sound level.
ANST* S1.19/193 (Proposed) Test-Site Measurement of Noise Emitted
by Engine Powered Equipment

Scope: For determining maximum noise emitted by construction
and industrial machinery, transportaticn and recreation

vehicles, and other engine~powered equipment.

Test Type: Outdoor free-field on reflecting ground. FHMeasurement
distance 15 meters (50 ft). Moving and stationary
tests for construction equipment (Sec. 4.4).

Data: A-weighted sound level
CAGInPNEUHOP* Test Code for the Measurement of Sound from
Prneumatic Equipment

Scope: Applies tc compressors, percussive and nonpercussive
pneumatic equipment. Specifies procedures and operating

conditions, nat always including process noise.

¥imerican National Standards Institute, NYC, N.Y. 10018
+Compressed Air and Gas Institute, NYC, N.Y. 10017
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Test Type: Indoor or outdoor, measurements in direct field at
five positions at 1 meter from equipment. Secondary
measurement at 7 meters distance. Non-percussive
tools measured running free and with ‘quiet” work

process.

Data: A-welghted and Octave-band sound pressure levels for
each measurement point.

The procedures adopted by the City of Chicagoe are based on
the SAE J952 standard and the revisions now under consideration
by the SAE Agricultural and Construction Machinery Sound Level
Subcommittee. Substantially the same measurement procedures
have been proposed by the City of Boston Alr Pollution Control
Commission in their Test Procedure for Measurement of Noise from

Powered Devices.

While SAE J952a contained specific noise limits, there are
being separated in a later revision now under consideration,
and the test procedure will appear separately. This procedure
recommends an additional 2 4B tolerance for such noilse measure-
rments; this provision has been deliberately omitted in both the
Chicago and Boston test procedures, and left to administrative
decision. This is more appropriate, and not unlike the enforce-

ment measurement procedures for vehlcular speed limits.

Another approach to construction equipment rolse measure-
ment is te¢ apply the measurement to the combined operators of
all construction equipment at a single test site. At the
request of CIMA (Construction Industry Manufacturers' Association)
the SAE is developing such a test procedure.
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SAE Recommended Practice {FProposed) Construction Site Sound

Level Measurements

Scope: PFor sites where construction machinery 1s operated.
Measures noise radiated off-site.

Test Type: Field measurement of radiated scund ievels at four
nearest inhabited locations to any centerpoint of
construction activity. If no inhablited locations
cleser than 1000 ft to a centerpoint, measurements
made at U4 locations spaced 90° on 1000 ft radius
circle.

Data: A-weighted sound levels at each measurement point define
"Construction Site Operational Sound Levels". Provision
for a record of "Construction Site Baseline Sound Levels”
allows limits to be expressed as change 'in ambilent as

well as absolute ferms.

The combined-operations measurement procedure is presently
being propcsed for use by the City of Boston, and the City of
Chicago plans a test of the latest SAE draft procedure as part
of a feasibility study of noise limitations on construction sites.
The Federal Highway Administration is considering this procedure
as a basis for regulation of noise from Federal-aid highway

construction.
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D.3 Hoise Standards for Indoor and Outdoor Equipment for
Home and Office Use

The impetus for development of standards for measuring and
rating the nolse produced by many types of equipment has come
from the manufacturers of nolse sources, For example, the manu-
facturers of air conditioning and ventilation appliances are by
far the most conscious of the impact of their equipment on the
noise environment of the home and office. Within the past
decade at least ten different "standard" procedures have been
formulated for measuring and rating the noise of various types
of alr conditioning and ventilating equipment. The automotive
and airframe industries have been similarly conscious of the
nolse impact of their equipment and sophisticated noise stan-
dards exist for these sources. By contrast, only one standard
has appeared to deal with the noise of rotating electrical
machinery; one to deal with gas turbines; one for gear noise;
Oone standard of a general nature, produced by official American
National Standards Institute (ANSI), intended to guide noise
measurenent of practically any piece of machinery; and a draft
procedure is under consideration by ANSI to rate the noise of
all engine-powered equipment.

Such standards are of two types. Measurement standards
specify the manner in which meaningful and reliable acoustical
data may be obtained. Rating standards apply these acoustical
data to produce ratings, usually single-numbered, that are
supposed to correlate with subjective response to equipment
noise, thus permitting at least rank-ordering of equipment noise
on a justifiable basis,

Both sorts of standards are necessary and form the basis
for yet a third class of standards (applications standards) that
are used by architects, consultants, bullding codes, noise



ordinances and similar organizations. Factors which are con~
sidered in developing application standards include the economic,
social, and political. Applications standards represent an
equilibrium between the costs of reducing noise exposure and the
feaslible noise reduction made possible by acoustic technology.

The following summaries indicate the general nature of
existing U.S. noise measurement and rating standards for domes-
tic and office equipment.

ASHRAE* 38-62 Measurement of Sound Power Radiated from Heating,

Refrigerating and Air-Conditioning Equipment
Scope: TFor unitary, unducted equipment, large or small, for
indoor or outdoor use. '

Test Type: Reverberation room, substitutlon method.

Data: Total radiated sound power level in octave or 1/3-octave
bands.

ASHRAE* 36A-~63 Method of Determining Sound Power Levels of Room
Air Conditionere and Other Ductless, Through-the-Wall Equipment
Scope: For room alr conditioners, window or attic fans, and
other ductless wall- or ceiling-mounted equipment that radiate
sound directly both to the conditioned space and the outdoors,

Test Type: Reverberation room, substitution method (2 rooms
needed ).

Data: Total sound power level radiated to indoors and outdoors,
separately, in 1/3-octave bands.

* American Socilety of Heatling, Refrigerating and Air-Condition-
ing Engineers, Inc., 345 East 47th Street, New York, N.Y. 10017.



ASHRAE 36B-63 Method of Testing for Rating the Acoustic Perfor-
mance of Air Control and Terminal Devieces and

Similar Equipment

Scope: For air control and terminal devices nermaiiy mounted
in or connected to duct systems.

Test Type: Reverberation room, substitution method.

Data: Total sound power level radiated into the room served
by the device, 1n octave bands.

AMCA* 300-67 Test Code for Sound Rating Air Moving Devices

Scope: For central station air condltioning and heating and
ventilating units, for centrifugal fans, axlal and propeller
fans, power roof and wall ventilators, steam and hot water

unit heaters (but not unit ventilators, room fan-coil units,
room alr induction units and air cooled refrigerant condensers).

Test Type: Reverberation room, substitution method, based on
ASHRAE 36-~62.

Data: Total radiated sound power level, in octave bands
{including the sound radiated into the ducts, for ducted equip-

nent).

AMCA* 301-65 Method of Publishing Sound Ratings for Air Moving

Devices

Ratings for Centrifugal Pans, Axial and Propeller Fans, Power
Roof and Wall Ventilators, Steam and Hot Water Unit Heaters;
not vet suitable for central station A/C or H/V units.

Ratings: based on octave-band sound power levels, per
AMCA 300-67:
For ducted devices, the eight octave-band
sound power levels;

#Air Moving and Conditiconing Association, 205 West Touhy Ave.,
Park Ridge, I11. £0068



For unducted devices, the loudness in sones
at a reference distance of 5 ft, as calcu-
lated from the sound power level data.

AMCA 302 "Application of Sone Loudness Ratings for Nonducted
Air-Moving Devices"
Reference materlal covering applications of the loudness rating

in sones (examples, combinations of sources, prediction of sound
loudness indoors and outdoors, variation with fan speed.

AMCA 303 "Application of Sound Power Level Ratings for Ducted

Air Moving Devices"

Reference material covering significance and accuracy of sound
power level ratings, particularly their relation to sound as heard.

ANSI*51.2 ~ 1862 "4dmerican Standard Method for the Physical

Measurement of Sound”

Scope: For all devices, machines or apparatus.
Several test procedures are described:

Test Type: Free-field; free-field above reflecting plane; semi~
reverberant field; or reverberation room. The semi-
reverberant field procedure is similar to that of

ASHRAE 36-62.
Data: Sound pressure levels at specific locations, or total

sound power levels in octave bands (1/2-octave or 1/3-
octave analysis optional); and directivity of the source.

* American National Standards Institute, 10 Fast 40th Street,
New York, N.Y, 10016
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TEEE* #85 "Airborne Noise Measurements on Rotating Electric

Machinery"”

Scope: For rotating electrical machinery of all sizes
Several test procedures are described:

Test Type: Free field; free field above reflecting plane; semi-
reverberant field; or reverberation room, (Similar
to ANSI 81.2-1962, but more detailed.)

. Data: Sound levels or sound pressure levels in frequency bands
(octave, 1/3-octave, or "narrow") at specified locations
or total sound power level, overall or analyzed into
frequency bands, and directivity of source.

ANSI §1.18/193 "Test-Site Measurement of Noise Emitted by Engine-
Powered Equipment” (Draft only.)

Scope: For reslidentlal equipment (Section 4.5) [ Other sections
deal with automobiles, motorcycles, construction and in-
dustrial machinery and recreational equipment]

Test Type: Sound levels measured on flat test site with hard
ground surface, free of large reflecting obstacles
within 30 meters of equipment under test.

Data: A-weighted sound level measured at a point 50 ft from
center of equipment and 4 ft above ground, for noislest
]
direction and noisiest operating conditions.

ARI* 243-66 "Standard for Sound Rating of Room Fan-Coil Aip-

Conditionersg?”

Scope: For room fan-coll air conditioners.

¥ Institute of Electrical and Electronic Engineers, 345 East 47th
Street, New York, N.Y. 10017

* Air-Conditioning and Refrigeration Instutute, 1815 North Fort
Meyer Drive, Arlington, Virginia 22209



Test Type: Reverberation room, substitution method, in accordance
with ASHRAE 36-62

Data: Octave-band sound power levels, computed from 1/3-octave
band data corrected for presence of pure tones.

ARI 270-67 Standard for Sound Rating of Outdoor Unitary Equipment

Scope: Outdoor sections of factory-made equipment, such as unitary
air-conditioners or heat pumps.

Test Type: Reverberation toom, substitution method, in accordance
wlth ASHRAE 36-62 or ASHRAE 36A-63,

Data: Sound power levels in l1/3~octave bands.

Rating: Single-number rating based on the 1/3-octave band sound
power levels (corrected for the presence of pure tones),
by a calculation like the ANSI Standard ‘S3.4, "Computation
of Loudness of Noise".

ARI 276-69 Standard for Adpplication of Sound Rated Outdoor
Unitary Equipment

Reference material (related to ART 270-6?) establishing a method

for predicting annoyance due to operation of outdoor unitary

equipment, and providing recommendations for application of such

equlpment,

Calculation of annoyance level (ANL), taking into account distance,
reflections, location of equipment, shielding by barriers, loca-
tion of observer, multiple units, etc.



AHAM* SR-1 Room Air-Conditioner Sound Rating

Scope: Room air conditioners

Test Type: Reverberation room, substitution method, in accordance
with ASHRAE 36A-63

Data:  Single number (or letter) ratings based on the 1/3-octave
band sound power levels (corrected for the presence of
pure tones), by a calculation like the ANSI Standard S3.4
"Computation of Loudness of Noise": the calculations are
different for the indoor side and the outdoor side of the
unit, such that the two sound ratings would be the same
if the sound power levels radiated indoors were all 15 dB
less than the levels in corresponding frequency bands
radiated to the outdoors. The outdoor calcuation is the
same as that of ARI 270-67. The indoor sound rating
(2 number) is converted to a letter rating (1ll=A, 12=B,
13=C, etc.) for publication purposes.

HYI*#1966-1 Sound Test Procedure

Scope: For home ventilating equipment,

Test Type: Reverberation room, substitution method, similar to
ASHRAE 356-62

Data: Octave band sound power levels, calculated from 1/3-octave
band sound pressure levels, are used to compute octave~band
free-field sound pressure levels at a reference 5-foot
distance,

Rating: The nominal free~flield octave-band SPL's at 5 foot are
used to calculate loudness in sones, a single number,

* Assoclation of Home Appliance Manufacturers, 20 North Wacker
Drive, Chicago, Illinois 60606

* Home Ventilating Institute
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according to ANSI S3.4 - 1968, "Computation of Loudness
of Noise,"

ADC* Test Code 1062 K1 Equipment Test Code

Scope: For air distribution and control devices (high pressure
units).

Test Type: Reverberation room, substitution method, in accordance
with ASHRE 36B-63 (except that the ASHRAE test for
attenuation of terminal devices 1s not used).

Data: Total sound power level radiated into room, in octave bands.

* * * *

In addition to these standards for measuring and rating noise
from various kinds of ventilation equipment, both the Home Venti-
lating Institute and the Air Conditioning and Refrigeration Insti-~
tute have published directories of equipment, giving noise ratings
for each model tested (a large proportion of the manufactured
models): and both the Air Conditioning and Refrigeration Institute
and the Association of Home Appliance Manufacturers offer guidance
for the writers of nolse ordinances dealing with their equipment
types, to indicate achievable goals and the necessary wording in
terms of exlsting standards, to make the model ordinances en-
forceable.

At the present time, the existence of several different
measurement and rating standards in the -ventilating/air-condition-
ing fleld is something of an embarrassment, since they are not

* Air Diffusion Council, 435 North Michigan Ave., Chicago, T1l, 60611
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mutually consistent nor even compatible, but are competing for
general acceptance, In an atitempt to deal with this situation,

an ad hoc working group of ANSI is currently trylng to draft a
standard for both measurement and rating of equipment nolise that
exhibits the best features of the already existing standards and
that, it 1s hoped, will be found acceptable by the various organi-
zations that have ploneered in the standardization effort in the
United States. It is still too early to predict whether this
action will be successful.

In spite of the slightly chaotic present situation, 1t is
clear that a great deal of careful thinking has been done about
how to measure equipment noise in the Unilted States; indeed, in
this area the U. S. is somewhat in advance of the European

practice.

2U.5. GOVERNMENT PRINTING OFFICE: 1077 487 -463-1-1-3

D-18



in filling your order.
ice@ntis.gov
1-888-584-8332 or (703)605-6050

customerserv

» Phone

f we have made an error
P E-ma

ive ori

Please contact us for a replacement within 30 days if the item you receive
defect

NTIS strives to provide quality products, reliable service, and fast delivery.

ALL SALES ARE FINAL

]
Reproduced by NTIS

National Technical Information Service
Springfieid, VA 22161

This report was printed specifically for your order
from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are not in
electronic format are reproduced from master archival copies
and are the best possible reproductions available.

If you have questions concerning this document or any order
you have placed with NT1S, please call our Customer Service
Department at 1-888-584-8332 or (703) 605-6050.

About NTIS

NTIS collects scientific, technical, engineering, and related
business information — then organizes, maintains, and
disseminates that information in a variety of formats — including
electronic download, online access, DVD, CD-ROM, magnetic
tape, diskette, multimedia, microfiche and paper.

The NTIS collection of nearly 3 million titles includes reports
describing research conducted or sponsored by federal
agencies and their contractors; statistical and business
information; U.S. military publications; multimedia training
products; computer software and electronic databases
developed by federal agencies; and technical reports prepared
by research organizations worldwide.

For more information about NTIS, visit our Web site
at hitp://www.ntis.gov.

NTIS

Ensuring Permanent, Easy Access to
U.S. Government Information Assets






