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1. INTRODUCTION

As a soclety evolves technolagically, the sources of noise
grow 1In number and kind. Nolse levels 1lncrease and the effects
of nolse on soclety become increasingly severe, Concomitantly,
scclety continually reguires more machinery, operatine at hilcher
speeds with greater power output. Alvcraft, for example, have
continued to grow in number and nolse level, creating almost in-
tolerable condltliens for populations living, working, and playing

. 1n the vicinity of airports, Trucks and constructlon equipment

require inereaslngly powerful englnes to enable a single operator
to move more goods, materials, or earth faster and more eccnomic-
ally, The thunder of these engines not only deecrades the quality
of life 1n our communltles but also causes the operators to incur
substantial levels of permanent hearine loss, A profusion of ap-
pliances that provide the energy needed to do everything from
brushing our teeth and coollng our houses, to wasning our dishes,
disposing of our garbage, and cuttine our grass often menerate
neise levels that interfere with conversation and disturb neigh-
bors. Even the wllderness, once a refuge from hectic urban life,
is now disturbed by the nclse of trail bikes, all-terrain vehlc-

les, and snowmobiles.

Given that noise is a serlous environmental problem, some
approprlate questlons one might ask 1In seeking a comprehensive
nolse-control objective are: Precisely what are the scurces of

noise pollution? How many people are exposed to these sources

and how are they aflfected? What can be done to control the noise

output of offending sources? This report attempts to answer
these questlons for the specifle categories of construction,

home appliances, and building equipment.
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1.1 Source Characterization

The two principal objectives 1n characterlzlng sources are
(1) evaluating nclse levels 1In quantiltatlve Lerms that may be
used to determine the lmpact on people and {2) obtalning the in-
formation needed to assess the nolse reductlon that can be
achileved, Relating measurable aspects of sound to human response
1s difficult atl best. Such impact criteria as speech lnterfer-
ence, sleep interruption, and anncyance depend not only en the
physlcal nature of sound such as level, spectral content, and de- - -
greg of fluctuation but also on the nonphysleal aspects of noise
such as the Information content or Implleations of the sound, A
rattling piece of equipment 1ls often annoying not because of the
nolse level but primarily because 1t indicates a malfunction re-
quiring attentlon.

Several attempts have been made to Include various aspects
of nolse In a single nunber related to annoyance. Most of these
metheods try Lo account for the unequal sensitivity ol the human
hearing mechanisms to different freqguencies and some try to ac-
count for fluctuatlons of level wilith time. A& single number which
accounts rather well for the human ear's relative lnsensitivity
to low and very high Creguency sound is the A-weighted scale.

This welghting has been found to correlate about as well with
annoyance as other indices [7]; 1t 1s quite wldely accepted and
can be read on a meter. In this report, we use A-welghting [dB(A)]
to characterize nolse insofar as Iimpact evaluatlons are concerned.

Noilse spectra are ol far more use than single number ratings
for assessing the conlribution from varlous componenis to total
noise levels. Pure tones associated with integer multiples of
speeds of rotating machinery often appear as ldentiflable spec—
tral peaks. Exhaust noise from an internal combustlon engilne

)
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typically contributes the dominant low~frequency component,

whereas engine structural radiation and turbocharpmer whine usually

generate the high-frequency levels, tHence, where pogsible, we

provide nolse spectra in octave cr one-third octave bands.

Once sources have bheen characteritzed, we evaluate the abnte-

ment potential assoclated with each, Our evaluatlon is based on

a somewhat breoad znalysis of the component contributions and to
a great extent on Judgment developed from experlence with slimilar

sources. PFor example, prior work with Internal combustlon engines

enables us Lo estimate the beneflit achlevable from sftate-of-the-
We estlmate our predictions
A more

art mufflers or engine enclosures.
of achjevable abatement potentlal to be within 2% dB.
accurate. prediction of neoilse reduction weuld require detalled

diagnosis of contributlions from each source g¢omponent and imple-

mentation of experimental nolse--control trcatment.

Because of the large number of sources evaluated (see Sec,
2}, we place much detailed information {e.z., a number of nolse
gspectra for sources whose lmpact 1s small) in Appendix A. In-
¢luded In Appendix B 1s the background to the development of im-

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

1.2 Impact Evaluation

e evaluate the Impact of noise cn pecple, using two princi-

pal measures: 1Intensity and extent, Clearly, 1t 1s important to

know the levels to whlch a person may he expased and the effects
of thils exposure. Thus, once the sources have been characterlzed
and the relation of a listener to the scurce has been postulated,
we estimate the physlologilcal, psycholomical, and socleolopleal
effects of the noise. Tor example, permanent hearinr damge 1s

llkely to oceur for a significant nercentage ol the population
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expesed to levels of 90 dB{A) for eilght hours a day over an ex-
tended period of time. If the exposure time 1s short (e.g., 15
minutes a day), the nolse may or may not contribute to hearing
damage, but during exposure one cannot conduct an Intellipgible
conversatlion. Exposure during evening hours to levels of noise
that exceed approximately 70 dB{A) wlll usually lengthen the time
one requires to go to sleep or willl awaken someone who 1s already
asleep - especially if the noise 1s intermittent and the back-
ground level 15 low.

The extent of nclse impact 1s as Important as the intensity 1n
assessing the magnitude of neise pellution since this measure

‘gives some perspective to the contribution from various sources.

A truly comprehenslve assessment would involve a detailed soecial
survey with extenslve nolse measurements and statistilcally sipg-
nificant samples from every stratum of scciety. Suech a program
weuld no doubt consume millions of dollars and several calendar
years. Clearly, thils approach 1s not feasible in the three-month
time period avallable for this study, nor would it represent an
entirely Justiflable zllocatlion of resources. The goal of deter-
mining the Ilmpact of nolse can be viewed only as an intermedlate
step to solving the actuzl problem: reducing the nolse exposure
of our population. Henee, an order-of-magnitude assessment of
impact 1s probably an adequate gulde to the development of a nolse-
abatement progran. What matters, for example, 1s that approxi-
mately six million workers on nlight shifts and children under
four cannot sleep because of construction nolse. One's approach
to ceonstruction-noise ebatement would probably not be different
1f the figure were two million or ten million. We therefore pro-
vide this impact evaluation; noct by social survey, but by esti-
mating {1) the noise levels to which people are exposed, {2) the
effects of noise on these pveople, and (3) the number of people
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exposed, These estimates are based on measured values of eqguip-
ment noise, data on human response to nolse, statlstles of equip-
ment utllization, and statistiles of population disfributlons.

The impact of construction, apnliances, and bullding equlpment is

discussed Lln Sec. 3.

1.3 Industry Assessment

To bring about ¢ontrol of environmental nolse, the EPA must
have informatlon not only about the technology of abatement but
also about the nature of the 1Industry 1t may be called upon to
influence. An understanding of the pressures for and agalinst
noise control 1s helpful in assessing the extent to which an in-
dustry is likely to institute nolse control measures on 1lts own
and how the industry wlll be affected If 1t is compelled to pro-
duce guleter products. For exampnle, the principal impact of con-
gtruction nolse, other than hearing-damage rlsk to onerators (who

have been amazingly casual ahout their plipht), 1s on the commun-

1ty rather than the purchaser. The communlty has been able to

exert very little influence on the purchaser or the manufacturer,
the result belng that very little has been accomplished in gquiet-
ing construction equlpment. For example, diesel-powered eguipment
is sometimes advertised and sold without even mufflers. A small
number of campanles, however, have begun to produce qulet equip-
ment; they attribute thelr recent success in the marketplace to
certain local nolse legislation and te the threat of such regula-

tlons spreading to other communities.

An example of the effects that ncise regulatlons may have on
buslness comes from the home appllance industry. An air-
conditlioner manufacfturer has Iindicated that certaln marketplace
pressures inhlblt him from implementing additiconal nolse control

in bottom~of-the-~1line items. He arpues that more nolse control

{0



would increase the price of an item,
tive position, If all manufacturers
products quleter (and therefore more
a segment of the population at lower
afford air-conditioners and would he

thereby harming his competl-
were required to make their
costly), one could argue that
income levels could no longer
deprived of that comfort.

By interviewlng manufacturers of construction equipment,
home appliances, and bullding equipment, we obtained their views

of the relevance of nolse control to

thelr business, We found a

substantial difference between the attitudes of people who manu-
facture construction eguipment and those who manufacture appli-
ances., The former, who find practically no marketplace demand
for quiet equipment, are faced wilth 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 qulet appliances and prefer not to see the implementation of
federal standards or labeling reguirements. Chapter 4 of thils re-
port contalns an analysls of the pressures on Industry to reduce
(or not teo reduce) noise levels, its response to these pressures,

its present achlevements, and its potential,
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2. SOURCE CHARACTERIZATION
2.1 Construction Equipment and Operation

Construction has become a majJor 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 aésociated with construectlon projects is more numerous,
and the time épan for construction at a gmlven site has lengthened,
Reéidents'very near a construction slte may well plan on two years
of intolerable noise levels as a high-rise structure is belnr
built, '

In this seetlon, we consider the construetion noilss oroblem
as 1t 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 1s very high, Heavy construction, such as highways and
clvll works, has been omitted from our study because the vast
bulk of this activity occurs in thinly populated areas where the
nolse affects very few pecple. We view constructlon as a pro-
cess that can be categorized according to type and that consists
of separate and distlinct 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-
slon consists of varlious seguential phases which change -the
character of the site's noise output as work progresses. These
phases are discussed further below., In the case of bullding con-
struction, the spatlal character of the site is self-evident; in
the case of sewers and roads, the extent of a site 1s taken, for
reasons explained in Sec. 3.2, to be one standard clty block or
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about 1/8 of a mile. (That 1s, if a city reports 40 miles of
sewer construction, we consider that project as consisting of
220 separate sltes,)

Construction sites are typlecally classlfled in the fifteen
categories In whiech construction data 1s reported by the U.S.
Bureau of Census and varlous state and munleipal bodles. The
vategories are:

+ Residential bulldings:

gne- to four-family
Five-famlly and larger

« Nonresidential bulldings:

Office, bank, professional
Hotel, motel, ete.
Hospiltals and other instiltuflcens
Schools

Public works bulldings
Industrial

Parking garages

Religlous

Recreational

Store, mercantile

Service, repair station

+ Municlpal streets
« Public works (e.g., sewers, water malns).

Mor purposes of allocatlng constructlon effort among the
different types ol siltes, It 1t possible to group the nonresiden-
tial sites inteo four larger categorles which are differentlated
by the cost of the averapge bullding in each category, as well as
by the distribution of erfort ameonm the varlous construction
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phases. These Tour groups, in order of decreasing average cost
per bullding, are:

» Orfice bulldings, hospltals, hotels

+ Sehnols, publie works buildings

» Industrilal bulldings, parkling garages

+ Stores, service:staticns, recrcational bulldings, and
religious bulldings.

Censtruction is carried out in several reasonably discrete
steps, each of which has 1lts own mix of equipment and consequently
its own noise characteristics. The phases (some of which can be
subdivided) are:

¢ Building Construction
l. a., Clearing
b, Demoliticn
¢, Site preparation
2, Excuvation
3. Placing foundations
Y%, a. Frame erectilon
k. Floors and rcof
c. Skin and windows
5. a. PFinlshing
b. Cleanup

« Uity Stregts
1. Clearing
2. Remecving old roadbed
3. Reconditioning old roadbed
4, Laylng new subbase, paving
5. PFinishing and cleanup




+ Publie Woriks
1. Clearing
2, [Excavation
3. Compacting trench [locr
4y, Pipe installation, f1lling trench
5. Finishing and cleanup.

Defining the constructicn phases as above allows us to acw~
count for the varlation in site nelse output with time. By inven-
torying the equipment which ls to be found at each silte in each‘ﬁ
phase, we can derdve 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 constructlon equip-
ment, similarities in the dominant nolse sources and in patterns
of operatilon permit one to assign all equipment to a very limited
number of categories, These catepgories are deseribed below and
are indicated in Flg. 1, together wlth corresponding nolse level
data, Corresponding spectra and the sources of this data are
given in Appendix A,

Equipment Powered by Internal Combustion Engines

The meet prevalent nolse souree in construetion equipment is
the prime mover, 1.,e., the internal combustien engine (usually of
the diesel type) used to provide motlive aznd/or operating power.
Englne-powered eguipment may be categorized according to its mo~
bllity and operating characteristics, as (1) earthmoving equip-
ment (highly mobile), (2) handling equipment (partly mobile), and
{3) stationary equipment.

Earthmoving equipment lneludes excavating machinery (back-
hoes, bulldozers, shovels, front loaders, etec.) and highway

10
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bullding equlpment (compactors, scrapers, graders, pavers, etec.).
Internal combustilon engines are used for propulsion (eilther on
wheels or traciks) and for powering worklng mechanisms {buckets,
arms, trenchers, etec.)., Engine power varles from about 50 hp to
over 600 hp. Engine nolse typlecally predominates, with exhaust
neise usually being most significant and with inlet noise and
structural noise being of secondary ilmportance., Other sources
of noise in this equipment include the mechanlcal and hydraulilc
transmission and actuatlion systems, and cooling fans (often very
significant). Typical operating cycles may involve one or two
minutes of full-power operatlon, followed by three or four minutes
at lower power.

Noilse levels at 50 ft from earthmoving equipment range from
about 73 to 946 dB(A). The greatest and most direet potential for
nolse abatement here lies in quleting the engine by use of im-

proved mufflers,

Engine-powered materilals-handling equipment such as cranes,
derricks, concrete mixers, and concrete pumps, 1s used 1in a more-
or-less fixed locatlon; mobillty of this equipment over the ground
1s not part of 1ts malor work cycle. Although noilse from the
working process (such as the eclanking of aggregate in the concrete
mixing bin) often 1s the most "identiflable" nolse component, the
dominant source of nolse generally 1s the prime mover. Nolse
levels at 50 ft range from about 75 te 90 dB(A). The pgreatest
potential abatement for noise again lles in englne quleting, with
treatment of power transmission and working mechanlsms being of

secondary importance.

Stationary equilpment, such as pumps, electric power gener-
ators and air compressors, generally runs continuously at
relatively constant power and speed. Nolse levels at 50 It range

i2
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from about 70 to 80 dB{A), with pumps typlecally at the low end of
this range. Statlonary equipment, because of 1ts fixed location
and constant speed and/or load cperation, may be quieted more
easlly than moblle egulpment; engine mufflers can he more effec-
tive, and use of enclosures becomes feasible., [In fact, noise
from some alr compressors, has already been reduced by about

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

The greatest near-term abatement potential for all current :
eguipment powered by linternal combustion engines lies in the use
of better exhaust mufflers, intake silencers, and engine encle-
sures (in conjunction with appropriate cooling system and fan de-
sign). Reductions of 5 to 10 dB{A) appear to be achievable,
usually wlthout great difficulty. Practical long-term abatement
[of about 15 to 20 GB(A)}] can probably be achieved by baslc engine
deslgn changes. O course, replacement of the Internal combus-
tion engine by a quieter prime mover, such as a gas turblne or
electric motor, would eliminate the reciprocating-englne noise

source altogether.

Impaet Equipment and Tools

Conventional pille drivers are elther steam-powered or diesel-
powered; in both types, the 1mpact of the hammer dronplng onte the
plle is the dominant nolse component, With steam drivers, nolse
1s also generated by the power supply (a boiler) and the release
of’ steam at the head; with dlesel drivers, nolse 1s also gener-
ated by the combustlon explosion that actuates the hammer. Nolse
levels are difficult to measure or standardize, because they are ;
affected by pile type and length, but peak levels tend to be about :
100 dAB{A) {or higher) at 50 ft.

13



Impact-nolse is absent in the so-called "sonle" (or vibra-
tory) pile drivers. These do not use a drop hammer, but vibrate
the pile at resonance, The noise assoclated with plle vibrations
typlieally occurs around 150 Hz and 1Is barely audible. The power
source, which generaily consists of two gasoline enpines, is the

primary noise source.

Abatement can be accomplished best by substituting use of a
sonlc pile driver for an impact machine where possilble. (Unfor-
tunately, sonle pile drlivers are useful only [lor some solls.)
Impact nolse reduction at the source generally 1s very difficult,
Substlitution of nonimpact tools offers the best practical abate-
ment potential; otherwise, reductlens 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 vowered, but there are also
hydraullic and electric models. The dominant gources of nolse in
pneumatle tools are the hlgh-pressure exhaust and the impact of
the tool bit against the work. Noise levels at 50 ft typically
range from 80 to 97 dB(A).

An exhaust nmulfler on the compressed ailr exhaust can lower
nolse levels from the exhaust by up to about 10 dB(A). Pneumatic
exhaust nolse, of course, 1s absent in hydraullc or electric im-
pact tools. Reduction of the impact noise from within a tool can
be accomplished by means of an external Jacket, whiech can contri-
bute perhaps a 5 AB{A} reduction. Reduction of the nolse due to
impact between the tool and material heing worked upon generally
15 difflcult and requires acoustic barriers enclosing the work

arez and 1ts immediate vieinity. Dependlng on the impacted strue-

tures, such barrlers may reduce nolse by 3 to 10 dB(A).

14
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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 domlnant noilse sources, Because
o' the obvious welpght and slze limitatlons 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 neise from impact tools
consists of using other types of tools to accomplish the same

functions.

2.17.3 Site noise characteristics

To characterize the noisiness — 1.e., the average noise an-
noyance potential — of the varicus types of construetion 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 =ame measure that was used for
simlilar evaluation of traffic noise [8]. The NPL (in dB) is de-
flned as the sum of the A-weighted average sound pressure level
and 2.56 times the standard deviation of the A-~welghted sound
pressure level#*; thus, NPL accounts for the effect of steady
neise, plus the annoyance due to fluctuations,

Although a thorough study relating NPL to 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 baslis of an evaluatlon of domestic and

tA-welghting refers te a standard weighting of the various fre-
quency components, approximating the behavior of human hearing.
The average sound pressure level 1Is computed on the basls of the
time-average rcot-mean-square sound pressure, whereas the stand-
ard deviatlon 1s calculated from the time-variatlon of the dB(4)

values,



foreign social surveys and psycho-acoustic studles, the Depart-
ment of Housing and Urban Development has adopted a set of
Yguldeline criteria" [5] for outdoor nolse levels in resldential
areas as shown in Flg. 2 [¢4]. According to this chart, the com-
munity neise sltuatlon is evaluated by comparing a measured dis-
tribution of A-~weighted levels with the criteria curves, The
situation 1s categerized by the region of least desirabllity

penetrated by the actual noise distribuftion, Sinece thils eriferian

is based on level distributlons, the boundaries between reglions
of acceptabllity may be defined in ferms of the NPL. Thus, the
followlng descriptors of NPL values may be used in Inferpreting
the site noise NPL levels used in the remainder of this report,

Clearly Aceceptable: The nolse cxposure
is such that hoth the lndoor and out-
door environments are pleasant. NPL less than 62 dB

Normally Aeceptable: The noise exposure

is great enough to be of some conecern

but commen building constructions will

make the indoor environment acceptable,

even for sleeping gquarters, and the out-

door environment will be reasonably NPIL between 62 and
pleasant for recreation and play. 7h 4B

Normally Unacceptable: The nolse ex-

posure 1s significantly more severe so

that unusual and costly building con-

struetions are necessary to ensure some

tranquility indoors, and bharriers must

be erected between the site and promi-

nent nolse sources te make the outdeor NPL between 74 and
environment tolerable, 88 dB

Clearly Unaccaptable: The nolse expos-

ure at the site is so severe that the

construction costs to make the indoor

environment acceptable would be pronibi-

tive and the outdoor environment would NPL greater than
st11l be lintolerable. &8 ap

16
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We must emphaslze that these crlterlia have not been officially or

unofficially adopted by HUD or any other pgovernment ansency. They
are presented here solely to enable the reader to interpret NPL
values conmputed in thls report.

The aforementioned averages of nolse annoyance npotentilial
were calculated on the basls of information obtailned on (1) the
number of each ltem of equipment typieally present at a site (in
a given phase), (2) the length of the duty cycles of thls equip-
ment, and (3) the average noise levels during operation. For
purposes of site characterlzation, the nolslest plece of equip-
ment was assumed to be located at 50 £t 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
nocize. (Note that pile driver noise was not included in the NPL
calculatlons, because its repetitive lmpact character makes 1its
Intrusion characteristies diffcront from the more continuous
noises for which the NPL concept was developed.) Clearly, thils
constructlon nolse model is not entirely realistic; however, it
may be expected to fulfill its intended purpcses — that of yleld-
ing at least a relative measure of the nolse annoyance associated
with each type of site and phase for the most adverse conditlons
likely to be associated with each phase.

Table I shows NPLs calculaced for each of five phases for
each of four types of construction. For resldential housing and
public works constructlion, two NPL values are glven in the table;
one pertains to a nolsy [70 dB(A)] background characteristic of
urban condltions, the other to relatively quiet [50 dB(A)] am-
bient conditions found in suburban environments. ASs one may ex-
pect, the values indicated in the table reflect the fact that a
glven intruding noise 1s more annoylng if it occurs in a quieter

environment’,

18



TABLE I-a.
50 dB(A) AMBIENT TYPICAL OF SUBURBAN RESIDENTIAL AREAS

Ground
Clearing

~Excavation

L=}
Foundatlons
Erection

FPinishing

Domestic
Housing
I 11
83 83

B 15

103 122

88 75
8 14

109 111
81 81
10 17

107 124
a1 65
10 9

107 ar
88 72

7 12

106 104

Qffice Build-
ing, Hotel,

Hospital
School, Public
Works
I 11
84 84

7 16
101 123
89 79
6 2
105 85
78 78
3 3
B4 86
87 75
6 2
99 79
B89 75
7 8
107 97

Industrial
Parking Garage,
Religious,
Amusement &
Recreations,
Store, Service

Public Works
Roads & High-
ways, Sewers,

Station and Trenches
I IT . I 11
84 83 81 84
9 16 8 B
106 124 103 1G4
By 71 an 78
6 2 7 3
105 77 106 86
7 77 88 88
4 5 8 8
87 a0 108 108
84 72 79 78
9 7 g 11
107 91 103 108
a9 Th 84 al
7 10 7 8
105 100 101 104

I ~ All pertinent cquipment present at slite.
II = Minimum required equipment present at slte,.

TYPICAL RANGES OF NOISE LEVELS AT CONSTRUCTION SITES WITH A

Energy Average dB(A)
Standard Deviation
NPL

Energy Averapge dB(A)
Standard Deviaticn
NPL

Energy Average dB(A)
Standard Deviatlon
NPL

Energy Averape dB(A)
Standard Deviatilon
NPL

Energy Average JdB(A)
Standard Devilation
NPL



oe

TABLE 1-b. TYPICAL RANGES OF NOISE LEVELS AT CONSTRUCTION SITES WITH A
70 dB(A) AMBIENT TYPICAL OF URBAH AREAS
Industrial,
Parking Garage,
Office Build- Religious,
ing, Hotel, Amusement & Public Works
Hospital Recreations, Roads & High=
Domestic |Schoal, Public Store, Service |ways, Sewers,
Housing Works Station and Trenches
I 11 I II I I I Il
around a4 83 84 84 B4 87 84 84 Enermy Averape dB(A)
Clearin 6 8 6 8 6 8 6 7 Standard Deviation
g 100 103 99 103 101 103 100 101 NPL
88 76 89 79 B9 T4 89 79 Energy Averame dB(A)
Excavatilon 7 5 6 2 7 1 6 2 Standard Deviation
106 88 04 85 w06 77 105 85 NPL
B1 81 78 78 78 78 88 A8 Energy Average dB(A)
Foundations 7 7 3 2 3 3 8 8 Standard Deviation
99 100 85 B5 85 85 108 108 NPL
82 11 85 76 85 74 79 79 Energy Average dB(A)
Erection 6 1 5 1 7 2 2 Ll Standard Deviatilon
97 15 97 79 103 8o B¢ 88 NPL
88 74 85 76 89 75 84 81 Energy Average dB(A)
Finishing 7 i 6 4 6 3 & 6 Standard Deviatlon
106 84 104 86 104 84 100 100 NPL

I — All pertinent equipment present at site.
Il — Minimum required equlpment present at site.
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shown in Table I obviously depend on the pre-
thls medel, the aver-

The NPL values
viously described model of site noise. For
age sound pressure level depends strongly on the one or two nolsil-

est pleces of equlpment, whereas the standard deviation depends

largely on the numbers and duty cycles of the less nolsy egulp-
ment and on the amblent noise level,

As evident from Table I, in building constructien, the in-

itlal ground clearing and excavation phases tend to be the nolsi-
est, the subsequent foundation and erection phases tend to be

soniewhat less nolsy, and the final finlshing phese again tends to

be relatively nolsy. 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 nolsy.

Table II liasts the two nelslest types of 2quipment for each
site type and phase, together with the average A-weipghted nolse
levels (at 50 ft) for this equipment. Inspection of thls table
indicates that rock drills, which typically are the noislest
equipment, are prevalent in the excavatlon and finishing phases;

trucks, on the other hand, are somewhat less nelsy Lhan rock

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

Effect of Equipment Quieting

Te #asess the effect of some quletling stratermles on the pre-

viously described silte nolse model, we recalculated the NPL for

three "strategies" for each type of site and each phase:

Strategy 1:
+ Only the noislest plece of equipment being qulieted by 10
dB(A), with this equipment remaining at the previously
specified 50 £t distance {rom the observer,

21
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Construction Phase

Construction Type

TABLE I1.
Domestic Housing Office Bldgs.
Ground
Clearing Truck (91) Truck (al1)
" Scraper (68) Seraner (88)

Excavation

Foundations

Erection

Finlshing

flock Drilll (9%)

Truck (91)

Concrete Mixer
©(85)

Fneumatic Tools
(85)

Concrete Mixer
(85)

Pneumatic Tools

(85) .

Roelt Drill (98)

Truck (o1)

Rock Drill (968)
(91}

Truci
Jack lammer(88)

Concrete Mlxer

{85)
Derrick Crane

8)

Jack Hammer(88)

Rock Drili (98)
{91)

Trucic

Industrial

(91)
(88)

Truck
Scraper

Roek Dri1ll (98}
(91)

Truclk

Jack Hammer(88)

Concrete Mixer
(85)

Derrick Crane
(88)

Jack Hammer(83)

Rock Drill (98)
(91)

Truck

*Numbers In parentheses represent typleal dB{A) levels at 50 rt,
deflnition of construction types,

NOISIEST EQUIPMENT TYPES OPERATING AT CONSTRUCTION SITES*

Public Works

Trucle

Seranper

Rock Drill
Truck

Truck

Seraper

Paver

Scraper

Truck
Paver

See Table I

(91)
(88)

(98)
(91)

{91)
(88)

(89)

(88)

(91)
(89)

for




AN LT v E T e

AT T Am ey

T Lt

sl

Strategy 2:

* Only the noilsiest plece of equipment belng guieted by 10
dR(A}, with this equipment moved to 200 ft and with the
next nolsiest equipment {unguleted) moved to 50 ft from

the observer position

Strategy A:
+ All ltems of equipment gquieted by 10 dB(A).

The results of these calculatlons are shown 1n Table III,
together with the NPL values previocusly obtalned without any
guleting {Strategy 0}, It appears that guieting only the nolsi-
est piece of eguipment generally reduces the sifte NPL relatively
little, 1f other types of equlpment c¢an alsc operate ngar the
observer (compare Strategles 0 and 2). On the other hand, gulet-
ing the noisiest equipment and letting no others operate near the
observer may result in significant reductlons {compare Strategles
Q0 and 1). Of course, guieting ail eguipment {Strategy A) results
in the lowest NPL values; however, these values are often only
sllightly lower than those obtalned by quleting only the nolsiest
item (Strategy 1)}.

The slte noilse medel used here Inltially assumes the nolslest
equipment to be leocated nearest the observer, If can happen that
quieting the neoisiest equipment, moving 1t away from the observer,
and movlng the second noilsiest egulpment near the observer
(Strategy 2) results In an ineregee Iin the NPL, 1f the second
noislest egulpment is used more frequently than the noisiest,

This peculiarity of the nolse model, where equlpment quleting
seemingly increases the noilse, 1s evident at several places in

Table III, .



TABLE III. NOISE POLLUTION LEVELS IN dB{A) OF CONSTRUCTION SITES,
VARIQUS EQUIPMENT QUIETING STRATEGIES*

Damestic Housing Bﬁ{{;g:q Industrial Public Works

Ambient Urban Rural Upban Urban Urban Rural

shiemdaf 0 12 Ao 1 2 ajo vz alo 12 afo 1zaAflo 124

e

around
Clearing | 1¢0 B8 98 85 |103 91 1ol g4 95 86 96 B5 |10l 87 97 85100 B4 07 85 | 183 97 91 21

Excavatlon {106 93 109 92 [ 109 93 111 100 [ 104 91 105 91 |106 92 103 91 ] 105 91 98 g2 | 106 92 99 95
Foundation | 99 81 B1 82107 86 83 96| B85 Bo oh 76 | B 82 98 76108 87 96 90 [ 108 8y 96 99
Erection g7 B2 88 812|107 105 102 93| 97 84 Bs 85 |103 B8 B4 86| BH B1 Bo 77 | 103 A9 90 8%
Finishing |[106 93 99 92 |106 &3 &9 65 |1ch 91 98 92 (104 91 97 89| 100 89 gk 85 [ 101 8B 95 92

Construction Phase

* See text for site nolse model; see Table I for construction tyne and ambient
nolse definitions.

** 0 — No quleting
1 Noislest equipment, at 50 't from observer, quieted by 10 dB(A).

2 — Nolslest equlpment quieted by 10 dB{A) and moved to 200 ft {'rom observer;
second-noisiest equipment (not quleted) moved to 50 ft from observer.

A — ALl equipment quleted by 10 dB(A}.

e e e

Z¢6le "oN 1Jo0day

"JU] UPERIY pue YBUBAIY 109
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Other Meano for Site Noiase Control

The NPL generated by a construction site also may be reduced

by means other than quletlng the equipment:

+ Replacement of indivldual operatlons and techniques by less
noisy ones - e.g., using welding instead of riveting, mix-
Ing concrete offsite instead of onsite, and emnloying pre-
fabricated structures instead cof assembline them on site.

* Selecting the quietest of alternate items of egquipment -
e.g., electirle instead of diesel-powered equipment, hydraulic
tools iInstead of pneumatic impact tools,

+ Scheduling of equipment operations to lkeep averame levels
low, to have nolsiest operatlons coincide wlth times of
highest ambient levels, and to keep nolse levels relatively
unlform in €ime; also, turning off idling equipment.

* Keeping noilsy equlpment as far as possible frem site bound-

aries.

+ Providing enclosures for statlonary items of eguipment and
barriers around particularly nolsy areas on the site or

around the entire slte.

Equipment Noise Reduction Potential

Table IV llsts the present average nolse levels in dB(A) for
the varicus types of construction equipment discussed previously;
dlso listed are the. nolse levels expected to be achlevable in a
relatively short time, with limited cost and perfermance penal-
ties. 1In éddition, the table shows the most significant nolse
sources for each type of equlpment and assilpns a numerical "usage"
factor to each item, on the baszl:s of which one can assess the
sienlificance of quieting of the varilous iIndividual 1tems. From




TABLE IV, IMMEDIATE ABATEMENT POTENTIAL OF
CONSTRUCTION EQUIPMENT

Noise Level

Faul in dB{A) at 50 ft Important
quipment With Feasible  Nofse
2
Present Noise Controll Sources
Earthmoving
front loader 79 75 ECFIHEH
baclkhoes 85 5 ECFIH
dozers 80 75 ECFIH
tractors 80 75 ECFIW
scrapers 68 8o ECFIW
graders 85 75 ECFIW
truck 91 75 ECFRIT
paver 8¢ 80 EDFI
Materials Handling
concrete mixer 85 75 ECFrWT
concrete pump 82 75 ECH
erane 83 75 ECFIT
derrick 88 75 ECFIT
Staticnary
pumps 76 75 EC
generators 78 75 EC
compressors 81 75 ECHI
Impact
plle drivers 101 a5 WPE
Jack ha mers 88 7 PWEC
rock drills 58 80 WEP
pneumatic tools 86 80 PWEC
Other
SawWs 78 75 [0}
vibrator 76 75 WEC
Hotes:

1, Est!maced levels chtulnable by selecting quleter procedursy or
maehines &nd implementing nolse control features reguiring nc
rajJor redesign or eklreme coat.

2, Tn order of lmportance:

T Power Transmiasion Jystem, f Coolinpg Fan

Gearing

t Engine Casing W Tool-Work Inteprsctlon
£ Engine Exhaust H llydraulten
P Pneumatlc Exhaust I Englne Intake

3. Percentage of time ejuipment 1s opapatling at nelslest mode in
mest uwsed phase on site,
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this table, one may determine thut control of chnsine nolse, and
particularly of cnglne exhaust nolse, wlll affect many ltems of
equipnment with high usage lactors and thus should be esiven hich
nriorlty.

Table V presents a briel llsting of the nolse caontrol tech-
niques appllcable to the sources indlecated in Table IV, topether
with an estimate of' the noise reductions that may readlly bhe

achleved by means of these techninues,

2,2 Home Appliances

The use of convenlent and sometlmes necessary arnlliances
censtitutes a growlng noise problem within the home. Almost with-
out exception, appllances could be silgnilflecantly aguleter., How-
ever, manufacturers offer three primary arpuments for omnosinge
quieter redeslign; they believe
* that the publlc associlates the nolse renerated by a device
wilth its power; ;
« that quleter appliances would be marketed at a prlee dis.- '
advantage and slnece the public has not objected to noise,
that the publie, In general, I1s satlafied;
+ that since appliances are generally controlled by the oper-
ator, the aptlion, as wlth alr condltloners, "to have gulet
or to be cool" 1z "eptilon enough".
Yet, in keeping wlth the publie's mrowlng awareness of nolse,
many appliances are advertised as belng "nolselesgs', "gulat",
"vibratlon-free',

Although many manufacturers have made detalied acoustle mea-

surements of the nolse outpubt of their appliances, very llttle
data has been reported in the open literature. Some of the

27



TABLE V.

Source

Engine
exhaust
casing

fan (coaling)

intake

Transmlssion

Hydraulles

Exhaust
(pneumatic)

Tool--Work
interaction

NOISE CONTROL FOR CONSTRUCTION EQUIPMENT

Probable Hoise

Control Techniques Reduction in dB(A)*
Improved muffler 10
improved desipgn of block 2
enclosure 10
redesign )
silencers, ducts and
muf f'lers 5
sllencers 5
redesipgn, new materials 7
enclosure 7
redesirn, new materials 7
enclosure 10
muffler 510
enclosure 720
change in principle 10-30

*Note that noise reductions are not additive, Incremental re-
ductions can be realized only by sinmultanecus quleting of all
sources of equal strength.
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literature (especially "nonacoustle'" reporting) presents insuf-
ficient Informatlon to enable utillzation of the reported mea-
surements in this study., TFor example, in one report [5], the
noilse levels are described as being "recorded at operator's or
housewife's normal ear distance"; for those appllances not re-
quiring continual operation, the distance from the exposed person
to the appliance 1s not specifled, In other examples drawn from
newspapers, trade journals, and magaZines measurements are not
qualified as to distance f[rom the source, type of Instrumentation,
and weighting network (i1f 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
nolse from thirty types of home appllances 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 helght of & ft; this
measurement posltlon approximates the locatlon of the operator's
ear for theose appliances requiring an operator. For those appli.-
ances not requiring an operator, thils posltlon represents noilse
levels in the vieinity of the appllance. Nolse levels in the
reverberant field of the room in which the appliance 1s being
operated may be on the order of 2 to 3 dB(A) less than the mea-
surement at 3 ft.

Nelse levels 1n adjacent rooms with the Iinterconnecting door
open may be as much as 10 dB(A) less than the levels at 3 't or
as much as several dB(A) preater than the 3 ft levels, dependinrs
upon the detalls of the installation. TFor the appliances that
are used near the ear (e.g., an electric-shaver), the nolse level
at the ear may be &3 much as 10 dB(A) greater than the 3 ft mea-
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curenents.  Floure 3 summarlszes the nolse measurements made by
sl and some of those reported in the literature. #Hach nolnt
rapresents 2 single measurement. Several measurcments are olven
for a single appllance that operaves in different medes. The
50l1ld clreles represent nelse levels rmencrated by Amerlcean apnli..
ancies; forelpgn brands are represented by the squares. Problems
ardlse in evaluatldng thils data because the appllanges were manu-
factured in ditrferent years by diflerent companles, were scat-
tered through thie llnes off'ered by the manufacturers, and may be
providing different reaturcs. For oxample, o recently bullt
refrigerator may be frost-free and may have special devices such
as lce makers; therefore 1t may generate more noise than earlier
refrireratars. Flgure 4 presents octave band speectra for refrims.-
erators thav were manufactured through 1958 [¢] and in 1965,
1967, and 1970 [7]. Holse pmenerated by this sample ol refrirer-
ators demonstrates the problem of data comparison: the unlt that
was old In 1958 was the nolslest, while the 1970 unlt was second
nelsiest, ‘fhe auletest relfrizerator iz the 1965 model, lowever,
there 1s conslderable difference between the physleal slze of the
unlts, and the newer models lngorporate such features automatic
defrost, ice-cube maker, water dlspenser, and humidlifled compart-

ment .

2,2.2 Noise abatement potential

The thirty applliances and eleven sheop tools surveyed exhlb-
ited no apparent acoustieal problems that could not be abated
through the dllleent apnlilcation of nnlse control technolomy.
Achleving a cost-effective solution that can be Incorporated Into
the desipn of an appliance is more difficult but still posszible.
Standard nolse control technlques are readlly avallable; wranplng,
damping, rlexible connectlons, vibratlon isolatlon, better
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balance, and smoother mechanieal connections., Since many appli-
ances have simllar mechanisms, noise control technlques used on

one appllance can often be applied to another,

After reviewlnes the operatine chairecterlstles and mechanleal
properties of appliances, we ranked the nolse scureces In order
ol thelr cvontribution te the tetal nolse penerated by an applil-
ance {see Table VI)., Delfinitive measurements are not availabvle
to enable a quantitative breakdown of the contributlion of in-
dlvidual components. However, in general, motors, fans, knives
(or other cutting blades), and air rlow are the most Crequent
sources of nelse. HNolse radlated from the casing or panels of
the appllances and nolse radlated from walls, fleors, cablnets,
sinks (set into vibratlon by solld structural connectlons) are
also of malor ilmportance.

We review here In some detall the nelse generatling mechanisms
of several appliances that have high snouzh noilse levels and ex-
posure time to be considered annoying, Included in this review
are air econditioners, dishwashers, food wacte dlisposers, vacuum
cleaners, and tollets., Other appliances are discussed 1In Appen-
dix A,

Room Air Conditioners

Figure 5 1s a schematlc view of a typileal room air condl-
ticner, Basically, warm air in the room cr from outslde ls drawn
throurh a dust filter, blown across cold evaporator coils and
distributed back into the room. Fluld in the evaporator, heated
by thilis action, flows to the condenser colls, Outside alr 1s
blown across these coils by the nropeller fan. The fluid 1s then
compressed and flows back to the evaporator,

3
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TABLE VI.

Appliance

Can Opener,
electric

Clothes Dryer
Clothes UWasher
Coffee Mill
Dehumidifier
Dishwasher

Edger and
Trimmer

Fan
Food Blender
Food Mixer

Tood Waste
Disposer

Freezer
Halr Clipper
Hair Dryer

Heater,
electric

Hedge Clippers
Hope Shop Tools
Humidifiler

Source

Air Flow

SOURCES OF APPLIANCE NOISE

Combustion Roar

Compressor

34

Fan
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Gears
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Knives
(Cutting Blad

Motors
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Pump
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TABLE VI (continuued)
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FIG., 5. SCHEMATIC VIEW OF A TYPICAL RQOM AIR CONDITIONER.
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The maJor sources of nolse In this process are the notor,
the blower (evaporator fan}), the propeller fan (condenser fan),
the compressor, and the alr flow across the evaporator coalls. 1In
addltion, paneis of the housing radiate neise, as doces the struc-
ture upon which the air conditioning unlt 1ls mounted. The char-
acter of this nolse 1s complex, consisting of pure tones, vulsat-
ing sounds, intermittent clicks, buzzes and rattles, all super-
imposed on broadband ngise [4]. 'The tonal components and broad-
band noise represent the primary noises that regulre noise con-
trol treatment; for the most part, buzzes and rattles (often
caused by locse parts), Intermittent ¢licks {(caused by sprine
activated thermostat controls and relays), and pulsating nolses
{generated by the caplllary tube and gvaporator 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 revoelutions per second
times the number of pumping cycles per revolution), and (3) the
propeller fan at blade-passage frequency (the speed In revolutiens
per second times the number of blades). Whether or not these pure
tones appear 1n the spectrum heard indcors depends upon the struc-
tural connectlions between the compenents and the enclosure panels
as well as on connectlons to supporting structures. In Filg. 6,
nolse levels measured on a particular unit with the fan on high
speed, with and without the compressor, illustrate this concent;
the inerease in the one-third octave band centered at 63 Hz is
due to a lack of sufficient vibration isclatlon of the compressor
from its case and/or insufficlent lsclation of the casing from

the wall supporting it.
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Broadband nolse ls penerated by the blower, the flow of air
Lhrough the evaporator colls, and the deflection cf the alr into
the room. Often the blower can operate at several speeds; the
3lower the speed, the lower the ncise level from both the blower
and the air flow (see Mg, 7).

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

A more thorough isolatlion of the motor, fans, and compressor from

the casing and of the complete unit from 1ts suppert could result .

in a noise reduction of about % dB in the low-freguency recion
controlled by tonal sounds from these components.

“The broadband nolse generated by the centrifugal blower and
the air flow can be reduced by

+ reducing the alr velecelty by using the low-speed fan (1Ir
maxlmun ecool ls not requlred);

« reduclng the alr veloclty by lnereasing the area of the
evaporator colls (perhaps lnereaslne the total size of the
unit);

+ incorporatling sound absorbing material, such as onen-cell
polyurethane foam, between the evaporator colls and the de-
flection grids and in the duct passase between the blower
and the evaporator colls and the blower and the dust filter;
and

+ tightening the gusketlng system to eliminate rattles.

Broadband nolse c¢an be reduced by 10 to 15 dBE through affective
use aof these technlques, Coupled with more effectlve icolatlon
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of the comwpreaser, motor, and anc, o total neise peductlon of
10 to 15 dB{A) 13 not unreasonible, Perhaps an anpropriate de-

sion geal for hlpgh cool operatlon 1 W0 4i{a) at 3 ft,

Dighuwaahery

A dilshwasher is esgzentlally a tub caqulpped wlth o water sonray
system that 1is driven by n motor-pump assemblyv.  leatine colls
and & blower are provided Lo asslst in the drylng operatlon. A
complete wash may consiot of as many as thirvteen eyeclez: rince,
fill, wash, drain, (111, rinse, draln, 0111, rinoe dealn, 111,
rinse, drain, PFloure # rlots the nolse level In dB{A} as an func-
tlon of operation [3], In this example, the wash and rilnse cycles
are noisier than the draln and 111 eycles by about 8 dB(A).
Figure 9 presents ocitave band measurements nade durlne the wash
eyele on five different dishwashers. The data varles 5 to 20 dbB
hetween the quletest wrd holslest dizhwasher measured In 1971,
depending on the fregaeney hand of dnterest, representing about
10 48(A) dlrference between the qulietest znd the nolulest,
Although the data samnle iz small, this firure also Illustrates,

that some newer dishwashers are nolsler than older cnes.

The nolse penerating mechantsms in a dlshwasher lnclude the
implngement of water apgalnst the zldes and ton of the tub, the
motor, the pump, the excltatlon of nanel casings, structural cone-

neetlons to water supply, water draln and cablinet, and the blower.

Broadband "water nolse" 1z most Important in the lrequency
range above 300 to L0oo Hz; motor-Induced nolse, often pure tones
at the motor rotatlon frequenecy and harmonles thercof, dominate
the lower frequencies. The kick panecl below the loadling door on
a dishwasher installed in a typlecal kltchen-cablnet alsc transmlts

nolse eom Lhe molor enclosure Infto the room,
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Through the use of experimental splash curtalns, which pre-
vent implngement of the water spray on the tub walls, water nolse
has been reduced by 6 to 8 dB(A) [121]. The motor-pump assembly
is often 1lsolated from the tub by rubber mounts; however, the
effectivenass of these mounts can be reduced 1In the installatlon
process by an insufflcient clearance between the motor and the
floor.

Often, the sldes and top ol a dishwasher are brought into
contact with the cabinet. A clearance of 1/2 in. all around the
machines, with neoprene isolatlion pads insuring the clearance,
willl reduce the nolse radlated hy the cabinet as well as the
nolse 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 af acoustiec materilal
in the motor-pump enclosure and a klck panel that is sealed (no
alr leaks) would also reduce the nolse, It is antlcipnated that —
ir

« yater nolse were reduced {(e.g.,, by installing splash cur-
tains);
« effective vibraticn isclation of the motor-pump from the

tub were ensured;

+ gffective vibration isolatlion of the dishwasher housing from
the floor, cabilnet walls and top were ensured;

* rubber hoses were used;

+ acoustical abscrptisn material were installed in the motor

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

the noise levels of a typical dishwasher could be reduced by scme
19 to 15 da(A)}, from a level In the mid sixtles toc one in the low

by
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fiftles. Beeause of Its Intermltiteont operatlion, a ~oal ar 15 to

50 dB{A) at 3 It is probably acceptable.

Food Waate Disposers

Continuous--feed and batch-feed disnnsers are chambers ln
which rood waste Is pround by a motor-driven wheel wlth cuttine
edges. Flgure 10 presents one-thlrd octave band sound nressure
level data for four different disposers., Although the detalls
of the spectra differ, each has a major peak at 1205 iz and sev-
eral minor peaks at hipgher freaquenciles, all superlmrosed on bhreoad.
band noise, The pealk at 125 Hz is prlmarily motor nolse. The
minor peaks can be attributed to the blade-passage I'requency of
the grind wheel, multiples therecf, and resonances in the sink.
The broadband noilse is pgenerated by the sloshlng of water and
waste against the housing of the chamher.

Noilse is transmitted up through the mouth of the dilsposer,
Batch-feed disposers, which regulre the sink cover toc be in place
before cperation, have the potential for beinsg guieter. Contlnu-
ocus-~feed units sometimes have partial rubber closures at the
mouth of the unit (primarily to prevent focd waste from belnm
expelled); lor these closures to be effective in controlling
nolse, they must overlap to shut aoff the entire ovening,

Basle noise control treatments that have been moderately
successful itnelude vibratlon lsolation of the disposer {rom the
sink and the enclosure of the chamber and motor with a double wall
construction., It ls estimated that the nolse levels generated
by disposers could be reduced by about 10 dB{A) with the follow-
ing treatments:

+ effective vibratlon isclation of the disposer from the sink;

« damping of the sinl;

45



8000

4000

2000

1000

500

250

125

63
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz

80
(o]

Q
™ &

10
31.5

NE\ziON 34 8P NI 713A37 3UNSS3dd ANNOS GNYA IAVLI0 GHIHL-3INO

td

SOUND PRESSURE LEVELS FROM FOUR FOOD-WAST

(MEASURED AT 3. ft)

10.

FIEG.




e

ettt oA

debeRLt:

B i Do 4 L L5

o flexible connectlons between the disposer and the draln
pipe, which will also reduce the noise transmitted to other

rooms and/cr apartments;
+ flexlble electrlical connectlong

"+ enclosure of both the grindlng chamber and mobor, with

appropriate ventilation; and

+ effective closure of the mouth of the disposer.

Vacuum Cleanara

Canister vacuum cleaners consist of a tank (either horizon--
tal or vertical) that provides suction, a conneetlng hose, and
appropriate nczzles. Some regcently manufactured canister units
also have powered rotating brush attachments for cleaning car-
pets. Filgure 1l presents sound pressure levels measured in one-
third octave frequency bands for four canlster units. As with
other appliances, the peak at 125 Hz Is motor-induced noilse.

The peaks 1in the 800 to 1600 liz range are probably caused by the
blade.-passage frequency of the blower and/cr resonances of the
unit structure, Throuch the use of better blower deslrn, more
thorough vibration Iselation of the motoer and blower(s) from the
structure, and damping and sealing of the canister structure,

the nolse generated by canister unlts could be reduced by 10 dB(A).

In addition to a motor-blower assembly, upright vacuum
cleaners have a mechanlsm (elther vibrating agltators or rolling
brushes) that beats the ecarpet to bring dirt to the surflface where
1t 1s sucked away. Pigure 12 presents one-third octave band
sound pressure level data for Gwo upright vacuum cleaners -- a
largme unlt with a beating mechanism and a small one without a
beater, RFor the larger unlt, the low Creguency nolse is agaln
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motor-induced. The peaks In the higher lrequency range are
caused by rfan(s} and/or structural radiation. The difference be-
tween the two units In the low-freauency bands 1is due to the dif-
ference 1In capaclty as well as to the laclk o a beater on one
model. DNolse control for upright cleanérs w11l be more difficult
to achieve than feor the canlster units because of the locatlon of
the beater and the llmltatlons on slze. It 1s antielpated that a
5 dB(A) nolse reduction could be achleved on the typleal unit,

WVater Closctsa

Water closets are elther cf the tank type or the valve type
and are elther [loor-mounted or wall-mounted., ¥®igure 13 1llus-
trates the tlme history of the sound pressure level in the 250
Hz octave band for operatlon of a tank water eloset [I2]), Time
Period 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 actlon In the lower half of
the bowl (Time Period B). The valve closes (Time Pericd C) and
the tank and bowl are refllled (Time Period D}.

Pigure 180 41llustrates the time history of the sound pressure

level in the 250 Hz octave band for a flush valve water closet [12].

The wvalve opens (A); air and then water are forced out of the rim
supply (B); the valve closes (C) znd the bowl is refilled (D).

A comparison of these two figures suggests that flush valve water
closets generate somewhat higher initlal nelse levels durdng an
operatling cycle but that the nolse does not persist as long as
wlth tank water closets. Since the character of the scunds is
different, 1t is not clear at this time which would be more de.
sirable,
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Flgure 15 presents peak octave band data for a sampling of
tank water closets and Flg. 18 for flush valve water closets, A
comparisch of these two flgures shows that 1t 1s possible to have
relativeiy nolsy or gulet operation with either type of water
closet provided. For tank water closets, water [low control and
Inlet water pressure are both lmportant variables in the nolse
generated [18]. For flush valve closets, bowl desien was found
to be of major importance, with valve type (exposed flush vs re- ;
cessed flush) and mounting (floor vs wall) of lesser importance,
Resllient mounting of water clesets and plping was found te be
more important for some flxfures than lfor others — e.;., a ranpge
of several dB{A) to 15 dB(A) for valve-operated water closets,

2.3 Building Equipment

The proper operation of large bulldings requires 2 number of
different types of elecirical and mechanical equipment. In this
section, we review the noise levelg pgenerated by electrlical and
mechanlcal equlpment, present noise levels for a typlcal multil-
story bullding, and dilscuss the possibillities of noise control
through architectural modiflecation, Detalled descriptions of
additional bullding equlpment types are given 1n Appendix A,

2.3.1 Types of equipment

The majority of electrical and mechanical equlpment In bulld-
ings 1s used to supply the bullding occupants with a suitable
gquantity of air at a comfortable temperature and moisture content.
In addition, pumplng and plplng systems are used for water and
'luid eirculation, elevators and escalators are used for movement
of persconnel, and various conveyance systems are used for moving
material,
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flapure 17 presents Lhe typleal ranse of sound levels In di(A)
it 3t Tor bulldlng eaulipment. Huch of this equipment 1s hidden
ln meechanleal equipment rooms, above celllnes, 1n walls, or behind
cablnet type exterilor enclosures., Table VII, whlch summarizes
the expusure of veeupnants Lo the rneolse renerated by bullding equipe-
ment, shows thut occupants are directly exrosed to the nolse of only
about elsht different types of coulpment. 'The nolse generated by
these units is thus of speclal Interest since there are no lnter..
vening walls to provlde attenuatlon. The noise renerated by
buildine eoulpment hidden rom view can be sufflelently attenu-
ated through the proper use of current architectural technigues.

In practice, such technlgues are not always lmplemented,

2.3.2 HNoise levels within a typical multistory building

Although detaills of the frequency spectrum are of conslder-
able importance in selecting nolse controcl treatments, the model
presented In this sectlon 15 keyed, for simplificatlon, to
dB(A); 1t 1s not intended thal this method be used [or actual
sltuations, PFilgure 18 presents a cross-section of a multistory
bullding, loeating a typical occupant with respect to bullding
equipment. Figure 19 summarizes the nolse exposure 1n dB(A} of
an occupant to individual sources. The higher level in each case
1s representative of the sound level near the source — e.g., at
3 ft, The lower level ls representative of the level to which
the contribution from a particular source 1ls reduced throuph nro-
per implementatlon of nolse control techniques. The treatments

ineclude;
E — enclosure of nolse source
D — ductwork lined with acoustically absorbing material

W - wall
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TABLE YII. EXPOSURE OF BUILDING OCCUPANTS TO THE
NOISE OF BUILDING EQUIPMENT
Type of Exposure
Building
Equipment tocatfon |Birect [popey Mechani:;?dh?ﬁ:nuqh Waits,
Distribution System |Floors, etc,
Aldr
Corditioning
MER® x x
Roof', Unit X %
Wind, Unit X
Absorptlon
Machines MER %
Alr Compressor KER E
Ballasts Reom X
Bollers MER X
Boller Feed
Systemn MER X
Chillers HER X
Condenners Rooftep %
Cooling
Towers Rooltop X
Derumidifiers MER X X
Diesel Eng. MER X
Diffusers Roem X
Eleotric
Motors MER %
Elevators Variea A X %
Eacalators Varies x X x
Fans MER X X
Room %
Furnaces MER 3
das Turbines HER X
Heat Pumps MER X
Humidifliers MER 2 X
Mixing Boxea
and Air
Contrel Unlts Yaries X X
Pnegumatic
Tpanaporter
dystem Yarles X X
Pumps MER X
Steam Valves MER X
Transformers MER X
Unit Vent and
Urnit Heat Room X

*Mechanical Equipment Room
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R — roof slab

5 — intervening story — e.g., the penthouse mechanical
equipment floor

¥V — vlbration isolation.

Goals for acceptable nelse levels vary with the activities
to be held in a space, If one 1s Interested in increasing the
speech privacy within an office, then a higher noise level of an
apprbpriate spectral shape would be appropriate., OGCn the other
hand, 1f one is performing certain types of tests or listening to
critical soundé, a quleter environment I1s regulred. Throush the
use of ecurrent technology, 1t 1s possible to achleve virtually
any nolse goal, Lf the owner of the bullding is willing to bear
the cost and space requirements of the treatment, Of course, by
speclfying quiet equlpment, the owner may minimize these require-

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

In thls report, the lmpact of nolse exposure upon neonle 1s
evaluated primarily in terms of three direct eflfects and secon-
darlly in terms of a number of Indirect conscquences. The three
major eflfects are hearlnpg-damapgze rlsk, speeech inteprference, and
sleep interference. The ratlonale for emphacizinm these effects
1s twoleold. Flrst, they are amony; the most salient and tanglble
consequences of nolse exposure and thus can be most readlly intepr-
preted in nontechnical terms. Evidence that they are wldely
understood by the publle may be found in thelr frequent mention
in noise complalnts, Seccendly, research on these three effects
has been more extensive than on other nolse eflfects; therefore,

clearer predlctlons can be made wlth greater confidence,

Although the three primary effecets are used to summarize the
major 1mpact of nolse gxposure, bhe indlrect consequences of ex-
posure also demand conslderation, These effects 1nclude physio-
logical stress, annoyance, startle, and task interference. They
are termed "indirect" in that they are not produced excluslvely
hy neise, nor are they simple funectlons of the physical mamnltude
af noilse exposure, Further, relatlvely lli¢tle systematic InfTor-
mation about these effects Ls avallable; thus, specification of
precise levels of nolse exposure leadinm to particular levels of
effect 1s a somewhat speculative matter. However, one may not
assume that these secondary consequences are unimportant merely
because they are difficulf to quantlify.

The followlng table presents the physlcal levels at which 1t
18 relt that each of the above-mentloned eflects of nholse expos-
ure achieves (1) a moderate level of =flect and (2) an appreci.-
able level of effect. The decislons leading to these speciflca-

ticns are dilscussed below.
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TABLE VIIT. ESTIMATES OF MAGNITUDES OF NOISE EFFECTS

[IN dB(A)]

Effect Moderate Leve] Appreciable lLevel
Hearing Damage Risk 70 g0
Speech Interference 45 A0
Sleep Interference ho 70
Physiological Stress ¥ g0
Startle * il
Annoyance o 60
Task Interference 55 75

3.1.1, Hearing-damage risk

The hearing-damage rlslk levels specifled in Table VIII were
selected on the basis of elght hours of dally exposure. FExposure
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 1s cumulative over long perilods of time [23], the
recommendations are intended to account for prolonged nolse ex-

posure over a period of years.

The estimate of the level at which hearinr-damare risk com-
mences was determined on a rather stringent basis, The Walsh-
Healey Public Contracts Act, as azmended to include noise limlts
for hearing conservation, is hased on a CilABA report [14], whiech
permits permanent threshold shifts up to 10 dB at freguencies

¥Effects at low levels are at best weak functlons of the physical
intensity ol nolse. They are determined far more strongly by
factors such as the meaning associated with the acoustlc signal,
attltudes toward the source, rise time of the sipgnal, unexpect-
edness of the signal, and so forth. It therefore makes little
sense to speclfy diserete levels in these cases.
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below 1000 Ilz; un to 15 did at 2000 Hz, and up to 20 dB at [re-
guencles above 3000 Hz., Hearinr losses of these mamnltudes are
consldered lnconsequentinl ln the sense that they are lneligible
for compensation under the terms of the lorlzlatlon. Even these
surprlsingly lax limlts are based on the =estlonable assumption
of a sliteen~-hour dally recovery periud of little or no nolse
exposure [13]. TPurther, the CHABA repor. [747 Lls intended to
alford this partial protectlion to only half of the populatlon ex-
posed to noige., Clearly, these criteris are nelther appllicable
to individual circumstances nor capiable of protectine many peonle

from sizeable hearing losses.

Kryter's published redefinition of the hearlng-damape risk
eriteria [75] malntalns that no permanent threshold shift whatever
Is tolerable at {reqguencles below 2000 Ez and that no more thian a
10 dB shift i{s telerable at hirher frequencies., Kryter also ap-
nlles the protectlon afforded by his definltion to 754 of the
vepulatlon rather than 504, He states that the "threshold" of
hearlng-damare risk ror elsht hours of dally exposure Is 67 dB(A).
Cohen et ai [15]operating under gimllar assumptlons specifly
75 dB(A) as the level at which hearinr-damare rlsk commences,
M1ller [168] belleves that a level of 70 dB(A)} represents a level
of noise exposure above which hearing-damage risk becomes nonnegli-
nible, In Mlller's terminolomy, habltual exposure to levels he-
tween 76 and 30 dB(A) represents yellow (1l.e., cautlonary) risk
of hearing damage. exposure to levels between 8D and G0 dB{A) en-
talls "orange" risk; whlle exposure to levels in excess of 90 dB(A)

involves "rad" (serilecus) rislk,

The estimate of Table VIII for the onset of hearinz-damare
risk agrees with #Miller's estimate, The estlmate of the level
at which appreclable risk of hearinsm damage cccurs arrees both
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with Miller's estimate and the provisions of the YWalsh-Healey Act.
The latter criterlia, based on a report of the NAS-NRC Committee
on Hearing, Biocacousties, and Blomechanices [74], indicates that
eight hours of dally exposure to levels in excess of 90 dB(A)
constitutes a serlous risk of hearing damage to cne~half of the

population.

3.1.2 Speech interference

The levels speclfled in Table VIIL for speech interference
are the most stralghtforward and readily defensilble of 211 of the
estimates. A criterion for adequate verbal eommunication in the
home was taken %o be comprehenslon of 98% of all sentences or an
equlvalent rate of comprehension of 85%4 of the words cof a stand-
ard phonetically balanced (PB) list. In terms of nominal vocal
elfort [approximately 65 dB(A) at a distance of one meter], such
a level of speech intelllglbility would be sustalned at a speaker-
listener distance o' approximately five meters in 2 rnolse baclk-
ground of 45 dB(A) [27]. Five meters was taken to be the maxlmal
distance at which conversation in normal levels might reasonably be
expected to be held in a qulet outdoor (nonreverberant) environ-
ment.* The level of appreclable effect zpecified in Table VIII
was derlved by assumling that nolse~induced speech interflerence
would be intolerable if conversation at neminal levels of vocal
effort were precluded at speaker-llstener distances preater than
one meter, Such condltlons prevall In nolse envircenments In ex-

cess of 60 dB(A) [17].

¥Greater speaker-listener distances would be pessible Indoors at
the same levels of voeal effort and speech intellipgibility, be-
cause sound pressure levels diminish more slowly than predlcted

by the Ilnverse square law.



It should be pointed out that selectlon of the above criter-
lon represents a belief that the 703 comprehension of PR words
suggested by Webster [I7] and Beranek [78] does not provide for a
reazonable standard of communicatlien 1in the home, iebster's erl--
terlon was established for "barely adeguate communicatlon" and 1s
Inappropriately applled to the home environment. The levels re-

commended 1n this repert are thus 6 JdB lower than Yebster's.

3.1.3 Sleep interference

Tvio prinecipal ways in which nolse exposure can interfere wlth

sleep are to delay the onset of sleep and to shift sleep "stases",

Scores of studles are avallable on the sleep-delaying and stase-
shift ef'fects of noise exnosure., Although there 1s frequently
broad agreement among studies, detalled agreement 1s lacklnm,
Diserepancies ameng outcomes of simllar studies are attributable
to incomparable contrel condltions, differences in experimental
design, and the host of Individual differences which beset sleep

research.

ror example, 1t 1s universally observed that the initial
time regulred for subjects to fall asleep increases monotonleally
with exposure to increasing nolse levels. Unfertunately, differ-
ent studiles produce estimates of the sleen-delaylne effects of
nelse that are more than 35 d8 apart. Thus, twe studles repeort
delays 1in onset of sleep from 20 to 90 minutes [28,%20], corre-
sponding to exposure to continuous noise at levels of 35 dB(A)
and 50 dB{A), respectively. Other studles, [£1-23] however, re-
port that subjects can fall asleep in as little as twelve minutes

desplte exposure to noise levels of 70 dB(A),

Further, prolonged exposure to hish nelse levels can preduce
tinnitus (ringing in the ears), which has been claimed to delay
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the onset of sleep [24]. In other words, alftereffects of nolse,
even In the absence of any nolise exposure at bedtlme, can impeda
sleep. It 1s also claimed in the literature that levels as low
as 35 dB(A) can eilther Induee a shift from a "deeper" to a

"lighter" level ol sleep or awaken certaln neople [28]. Pronounced
differences in sensitivity to nolse durlng sleep have beoen observed

as a function of age as well,

An absolute criterion for nolse exposure levels In sleening
guarters is obviously unjJustifiable on the baglis of extunt re-
search. A conservative criterion for noilse exposure (from the
point of view of minimizing sleep Interlerence) misht be based
cn the lowest levels af whlch sleep Interference have been re-
norted., According to the VWilson Report [26), levels of N0 dB{A)
have been known to awaken approxlmately 29% of the sleening
populatlon, while levels ol 4% dB(A) appear to keep about 207 of
the populatlon from flline asleep immedlately., These considera-
tions have led to the adoptlon of 40 dB(A) as a criterion level
for the onset of sleep interference efrects. Accordin~ to the
Allson Repert data, 2 lifttie more than half of the population mmy

be awakened by nolse exposure to levels cof 70 dB(A), while 2 1llttle

lezs than halfl of the populatlon wlll find some dlfficulty in
falllng asleep when erposed to such levels. These data led to
adoption of 70 dB{A) as the level at which sleep Interference

effects become conslderable.

3.7.4 Physiological stress

The amount of stress produced by low-level acoustle slmnals
is primarily determined by their meanlng, A foobtfall In one's
bedroom at night, or a prowlline: animal, or one'c boss's volce can

exclte stress mechanlsms by vivtue of theis lmnllenflons pather

oY




than their physlcal attributes. 8ince it is the learned and Ln-
stinctive assoclations to sounds which are larmely responsible
for thelr ablllty to ereate stress, no level of minimnl effect
has been speclified.

At.high nolse levels o somewhat stroneer case may be made
for specification of & criterlon. Studles cf physioleeleal cor-
relates of nolse-related stress In animals suemest that nolse
levels 1n the vicinity of 90 dB(A) produce strong effects [27].
Pupillary dilatlion, increased pulse pressure and heart rate, and
pulse velume changes have been observed in humans exposed to
noise levels of approximately 70 dB(n) [£28]., There can be little
argument that at even hisher levels nolse stimulatlion induces
stress in and of itself, rather than as an exclusive tunctlion of
its meaning. Extremely intense nolse flelds ean cause audlionry

and bodily pain. Such intense flelds commonly are assoclated with

strong vibrational compcnents, which can also be harmful.

3.1.5 Startle

The arguments abave zhout the relatlve roles of meaning and
levels cof aceustic signals 1in determining stressz also anply to
startle. For the same reasons, therefore, no minimal level of
elfect can be speclfied.

A major obstacle to establishing a firm eriterlon for the
startling effects of high level noise 1s the phenomenon of habil-
tuatlon. In general, humans disnlay a marked decrease 1n sensl-
tivity to repeated exposure to startling sounds, Exnectedness,
regularity, famillarity, arousal level, and numerous other fac-
tors strongly medlate startle effects. BEven at hiesh absolute

noise levels, startle 1s as much affected by slpnal-to-noise ratilo

conslderatlions as 1t 1s by the level of the startline sienal,
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Thus, an exploding paper bag would almost certalnly produce more
startle in a library than in a boiler factory.

The level recommended 1n Table VIII 1s therefore chosen to
represent a nolse level sufficiently rarely heard and of a sirnal.-
to~noise ratio sufficiently great to make a sizniflecant startle
reaction highly probable,

3.1.6 Annoyance

The levels recommended in Table VIII for gauplng annoyance
effects are intended to reflect the lowest level at whlch any of
the other tabled effects can occur. In other words, one is ex-
pected to be annoyed by a nolse sufficlently intense to preduce
sleep interruption, speech Interference, etec.

It 1s, of course, also true that long-term exposuré to very
low level nolses can be annoying. A dripping faucet or a chalk
squealt can be execeptionally irritating. Onece again, however, it
is the meaning of the acoustic signal rather than 1lts level per ae
which plays a major role in determining the magnitude of annoy-
ance. Also, the spectral composition and temporal denslty of
nolse heavlily influences 1ts annoyance value. Unfortunately,
temporal and spectral factors cannot be adecuately exrressed in

dB(A).

3.1.7 Task interference

The llterature on the effects cof nolse on human verformance
econtalns humerous conflicting and inconclusive reports. By and
larpge, high-intensity, aperilodic, intermittent nolse 1s reported
to impede efflclent work to a preater cxtent than low-Intensity,
steady-state nolse [29]. HNonetheless, numeroud studies find no
effects of noise on perfermance, while a few studies find



naradoxical Imnrovements in performance attrlbutable to nolse
exrosure [80). 0Of course, lmpravements in nerformance when an
enviromnent is changed {presumably worsened) are often due to
chunges in the level of attention perceived by the subject and
thelr attendant reactlon. The nature of the task at hand and
Lhe duration of nolse exnosure also influence the extent of task
lnirrference.

Tt is our feeling that the most sensltlve and complex tasks
{of" the nature of braln surgery, dlamond cuttineg, ete.) minht be

sensitive to interference from nolse at levels as low as 55 dR(A).

althourh most publlshed studlies which report task interference
glve levels 1n the viedinity of 90 to 110 dB(A), 1t is f'elt that
certaln tasks mlght rrove susceptlble Co appreciahle interference
at approximately 75 dB(A},

3.2 Construction Noise
3.2.1 Extent of exposure

Our determination of the lLmpaet of constructlon nclse on the
Amerlean publle 1Is based on informatlen obtalned about the number
of' people exposed to such nolse and the extent of thelr exposure,
This information was sathered 1n four steps:

o Yo determined the number of constructlon sites of varlous
types In varlous meographlical rermlons.,

+ Ye determlned the density of people In the georraphleal re-
mlons (two classes cof pecnle were consldered: stationary
population such as workers and resldents and translent popu-
lation such as drilvers and pedestrlans).

+ We postulated a model of sound vroparatlon around a fyrlecal

construction site.
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« We combined the information obtained in the first three
steps wlth the site source level data presented In Sec. 2.1
to determine the number of people exposed to miven levels
of nolse.

For the purpose of rathering and analyzine population and
construction site statistles, we divided the U.S. into five re-
glons. These reglons are based on those deflned by the U.S,
Bureaus of the Budget [37] and of the Census [32]. A key to
understanding the raticnale used for establishing these reglons
is the concept of Standard Metropoclitan Statistleal Area (SM3A).
An 3MSA 1s a group of contiﬁ%ﬁnus countlies which contains at
least one central clty of 50,000 inhabitants or more, or "twin
clties" with a combined population of 50,000 or more. There are
233 8MSAs contalnlng 65% of the nation's population and about 10%
of the land area. The population density 1n the nonmetrapolitan
areas 13 teoo low to c¢reate much construction nolse exposure or
to allew meaningful computation of the exposure that does exist.
This study, therefore, restricts itself to construction occurring
within the SMSAs (see Table IX),

Classification of Conatruction Sitea
As explalned in Sec, 2.1, four major categoriles of construe-

tlon were studled:
* Resldentlal buildings
*+ Nonresildential buildings
+ Municipal roads
+ Publle works

Certaln heavy construction and large civil works, such as
dams and bridges, were omltted because this type of construction
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TABLE

IX. METROPOLITAN REGIONS CONSIDERED IN

CONSTRUCTION NOISE EXPOSURE ESTIMATE;

Large High-Density

Central Citles¥#

Large Low-Denslity
Central Clties

A1l Other SMSA
Central Cities (

Urban Fringe

Met. Area Outsilde
Urban Fringe

#Populatlion figu
Plgures accordi

##Large cities ar
ceeded 1,000,00

High-Denslity:

Low-Density:

STATISTICS AS OF 1970%

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

(12) 22,250 1,468 15,160
(14) 10,530 2,389 hoy1o
186) 25,820 6,981 3,710
9,680 14,707 3,380
22,320 179,276 125

res are extrapeolated to 1970 from 1969 Census

ng to recent pmrowth rates,

e those whose metropolltan area populatlion ex-

0 in 1960.

Baltimore, Bosten, Buffalo, Chleapgo, Cleveland,
Detroit, New York, Philadelphia, Pitisburgh,

San Franciscao, St. Louls, Washington.

Atlarita, Cincinnati, Dallas, BDenver, llouston,
Kansas City, Los Angeles, Milwaukee, Minneapolls-
St., pPaul, Miaml-Ft, Lauderdale, New Orleans,

5t. Petersburg-Tampa, San Diepgo, Seattle~Tacoma.
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rarely takes vlase in heavily populated areas. The residentinig
and nonresidentinl bullding catepories were further snbdlvide:
into speclfie types af bulldingms to account for variations in the
duration of construction and the mixzx of machlnery at dlfferant

kinds of siltes.

The Number of Conustruction Sitau

Data on the annual number of bullding sites on which con-
struction was begur In 1570 was collected from the U.3. Huslnes.
and Defense Services Administratlon [33] and from unpubllshe |
compilations made by the PBurcau of the Census. Data for larpe
central cities and tor the nation as a whole were direchly avall-
able; sltes were as¢ribed to "other centvral elties”, "urh.n
fringe", and "nonurbunlzed metropolltan aren" on the bnsis of
population distributlen, The number of resldentlial aud nonresi-
dentlal bullding sites in the {lve metropolitan-areca replons is
shown in the flrst twe columns of Table X, as well as the aver-
age cosl of construction fol each ease, A more detalled break-
down by type of bullding 1s plven 1n Appendlx B,

Data on total municipal road construction [34] was appor-
tloned among the varlous metropolitan reclons by assumine a cone
stant ratlo of mliles of rcad constructed to miles of road in
place. The number of miles o such work performed In 1969 1s

shown 1in the third column of Table X,

Unllike the case with bulldlngs and roads, data on construc-
tion and maintenance of publle works such as sewers and water
mains l1s not collected on a national basls, The extent of this
construction, therefoere, has been e¢stlmated lrst by determinine
the ratlo of sewer construction to street constructlion for sov-

eral cltles 1in the Boston aren and then by wolne Lhis retio to



TABLE X. ANNUAL CONSTRUCTION ACTIVITY -~ 1970%

Residential MNonresidential Municipal

Buildings Buildings Streets Public Works

Metropolitan Regions ({no. of sites) (no. of sites) {miles) (miles)

Large high-density

central cities 8,708 1,952 273 398

Large low-density

central cilties 21,578 4,903 2,150 3,140

Other central cities 102,559 12,021 6,000 8,700
~ Urban fringe 262,800 30,515 11,800 16,865

Met., area ocutside

urban fringe 118,779 13,758 21,700 31,560

Total 514,424 62,549 1,923 60,653

#
All figures are In thousands,
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estimate the miles of sewer congtructlon nationwide Tor 1970,
These figures are contained in the fourth column of Pable X. A
more detalled descriptlon of thls computatlon ls contained in

Appendix B.

Conatruetion Phases

Construction of buildings and other works 1s carried out in
diserete stages, each of which has 1ts own characteristic mix of
equipment., Becausc of the items of equipment on a slte chanpre
as constructlon progresses, the noise output from the site also
changes with time. As explained in 3ec, 2.1, we have character-
ized the nolse output from each site according to constructlon
phase:

+ Clearing and demolltion

+ Excavation

« Placement of foundatlons

+ Erection of frame, floors, roocf, and skin

¢ Finishing and cleanup.
These phase descriptlons are used [or road and sewer constructlon,
even though the actual operatlons are different from those {or
buildings, so as o allow a consistent analysls of the varlous
types of sites, (See See, 2.1 lfor a more compnlete descriptlen.)
A 1ist of the egqulpment commonly found in each phase ls plven In
Table A-1.

Number of Indiuviduals Frposed

We obtained the number of people exposed to various levels
of nolse Crom constructlon sites by eomblnlne Informatlon on
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population density, the numbeér of sites nctive nper year, and the
sound propagation model deseribed helow,

We revised the population fipures in Table IX, which renre-
sent the residential distribution of the U.S. population, to re-
flect the net transfer [35] of people from suburbs tc central
city durlng the average working day, the perlod when most con-
structlion noise 1s produced. These revised denslty fipures are
glven in Table XI in terms of people per =square mile and people
per one~eighth mile of street (assuminm the entire metropoliltan
area to be divided 1nto city blocks one-elipghth of a mile long).

TABLE XI. GEOGRAPHICAL DISTRIBUTION GQF
WORKING-DAY POPULATIONS

Pecple per

People per 1/8 mile of street
square mile {approximate)

Large high-density

central cltiles 16,650 120

Large low-density

central cities 4,860 o

All other central -

citles 4,070 32

Urban fringe 3,100 24

Met. area outsilde
urban fringe 114

Note that the number of people per city block 1h the metropolitan
area outside the urban fringe ls negligible and therefore 1s dis-
regarded In the following discussions.
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In addition to the working-day populatilon density estimate
glven 1n Table XI, we must also account for the number of passers-
by who are exposed to construetion noise. Since there are no data
on typical driver and pedestrlan distributlons, a definitive esti-
mate of this type of exposure is not possible. We have, however,
made an arder-cf'-magnltude estlmate on the basls eof some survey ;
work performed by the Boston Traffic Department (1970). Although ‘
incomplete, these surveys report seemingly reasonable numbers,
which are therefore offered in Table XIT as preliminary estimates.

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

Drivers and

' Passengers Pedestrians
Large high-~density central cities 3000 1000 i
Large low-density central cities 3000 ' 1000 E
Other central citles 1500 500 E
100 E

Urban fringe 500 |

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

site,
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TABLE XIIT, LEVEL OF ANNUAL CONSTRUCTION ACTIVITY

Number of Sites

Type of Site (National Total)
Residentlal Bullding 514,024
Nonresidentlal 62,549
iunicipal Streets 336,000

Punlic Yeorks 485,000

The level aof exposure to nolse from a construction site de-
pends on one's distance from the slte and the nature o hils 1Im-
medlate environment. In eity streets, 1t has been found experi-
mentally that sound intensity deercases as the inverse saquare of
the distance from the source [3¢]. In leparithmic units, this
amounts to a 6 dB reduction per distance doubled., This model has
heen adopted for open-alr prepagation, which 1s significant 1n
the case of pedestrlians. In addition, a factor of 20 dB{A) at-
tenuatlon has been lncluded {or people who are insilde bulldings
with closed windows and 15 dB{(A) for people inslde cars with
closed windows [37]. Constructlen noise 15 assumed to propagate
along the street adjacent to the site, but to be heavily attenu-
ated in the directlon transverse to the street; 1n effect, only
the people along the street adjacent to the site are affected by
the nolse. A further assumption 1s that the sound is reduced
10 dB(A) when one crgsses a street Ilnteraection [&6].

Uslng these parameters, we illustrate In Flg. 20 a repre-
sentative geometry for a bullding construection site and coentours.
of attenuation for observers. Detalls of the computations in-
volved in constructing this diagram are glven in Appendix B,
Assuming a uniform dilstribution of observers along the sides of
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the street, we can determine the fraction of people withln each
set of attenuatlon contours, These proportlons, whieh are shown
in Table XIV below, apply only to observers in buildings with
closed windows adjacent to the street con which bullding construc-
tion 1s taking place; drivers and pedestrlans move relative to
the site, crossing contours as they go.

TABLE XIV. DISTRIBUTION OF STATIONARY OBSERVERS
RELATIVE TO ATTENUATION CONTOURS

Attenuation Interval Percent pf Observers
26 - 29 dB 15%
29 — 32 dB 35%
32 ~ 35 dB 32%
35 — 40 dB 187

All observers more than 40 dB away from the slte have been
disrepgarded, as they are assumed to be unaffected by the nolse.
The actual number of pecple within each palr of attenuation con-
tours can be obtalned by multiplying the percentages in Table XIV
by the number of people per 1/8 mile of clty street for the appro-
priate metropolitan area (as given in Table XI).

In the case of street and sewer construction, operation is
typleally distributed along the length of the street and cannot
be modeled as a point source. Accordinsly, all the people in
the eighth-mile of elty street adfoininm the site are assumed to
be exposed Lo the same nolse level. This level 1s taken to be
the source level of the slte diminished 20 dB te¢ atcount for at-
tenuation within bulldings wlth closed wilindows.
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The ncolse exposure of pedestrians and drivers cannot be come.
puted by the abeove model, since, as noted above, thelr distance
from the site varies with time. In these cases, we conslder the
peak exposure experlenced by the translent observer. For pedes-
trians, this exposure Is ¢ a8 less than the site source level
referenced to 50 ft; for drivers, it is 20 4B less,

Noise Exposure EKstimates

The abové.figures on obsgcrver densitles, number of sltes,
and attenuation have been comblned wlth the data on average and
peak site source levels presented in Sec. 2.1 to determlne the
number of people exposed to particular levels of nolse. Table XV
shows the national noise exposure of the statlionary population
due to residential buillding, nonresidential bullding, municipal
street, and public works construction. The nolse levels are
broken down into the five phases of construction described above.

To compute expesure of drivers and pedestrians, one multi~

plies the number of people per day passing each slte by the
number of sites. This gilves the number of passersby exposed per
day of site operation. Multiplying thils number by the average number
of days each site 1s operated glives the total annual number of
instances in which an individual passes a construction slite and
1s thus expesed to nolse. For this computation, we use the num-
ber of sltes from Table X and the number of passersby from Table
XII. The duration of constructlon cn the average slte is not
available from survey data but the following fipures are conslid-
ered typical:

« Residentlal bulldings (single-famlly only) — 27 days

+ Nonresldential bulldings and multifamily dwellings — 170 days

« Streets and Publle Werks — 7 days.
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TABLE XV. AVERAGE AND PEAK EXPOSURE LEVELS TO CONSTRUCTION NOISE

Average Levels Peak Levels
Number of People Construction Phase Construction Phase
I Il 111 1V y I il II1 v
RESIDENTIAL BUILDING CONSTRUCTION
1,725,006 56.5 54,5 54,5 47.5 54,5 63.5 70.5 57.5 57.5
h,025,000 53.5 51,5 51.5 44.5 51,5 60,5 67.5 54,5 54,5
3,680,000 50.5 48.5 48,5 41.5 48.5 57.5 64.5 51.5 5l1.5
2,0702000 7.5 5,5 45,5 38.5 k5,5 54,5 61.5 48,5 48,5
11,500,000
NONRESIDENTIAL BUILDING CONSTRUCTION
225,000 56,0 57.5 50.5 51.0 5K6.5 §3.5 70.5 A0.5 60.5
o 525,000 53.0 54.5 MW7.5 kB.0 53,5 60.5 67.5 57.5 57.5
m 480,000 50.0 51.5 44.5 45.0 50.5 57.5 64.5 Sh.5 54,5
270,000 h7.o0 48,5 41,5 4H2.0 47.5 54,5 61.5 51,5 651.5
1,500,000
MUNICIPAL STREET AND PUBLIC WORKS CONSTRUCTION
14,500,000% 63.0 65.0 68,0 5B8.0 &4,0 71.0 78.0 71.0 69.0
FEDERAL AND STATE HIGHWAY CONSTRUCTION
7,000,000% 63.0 65.0 68,0 58.0 64,0 71.0 78,0 71.0 69,0

¥Assuming homogeneous exposure of all people indoors with windows shut,
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70.5
67.5
64.5
61.5

70.5
67.5
64,5
61.5
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The estimated number of oecaslons per year In whleh a drlver aop
pedestrian passes a slte 1s shown In Table XVI below. These
figures do not represent the number of peonle who pass construce
tion sltes, since one person may pass many sltes, or one site
many times. If one dilvides the grand total of Table XVI, 24.7
billlion passings, by the total national metropolltan population

foi 137 million, 1t is seen that the average inhabltant of metro-

politan areas passes‘a construction site approximately 180 times

‘per year.

3.2.2. Impact assessment

-

Determining the 1mpact of constructilicn nolse on people 1is a
multistage process. The procedures by which estlmates of levels
and durations of nolse exposures vere derlved are discussed in
the preceding sectlon (3.2.1). Development of the criteria by
whieh the severity of noise effects are Judged 1s discussad in
Sec. 3.1, In this section, we explicitly comblne the exposure
data with the criteria; Appendix B contains a number of impertant
comments on the inferences which may be prudently drawn from the
findingsireported here,

Table XV of Seec. 3.2.1.and Table XVII of this sectlon provide
an overview of the exposure data as they pertain to impact assess-
ment., The tables contailn Informaticn about the number of people
who recelve primary and secdndary exposure to construction slte
nolse and the levels of noise to which they are exposed in their
listening environments. Estimates ol the duratlon of nolse ex-
posures are also presented ln the tables. The following discus-
sion 1s organized according to strength of impact.
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TABLE XVI. ESTIMATED ANNUAL PASSINGS QF CONSTRUCTION SITES —
ALL METROPOLITAN REGIONS* (MILLIONS OF OCCURRENCES)

Residential Nonresidential Municipal Streets
Buitdings Buildings and Public Works Total
Drivers and
Passengers 8,300 8,160 1,980 18,440
Pedestrians 2,760 2,700 882 6,342
Grand Total 24,782

*A '"passing' is defined as one perscen passing one site by car or foot.
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Speech Interference

Perhaps the single most cbvicus effect of exposure to con-
structicon slie nolse is speech 1interference. Even cursory cxam-
ination of Tabhle XV reveals that 1in almest all phases of construe-
tion, nolse levels assoclated with construetlon activity are
capable of degrading speech comnunicatlon. In many Instances —
specifically, those In which construction noisé produces levels
approaching or exceeding 60 dB(A) in the listening environment -
degradation of speech communlcatilon is severe, When one conslders
that the "average" levels of Table XVII are energy averages, it
is clear that peak levels of construction neilse, although infre-
quent, can preclude speech communlcation completely.

It 1s apparent from Table XVII that for those people who
live or work in the viecinlty of constructlion sites (i.e.,, those
who receive primary exposure to constructlon nclse), the dura-
tion of speech interference elflfects can be cvonslderable, It scems
safe to state that approzimately 3% mlllion people suffer a total
of several hundred hours of speech Ilnterference yearly as a re-
sult of exposure to consfruection slte nolse in the Unlted States.
Approximately 20 mlillion of these people must communicate in
noise environments which seriously degrade speecch Intelliglbilllty

and/or demand sipgnificantly increased vocal effort,

In contrast to those who must endure sueh speech interfer-
ence on a relatively long term basls, 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
nolse for g matter of minutes dally, Although the actual number
of different individuals who pass by construction sites an foct
or in vehicles 1s diffleult to estimate, there are probably on
the order of 25 hillion such brief encounters yearly. The prin-

&8s
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TABLE XVII, ORDER OF MAGNITUDE ESTIMATES OF YEARLY DURATION OF
CONSTRUCTION NOISE EXPOSURE

Source

Primary (Statlonary) Exposure
to Domestic Construction Nolse

Primary (Stationary) Exposure
to All Other Bullding Con-
struction

Primary {Statlonary) Expeosure
to All Other Construction in
SHM3SA Areas

Municipal Public Works

Federal and State Highway
Subtotal
Secondary (Passerby) Exposure

of Pedestrians to Construc-
tion in All SMSA Areas

Secondary (Passerby) Exposure
of Drivers and Passengers (o
A1l Constructicn 1In SHMSA Areas

Subteotal

Number of People

11,500,000

1,500,000

14,500,000

7,000,000

6,342,000,000%

18, 440,000,000%

H

ours of Exposure by
Construction Phase

24

80

8
12

250

Flve m
levels
higher

Thirty
levels
higher

1IroIrr Iv, v
24 4o 80 4o

320 320 480 160

8 16 16 B
12 24 2l 12
25¢ 500 500 250

inutes' exposure to
approximately 30 dB
than those of Table XV

seconds ' expoéure to
approximately 15 dB
than these of Table XV

#These flgures represent the number of annual occurrences of exposure, defined
as the product ©of the number of people exposed and the frequency of thelr

exposure,
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clpal effect of such transient exposure to constructlicen nolse 1s
probably iInterruption of conversation.

Applying state-—of'-the-art nolse reductlon techniques to the
major sources of construction noise could previde a mezaningful
reductlon cof both the severity of speech interference and the
number of people exposed tec speech interference effects. Qulet-
ing all construction equlpment by 10 dB(A) would lower peak con-
struction nolse levels by an equivalent amount and average levels
byfﬁjsomewhat legser amount (due to overlapplng temporal patterns
of Qée). 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} c¢ould be highly beneflecial. 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 nolse would clearly result In even less
speech interference than would a 10 dB(A) reduction, at the re-
sulting levels ccnstruction nolse might well be submerged in
background noise a good part of the time. Additioral reductions
[beyond the first 10 dB(A)] might be necessary for the benefit of

those who operate the equlpment, however.

Sleep Interference

To the extent that constructlon activity and sieep do not
commonly occur during the same hours, construction noelse deoes not
interfere with sleep. However, daytime sleeplng needs of the
very young, the sick, and people working lrregular or night hours,
and emergency and other nighttime construction work must ke taken
into account. The total number of adults so affected by construc-
tion 1s estimated to be about 3 million. Judglng from the ratic
of péople exposed to constructlion nolse to the total population of
the country, apprbximately 15% of the children four years of
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age or younger, or about 2.5 milllon, might alsc be exposed to
sleep interfersnce from constructlon nolse.

The 5.5 million people attempting to sleep during exposure
to construction nolge are llkely to encounter substantlial inter-
ference, Even at relatively great dlstances from construction
sltes, levels in the vieinity of 50 dB{A) are encountersd. Such
levels are capable of significantly lengthening the time required
to rall asleep and of awakening roughly 40% of sleeping persons.

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

Hearing-Damage Risk

The risk of hearing damage from construction nolse for those
not directly concerned with constructlen activity does not seem
very great. In most cases the distance befween the construction
site and people exposed to 1ts nolse and the transmisslon loss of
the bulldings or vehicles are sufficiently great to minimize the
probabllity of hearlng damage, It 13 posslble that peak nolaze
levels from construction sites might present some risk to those
who are frequently in close proxilmlty to the site., The greater
rumber of such people (presumably pedestrians), however, are sub-
Ject only to shert exposure duraticns.

Il state~of-the-art nglse reducticon techniques were applied
to the major sources of construction nolse, exposure levels would
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probably bhe suffleciently reduced to render hearlng damape a remote

risk. In short, construction nolse does not pose a majJor hearing-

damage risk for the publice,

Qther Indirect Effects

Without doubt, a major consegquence of exposure to cohstruc-
Both those who are ex-

long~term basls as well

tion noise for many people 1s annoyance.
posed toc constructlion nolse on a regular,
as those who are exposed to 1t con a transient basls are annoyed
by thelp exposure., Annoyance 1s partlcularly great i the noilse
intrusion frdm the construction slte 15 percelved as unnecessary
or lnappropriate. People who must endure weeks or meonths of
construction nolse exposure may exhiblt some form of habltuation
to the nolse, but despite the commonly expressed attltude toward

noise of "you met used te 1&"™, 1t is doubtful that construction
nolse ever loses all of its annoyance value,

In relative terms, annoyance from constructlon noise nprob-

ably represents less of a problem than annoyznce produced by air-

craft or traffle noilse, MNonetheless, both indlvidual complaint

behavior and community actlon could concelvably result from the
annoyance of expesure to gonstructlon nolse.

One measure formulated te provide some depgree of quantifica-
tion for anncyance due Lo noise cxposure is the Nolse Pollutioen
Table I econtalins NPL's encountered in the Iimmediate
Unfortunately, interpretation

Level [2].
vieinity of constructlon sltes.
of NPL's 1s not a stralghtforward procedure. Relative interpre-

tations of two or more neise sltuations are readilly enough made

through use of the NPL index. Few grounds exlst, however, for

absolubte interpretatlons., It has been supgested that long-term

exposure to nolse levels characterized by an NPL value of 72
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(computed from A-level measurements) 1s "acceptable" [2]. By this
criterion, nolse levels in the immediate vielnity of construction
sites are clearly "unacceptable" on a long-term basis. However,
the bulk of exposure to constructlion noise of such high levels

1s of a transitory nature. Resldents or transients exposed to
construction noise would bhe exposed to levels about 30 dB lower.
Although 1t would be tempting te assert that such exposure (to
NPL's in the range of 60-70) would be marginally acceptable, only
meagel* evidence could be marshalled to sugport_sucﬁ a glﬁimuq -

It is distinectly possible for exposure to construction nolse.
to result 1n task interference. It seems plausible that ameong
the approximately 20 milllon people exposed on a long-ternm basls
to the highest levels of construction noilse (Table XV), some might
be engaged in exactlng manual or mental work which could be sgnsil-
tive to interference. Such tasks might include medical operations,
library use, scholarly activitilies, and the lilke. Unfortunately,
cne cannot quantlify the amounl of task interference produced by
econstruction nolse by applying the usual probedures of estimation
and assumption.

S3imilar comments apply to the potential startle and physlo-
loglcal gtress produced hy expesure to construction noilse. Al-
though startle does not seem to be a very common conseguence of
exposure to construction nolse, Lt is nevertheless possible for
startle to result fram unexpectedly or intermittently high-level
nelse, The sige of the standard deviations of distributlons of
construction neise levels dilscussed In 3ec, 3.2.1 makes the
occurrence of unusually high nolse levels reasonably probable
events,

As for the stressful consequences of exposure to construction
noise, we can offer only Informed conjecture. MNolse-induced
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physlologlcal stress Is known to be cumulative, and expozure to
construction nolse Is only one determinant, Perhaps some of the
pecple who are faced with exposure to construction nolse at work
every day for months must algso face nolsy home environments, F[or
guch people, exposure to constructlon nolse cculd constitute a

major source of stress.

Tables XVIII and XIX summarize the impact of construction
neise on people. A composlite gquantity intended to reflect both
the extent and duration of eXxposure to specific nolse sources was
developed to permlt concise summation. The quantity 1s defllned
as the product of the estlmated number of people exposed to holse
from a particular source and the estimated duratlon of Individual
exposure to the same source, The statlstilc expressing the quan-
tity 4s called (for lack of a better term) the "person-hour',

Extreme cautlon must be used in intererefing flpures ex-
pressed in terms of person-hours, PFirst, flgures so expressed
are lntended cnly as corder-of-magnltude estimates rather than as
preclse guantities. Second, inferences about the equivalence of
number of people and duration of exposure In assesslng psycholog-
lecal or physiological lmpact are completely unjustlfied. Mo com-
pensatory model of numbef of peonle exposed and expoesure duration
1s Intended. Third, comparlson of person-hour fipgures for eipo-’
sure to nolse from one source with person-hour flgures for expc-

sure to holse of another source 1ls without theoretical foundatilocn.

Thus, comparisons of lmpact among different scurcecs exnressed in
commen terms of person-hours should be performed in a fashlen
similar to "additlon" of apples and oranges. In other worda,
inferences about severity of impact may be drawn only withint
person--hour estimates of simllar origin.
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TABLE XVIII, ORDER-OF-MAGNITUDE ESTIMATES OF CONSTRUCTION
NOISE EXPOSURE IN MILLIONS OF PERSON-HOURS PER WEEK

Source

Primary (Statlonary) Exposure to
Domestle Construction Holse

Primary (Statlonary) Exposure to
All Other Bullding Construction

Primary (Stationary) Exposure to
All Other Construction in SMSA Areas

Subtotal

Secondary (Passerby) Exposure to
Pedestrians to All Constructlon 1n
SMSA Areas

Secondary (Passerby) Exposure of
Drivers and Passengers to All
Constructlion in SMSA Areas

Millions aof Person-Hours Per Yeek

he

39

16

101

10

0.3
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TABLE XIX. ORDER-OF -MAGNITUDE ESTIMATES OF IMPACT OF PRIMARY AND
SECONDARY EXPOSURE TO CONSTRUCTION NOISE EXPRESSED IN
MILLIONS OF PERSON-HOURS PER WEEK

Speech Interference* Sleep Interference* Hearing Damage Risk

Noisa Source Moderate Severe Slight Moderate 51ight Moderate
{45-60) (>60) (35-50) {50-70) (70-80) (80-90)

Primary (Station-

ary) Exposure to

Domestic Construe-

tion Nolse vy 2 o

Primary (Station-

ary) Exposure to

All Other Bulld-

ing Construction 38 2 0

11

Primary (Station-

ary) Exposure to

All Other Construc-

tion in SMSA Areas 14 1 0

Secondary (Pass-

erby) Exposure of

Pedestrlans to

Construction in

All SMSA Areas 10 0 10

Secondary {(Pass-

erby) Exposure of

Drivers and Pas-

sengers to all

Construction in

SM3SA Areas 0.3 0 0.3

*Entries in these columns may not be interpreted directly as person-hours of direct
speech or slieep interference {(see text).
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With these restrietions firmly in mind, the reader is refer-
red to Tables XVIIT and XIX for a concise summary of the 1lmpact
of construction nolse on people. Table XVIIT expresses the 1m-
pact of construction noise in terms of millions of person-hours
per week., (It may be useful to bear In nmind that a week in the
United States contains approximately 35 billllen persen-hours. )
Table XIX relates the impact of constructlion noise directly to
the prineipal criterla eof Sec, 3.1 in terms of person-hours per
week. Entrlies for speech interference and sleep Interflerence
eflfects reflect the number of person-hours of potential impact,
which may be iInterpreted as upper bounds.

3.3 Appliances
3.3.1 Extent of exposure

This sectlon 1s concerned primarily wlth power tools and
household appliances whose volume cannot be controlled hy the
user. Therefore, volume-controllable equipment such as televi-
slans, radlos, and stereos are not inecluded, nor are gasollne-
englne powered outdoor equipment and audible signaling mechanisms
{bells, alarms, ete.), It should be noted, however, that non-
econtrollable nolse-produclng devlces cften ralse the background
level of nolse te such a degree that volume-controllable sound
has to be lncreased in level to be heard and, hence, ls more apt
to affect nelghbors. An estimate of the number of noncontrollable
noilse-producing devices belng used in the Unlted States in 1971
1s given 1in Table XX. '

To determline the extent of exposure to home appliance and
tool noise, we gathered three kinds of data: The distribution
of appliances and tools over famlly unlts, the time that the de-
vices are typilcally in use, and the exposure of pecple who are
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TABLE XX. NONCONTROLLABLE HOUSEHOLD NOISE SOURCES (1871} [31]

Wired Households

Complete Plumblng

MaJor Appllances
Refrigerator

Clothes Washer

Vacuum: Cleaner
Clothes Dryer
Freezer

Alir Conditloner

Dishwasher
Food Disposer
Trash Disposer

Other Appliances

Food Mixer

Can Opener
Sewlng Machine
Food Blender

Electric Shaver

Slicing Knife
Floor Peclisher

Power Tocls

Saw, Drilll, ete.

Outdoor Equipment

Electric Mower
Edger
Trimmer

Bullding Equipment

(residentlal)

Fan
Humldifier
Dehumidifier

Number (thousands)

Percent of Homes

62,80C
58,000

62,600
57,600
56,900
25,300
20,000
18,000
14,900
14,500

100

pto]
L¥F5]

PO ML A\DWOW
NWOCO oW
« & a & a2 =

W~ OO ~1\0 o

(introduced in 1970)

51,200
27,100
31,300
19,900
25,000
25,000
10,000

12,500

2,000%
1,000
4,000

50,000
4,600
I,200

81.7
b3, 2
50.0
31.7
40.0
40.0
16.0

20.C

i
=ovn

ch—I O
-] o

#There are approximately 37 million powered mowers I1n use.
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in the home. In eollecting thils information, we found that the
varlables, partlcularly wlth regard to personal behavlor, covered
a very larpge range. We therefore creabted a simplifled model to

show the extent of household nolse,

Data were obtalned freom a variety ol sources. Statistical
informatlon was gellected from geovernment sourzes, such aﬁ the
Bureau of the Census. Of particular help was information pro-
vided by Cornell University's College of Human Ecolégy on domes-
tic living patterns. Industry Informatlon was obtained from .
varlous trade and business publilcatlons., Individual compahy ma-
terlal was used 1n lnstances where the material was applilcable
to the whole Industry and was avallable to the public. Various
organizations representing consumers and home ecanomlsts were
contacted, We also conducted our own survey of applliance use in

20 housenholds.

Appliancen, Tools, and Building Equipment

The dimensions used by Iindustry to analyze houschold 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 dilmenslons are interrelated, we chose only one —
famlly income level - for our analysls., We treat the time that
apnliances are used as a function of the agme of the homemaker
and of the number of school and pre-school children 1n the fam-
ily. Pipure 21 shows the trend toward preater use of home appli-
ances and power tools., Flpure 22 pives the distribution of some
common appliances as a functlon of 1lncome level.

Holse-producing devlees used 1n and around the home are

usually classified as
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« Major Appllances {includinpg clothes washers, clothes dryev:,
refrigerators and freezers, alr conditioners, dishwashers,

vaeuum cleaners, dlsposers, dehumldifilers, and comnactors)
+ Other Household Appliances
+ Power Tools
+ Qutdcor Equipment
+ Bullding Equipment

Other convenient classiflcatlions are based on time mode of oper-
ation (continuous or intermittent) and method of operation {(man- .
ual or automatlc).

Analysis of the noilse-producling bullding equlpment used i1n
homes 1s complicated by interaction of the equipment with the
structure of the house, by do-ilt-yourself modifications of eauip-
ment, and by differences in the adequacy of equlpmeni maintenance,
Slze of housing is also a factor In nolse level., Smaller haousing
units are apt to be noisier because of reverberant buildup of
gound levels, Larger housing units on the other hand, [lrequently
reflecting a higher standard of living, tend to have more appli-
ances and more frequent exposure but lower nolse 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 bullding
equipment, ‘ '

In ﬁeating systems elther the heating source or distribution
system or both are common scurces of noise; however, the number
of factors invelved 1s too great to allow a preclse analysis of
the extent of heating nolse. Electric heating, which 1Is essen-
tlally noiseless,, 1s currently being used by 4.4 million customers,
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(It should be noted, however, that electric heating customers are
llkely to be hlgh users of electrie appliances. Furthermore,
humldity control, ventilating, and/or alr cleanlng, which are
often used in conjunction with electric heatlnpg, require air cir-
culation; therefore, lan nolse 1s present where these additlonal
functions are performed.) The more common heatlng systems pen-
erate burner noise, fan/duct noise (in hot-alr systems), and
plpe, valve, and pump nolse (In hot water and steam systems).

Twenty-one percent of all households have one ar mofe room
alr conditioners. Location ol these alr conditioners {is distrib-

uted approximately [38]:

Lilving Room 35%& Kitchen e
Master Bedroom 27% Playroom hg
Other Bedroom 50 Other 22%

A1l dehumidifiers and many humldiflers are substantial nolse
scurces, TFrequently, dehumldifiers are located In the basement
and therefore direct exposure to the nolse is small, Dehumldi-
fiers are used in 6,7% of homes; humidilfiers in 7.4% [3g].

Living patterns, equlpment installations, etc. are variables
that make 1t difflcult to estimate the extent of plumbling nolse.
The typleal range of tollet [lushes is 10 to 50 per day. Com-
plete plumbing (hot and cold water, bath or shower, tollet) Is
found in 82% of all rental units and in 938 of all owner-occupled
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
appllances, but many are used for Immedlate alr clreulatlon
{i.e,, cooling fans, kitchen fans, ete.).
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Use of Domeatic Appliances and Teoola

The extent tc which appliances are used 1s an important fag-

tor 1In assessing the total noilse exposure. Statlstical informa-
tion is scarce, but we have found the followinp sources useful:

BBN survey (in-depth study of nolse levels and appliance
use in 20 homes).

New_York State College of Human Feolopy, Cornell Universlity
{both published and unpublished data gathered as part of a
1296-household survey of Syracuse, New York).

.Department ol Agriculture information based on studies of
home zctivities {a long-term interest, which 1s now beinp
continued under the Agriculture Research Service Division
of the Department of Agriculture).

Potomae Electric Power Company {an informal survey conducted
by thelr Home Services Department).

Manufacturer's industry Information.

Although many factors affect the range of applliance use,

there 1s a tendency for people in the family-ralsing years to
have 1ncreased incomes, own thelr homes, and possess more appli-
ances. The time a homemaker spends in househeld aetivitles is a
strong function of age, number of children, and the presence of
pre-school c¢hildren, as shown in Table XXI. Table XXII presents
the informatlon on which we base our estimate of typlecal use of
appliances; Table XXIII gilves 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 nolse levels given in Table XXIII,
we present in Fig, 23 a schematic 1llustration of the noise levels
of the two typical househlolds.
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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 [3s]

Hours
ALl homemakersS «.:vevivnraoroann eveees 7.3
Number of children
O ihir e ittt i s e ., b.8
1 o0, e e . 6.8
2 e i e et i et 7.8
T e e TLT
b, e b e e e 8.2
ST~ I < T 8.5
T L0 9 it N , 9.2
Age of youngest child
Inder 1 year ....coveeven tie e . 9.3
BT S < 8.3
2 50 5 YEATS s v e et ‘e 7.7
6 to 11 years .....ovveen. Cee e vees 1.1
12 £0 17 YeaPS it ittt 6.0

Level of Exposure

We have selected two e¢riteria to show different measures of
exposure, A potential exposure represents the number of peanle
likely to be exposed to an appilance and depends solely on an
average distribution of the population and the percentage of
households that possess the particular appllance. A primary ex-
posure is estimated by the normal mode of operatlon, the location
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TABLE XXII. APPLIANCE USAGE SOURCE DATA {TIMES PER DAY UNLESS INDICATED)

Appiiance

Clothes washer?
Clothes dryer
Dishwasher

Pood disposer
Vacuum cleaner

Room azir condltloner
Trash disposer

Food mixer }

Food blender

Can opener

Sewlng machine
Slleing knife

Floor polisher
Electric shaver
Power tools (saw, etec.)
Mower

fNo. of lLoads ' Loads
on One Day Homes

k]

Cornel]l University Data, 1296 Homes*

(N.Y. State College of Human Ecology) ow a
[ 45 Iy = BT
1 [+ LT =
(7] | vo g+
QL Oy oo e
EQ =0 Ty =
o - . Ay
A Number of days in one week ulag
e »oaa which appliance was used, -5_0
oo Soo W ey
a. o : g
LR L L oL -
o= = = ] O‘E
35 38 5 ek
!-: “ A= Qo
8% o 0o 1 2 2 4 5 6§ 7 o=
?2 135 104 167 197 163 163 175 189 2
13 :
30 931 4 5 13 33 25 14 272 2
24 22 lo02 1 5 2 5 3 10 268 6-7
g7 n8 111 211 275 260 164 76 Bo 119 3/wk
17
98 28 277 226 286 207 153 B0 28 39 1=2/wk
3/wk
2

48 3 1161 107 17 6 1 c 0 4

72
] 1 3 5 6 1 8 Ave,
502 210 263 159 82 44 18 6 4 1.50

2—-3 children}

w1~ BBN estimate of use

for family with
3 children

(S IS |

/wic

2/wk
3/wk
2

1/wk
1/wk
1l/mo
1

2/mo
1/9k

*Sample selected to glve equal numbers of homes with different number of children;
‘therefore, sample shows homes with more perscons than national averape.,
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TABLE XXIII.

MaJor Appllances

Clothes washer
Vacuum cleaner
Clothes dryer

Room alr conditioner
Dishwasher

Food disposer

Household Appllances

Food mixer

Can opener
Sewing machine
Food blender
Electrlc shaver
Slicling knife
Floor polisher
Trash disposer

Tools
drill,

Power

Saw, atc,
Mower

Edger

Trimmer

USE OF NONCONTROLLABLE WOISE-PRODUCING APPLIANCES AND
TGOLS IN TYPICAL HOUSEHOLDS

Household No. 2+

12 Adults, family lncome $8,000.

Household No. T¥*
Times Total Times Total
Average Used Per Minutes Minutes Used Per Minutes Minutes
dB{A)' Week? Per Use? Per Week Week Per Use Per Week
64 10.5 30 315 7 3C 210
70 3 30 g0 2 25 50
57 7 30 210
58 (full-time — seasonal)
65 10.5 I 2
7 6 0.2 1
69 2 5 10 3 5 15
69 14 0.2 2
T L 15H 15 0.5% 15 LY
76 3 1 3
64 7 2 14
71 1 1 1
1 10 10
14 1 14
a3 0.5 20 10
1 30 30
a1 0,75 5 I
81 0.25 15 1
*2 Adults, 3 ehilldren (1 pre-~school age), family income $16,000.
'Measurements taken 3 £t from source during BBN househcld survey,
Potomac

2Based on data from BBN survey, Cornell Univ. survey of Syracuse, N.Y., and

Electric Power Company information.
‘Based on average cycle times of current model appllances,
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of the appliance, and the number of operaters and cbservers llkely
to be exposed to nolse when the appllance i1s operating. Table
XXIV gilves these two kinds of exposure for each appliance; Table

XXV relates exposure to income level.

3.3.2 Impact assessment

The estimates of the extenslveness of dlstribution, duration
of exposure, and noise levels of a variety of hulldine eguipment
and home appllances are discussed here with a vilew toward assess-
ing the Iimpact of nolse {rom these sources on people in the home
envirenment. To appreximate the environment in which noises are
heard, we had to adjust the nolse levels from the standardlzed
values used in previous sectlons (i.e., levels recorded at a
measurement positlon 3 ft from the source). Thus, 10 dB was
added to the nolse levels of hand-held appliances, sueh as elec-~
trle shavers, to obtain a fair representation of nolse levels at
the user's ear., 3imillarly, 2 dB was subtracted from levels for
exposure to neise in a highly reverberant fleld, such as a kitchen
or bathroom; 3 dB from standardlzed 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 transmlssion loss of a typieal frame
house to nolse from external scurces (such as powered yard tools).
Levels for about thlrty typleal home appliance and building noise
sources adjusted in thls manner appear in Table XXVI.

Table XXVII classifies the nolse sources discussed in the
previous section of this report into four categories: (1) Quilet
Major Equipment and Appliances, characterized by cperating 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) [32]

Major Appllances

Refrigerator
Clothes washer
Yacuum cleaher
Clothes dryer
Freezer

Alr condlitioner
Dishwasher
Food disposer
Trash disposer

Household Appliances

Food mixer

Can opener
Sewing machine
Foed blender
Electrile shaver
Sileing knife
Floor polisher

Power Tools
Saw, drill, =te,

Outdeoor Equlpment

Electrie Mower
Edper
Trimmer

Building Equipment
{residential)
Fan
Humldiriler
bDehumidifler

147

Potential
Exposure

199
183
181
80
63
60
f[?
I

163
86
100
63
8o
80
32

40

DS RS oy

160
i5
13

Primary
Expasure

70
65
66
28
23
21
17
17

59
31
30
23
25
8o
o

13

=0
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TABLE XXV. ESTIMATED NUMBER OF INDIVIDUALS EXPOSED TO
DOMESTIC APPLIANCE NDISE (MILLIONS — 1965)*

Potential Primary Exposure

Total
Typical Totail Potential Children Persons
Family Income Appliance House- Secondary "Home - Under Night Primary
{($§ thousands) Possessian holds Exposure makers” 6 yrs. Workers Exposed
Under 5 Mostly only 12.6 41 i2.6 2.9 0.6 9.9
essential
5 =10 } Wide variety al.2 71 21.2 6.0 1.0 18.8
10 — 15 of appllances 16.8 55 16.8 5.0 0.8 4.4
15 and over Often most
appliances 12.0 39 12.0 3.8 0.6 1a.5
Total 62.8 200 62.8 17.7 3.0 83.5

*Calculated from average distributions and income iInformation In Ref. 36.
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TABLE XXVI., SOUND PRESSURE LEVELS OF HOME APPLIANCES AND
BUILDING EQUIPMENT ADJUSTED FOR LOCATION OF EXPOSURE [IN dB(A)]

Noise Source

Group I: Quiet Major Equipment
and Appiliances

Refrigerator
Freegzer
Electrlic Heater
Humidifler
Floor Fan
Dehumidifier
Window Fan
Clothes Dryer
Alr Conditioner

Group II: Quiet Equipment and
‘ Small Appliances

Hair Clipper
Clothes Washer
Stove Hood Exhaust ¥Fan
Eleectric Toothbrush
Water Clecset
Dishwasher

Electric Can Opener
Food Mixer

Hair Dryer

Faucet

Vacuum Cleaner
Electrle Knife

Group III: Noisy Small
Appliances

Electrlec Xnife Sharpener
Sewing Machlne

Oral Lavage

Food Blender

Electrlc Shaver

Electrle Lawn Mower

Food Pisposal (Grinder)

Group IV: Noisy Electric Tools

Electric Edger and Trimmer
Hedge Clippers
Home Shop Tcols

Level of Level of Exposure to

Operator People 1n Other

Exposure Rooms
ho 32
41 33
by 37
50 43
51 Uy
52 45
54 47
55 48
55 48
60 ho
60 52
61 53
62 h2
62 54
64 56
64 56
65 57
66 51
66 51
67 &0
68 60
70 62
70 62
72 62
73 65
75 52
75 55
76 58
81 61
84 ]
85 75
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TABLE XXYII. ORDER-QF~MAGNITUDE ESTIMATES QF THE EXTENT AND DURATION OF

EXPOSURE TO BUILDING EQUIPMENT AND HOME APPLIANCES

NOISE SOURCE

Group I: Quiet Major
Equipment and Appliances
Refrigerator

fang

Alr Condltioner
Humidifiler

Clothes Dryer

Freever

Group II: Quiet Equipment
and Small Appliances

Plumbing (Faucets, Tollets)

Vacuum Cleaner
Dlshwasher

Clothes Washer
Electrle Feood Mlxer
mlectric Can Opener
Electric Knife
Group III: Noisy
Small Appliances
Sewlng Machlne
Electric Shaver
Food Blender

Fond Disposer
Electric Lawn Mower
Group [V: Noisy
Electric Tools

Home Shop Tcols
Electric Yard Care Tools

*In millions of persons
+In hours per weel

SECONDARY EXPOSURE*

DurATION T

PRIMARY EXPOSURE* DURATION'
70 25 200 1.0
90 10 i78 5
21 3 Bo 1
5 3 15 5
28 0.5 80 1
23 0.25 a0 0.50
200 2 200 5
L6 1.5 181 1.0
17 5 7 8
65 5 183 1
59 0.16 163 0.10
31 0.03 86 0.02
Lfa) .02 80 G.0L
36 0.25 100 0.10
25 0.25 80 0.10
23 0.02 G3 0.02
17 0.10 he 0.05
2.0 .50 i 0.2%
13 Q.10 o 0.10
5 0.10C 10 0.10
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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
B0 dB{A); and (4) Noisy Eleectric Tools, characterized by nclse
levels in excess of 80 dB(A).

Group I: Quiet Major Equipment and Appliances

Group I contalns the nolse sources to which people are ex-
posed for the preatest lengths of time in the home environment,
Most building climate-control equipment, focd-refrigeration applii-
ances, and clothes dryers fall into thils category. In view of
the widespread distribution of equipment in Group I, it 1s indeed
fortunate that this equilipment 1s among the least nolsy in the
home.,

In general, due to the low levels of nolse produced by equlp-
ment and appliances in Group I, effects of exposure are either
negligible cr mild. MNoise sources 1iIn Group I present no appre.-
¢lable risk of hearing damage under conventional operating coh-
diltions. Under certain condltions, however, these noise socurces
can affect sleep. Of the nolsler sources in Group I, only fans
and alr conditioners are likely to be present in sleeping quar-
ters at night. These devices are characterized by nearly steady-—
state spectra because of thelr continuous operation. Differences
in levels among operating eycles are small, so that peak noise
levels are usually within a few dB of averapge levels. As such,
these devices may delay the onset of sleep, but are unlikely to
awaken many people., They may, In fact, faclilitate sleep for
those directly exposed to thelr nolse, sinee they function as
sources of masking noise which can suppress interference from

other sources.
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The major elfect of exposure to noise from Group I equlpment
is speech interference. Conversations In the immediate vicinlty
of the noisiler sources of Group I would have to be conducted In
somewhat hiligher than normal levels, or at slightly shorter than
normal speaklng dilstances.

The annoyance value of exposure to nolse from Group I appll.-
ances 1s also minimal. The asteady-state nature of thelr amplitude i
and frequently specira are highly conducive to rapld habituation,
Only rarely does one become sufficlently aware of refrigerator
nolse, for example, to become annoyed by 1t., Indeed, It 1z the
nolse sources of Group I whlch define the baclkground nolse en-
vironment of many homes,

Exposure to Group I nolse sources has little or no bearing
on startle and stress. Very few people are startled by the nolse
of thelr alr conditioners or feel menaced by the Implications of
thelr regrigerator's whirring.

Consldering the mlld nature of most of the effects of expo- |
sure to nolse from Group I sources, neilse reductlon is noet an l
urgent need. Many appiiances 1n Group I already operate at or {
near the level of background nelse in the home, so that submerg- f
ing them further into the backpround noilse environment would ?
serve llttle purpose., Those Tew noise sources In Groupn I which :
do produce nolse levels appreciatly above background levels could
probably proflt greatly from approximately 10 dB(A) of quileting.
Such nailse reduction, well within the capabllitles of exlsting
technology, would alleviate the undezlrable effects of nolse ex-
posure f{rom this group of appliances,
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Group II: Quiet Equipment and Small Appliances

Most of the nolse sources of Group II are found 1n many
American homes, although net all of the sources are as common as
the major equipment and appliances of Group I. Noise levels in
Group IT are sufficlently elevated to render certain appreciable
effects, partlicularly speech Interference and annoyance. For-
tunately, the typlecal pattern of exposure Ils an 1lnfrequent, brief

encounter.,

0f the three major effects by whlch nolise impact is gauped
in this report, nolse sources 1n Group II produce only speech
Interference in significant measure. Hearing-damage risk is
negligible, both for operators and for cthers who may experience
secondary exposure. Since most of the appliances in this group
require an operator, sleep lInterference 1s not a serlious conse-
guence of primary exposure. Secondary exposure probably affects
daytime sleeping to some slight extent. Secondary exposure to
plumbing nolse Iin multi-unit residences could concelvably awaken
as many as 35% of sleepers, although habltuatlon probably reduces
the percentage dramatically.

Operators of the appliances in Group II would find speech
communication during operatilion quite difficult; conversations :
would have to be condueted with signifilcantly greater than normal
vocal effort or at very short ranges, and the Intellipglbility of
fi1xed level speech (such as radio or television) would bhecome
marginal. The obvlous mitigating clrcumstances, however, 1is the i
brevity of nolse exposure typilcal of this group of appliances. i
In praetical terms, the most 2lkely consequence of exposure to f
this sort of short duration appliance nolse is5 a temporary inter- :
ruption of cenversation.
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Annoyance 1s the most sipgniflecant of the indirect consequeéences

of exposure to noise from Group II appliances. Whlle the opera-
tor may be summarlly anncyed by the brlef speech interference ef-
fects, people experlencing secondary exposure may be egually, if
not more, anncyed. The anncyance of these people (such as neiph-
bors in multi-unlt residences or other family members in differ--
ent rooms) is conditlicned in part by the Intrusive nature of the
exposure and in par{ by feelings of lack of control of the nelse
source. Feelings of helplessness, exasperatlon, or frustration
are themselves unpleasant and ean produce further annoyanrce.
Should secondary exposure become unduly or unreasonably common,
physiological stress from emotlonal arousal mipght develop.

Primary exposure to the nolse of these appliances 1s not
1ikely to result in much task interference. Thils is true simply
because 1t is the undemandlng and highly practiced task at hand
that is generating the ncise. Exposure to appliance nolse for
pecple other Lhan the cperator could Interfere with certailn
highly sensitive tasks. Generally, however, considering the
usual brevity of exposure, such task interference would be the

exceptlon rather than the rule.

A 10 dB{A) reduction of ncise levels produced by appliances
of Group IX would be a useful and worthwhile endeavor. Many of
the effects of secondary exposure would become negligilble, while
the speech interference elfects for the operator would he con-
slderably reduced. It 1s clear from Table XXVII that the single
most common source of noise exposure in the home 1ls plumbing.
Better design of plumblng fixtures would have a gradual hut
significant effect in making multifamily residences less nolsy.
Sales resistance to less nolsy products (including the much-
discussed "gqulet vacuunm cleaner”} may be expected to dimlnilsh
as the public becomes more noise conscious,
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Group IIr: WNoisy Smali Appliances

The distribublon and exposure patterns of nolse sources in
Group III contlnue the trend observed ln Group II. Group ITI
appliances are found in fewer homes than the appllances of the
preceding group. Exposure to their nolse 1s for equally brlef
perlods at long intervals. Doth of these facfors tend to moder-
ate the impact of the relatively high~level nolse developed by
these appliances.

Hearing-damage risk can no longer be dlsmissed as of minor
importance for this group of noise sources. While 1t iIs true
that averapge exposure ils measured in fractlions of hours per week,
i1t Is very likely that certaln elements of the populatlion are e~
pesed to one or another of Group TII scurce for prolonged perlods
of time.h Home seamstresses, for example, could easily be exposed
to several hours of sewlng machine nelse dally. Yard care spe-
clalists might be exposed to equivalent amounts of lawn mower
noilse. Although even these exposure duratlons would not constl-
tute an Imminent hazard to hearing (in the sense that they weuld
be unlikely to lead to siyeable permanent thresheld shifts for
many years), they would nevertheless hasten eventual hearlng
damage in the context of cumulative exposure Crom many sources.
In Miller's [16] termineclegy, nolse sources in Group IIT would
be rated "yellow" (cautlonary) wilth respect to hearinpg-damape
risk.

Speech Interference Is severe., Operators recelving primary
exposure to nolse sources of Group III would not attempt conver-
satlon during the briel perlods in which the appliances are used,
although communication by shoutlng would still be pessible., 3Sece-
ondary exposure to the nolse of Group TII sources would also
Interfere somewhat with verbal communication. The principal



form of interference, however, would be degradation of speech
intelllipglbility rather than more severe disruptlons of conversa-

tien,

Since appliances of Group III require operators, sleep In-
terference effects of primary eXxposure to thelr nolse are negli-
zible. Sleep interference effects of secondary exposure to this
set of appliance noises alse tend fo be low, both because the
nelse exposure often occcurs durlng hours during which sleep 1s
uncommon and because the very brief pericds 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 lnterfere with family soclal activities and the sleep of
young children.

Annoyance 1s once again the chiel indireet effect ol expo-
sure to noise from Group III sources. The operator hlmselfl may
find the noise signature of the appliance unpleasant, particu-
larly if 1t contains pure tone components or a highly variable
temporal distributlon of levels, Secondary exposure to these
noises is also likely to he annoying, partiecularly 1f the people
exposed to the noise feel that they are derlving none of the
beneflts of the appliance's use.

Task interference, startle, and stress reactions are all
vlausible consequencles of exposure to this sort of neilse. As
usual, however, difficulties in assessing the unexpectedness of
the Intruding signal or the nature of bhackground activity make
preclse prediction of the magnitude of these effects impraectical.

Redueticen of nolse produced by appliances of Group III could
substantially reduce the levels of hearing-damage risk and
speech interference, The operator's annoyance wilth the noise
slgnature of an appliance could also be affected by nolse reduc-

116




e L

R R L T

FLHR AT S

’,
W
K
:
-
il
v
i

tion, but special attention would have tec be pald to the spectral
characteristles of the appllance. All of the effects of secondary
exposure to nolse from this appllance group would be signifilcantly
lessened by a 10 AB{A) reduction of nolse outout levels,

Group IV: Noiay Electrice Tools

Group IV contains the appliances which produce the highest
levels of nolse exposure in the home environment. Considering
the potentially serlous effects of exposure to such levels, 1t
is fortunate that the distribution of sources 1s qulte restricted.
As may be seen from Table XXVII, only about 250,000 electric
yard care tools have been scld, and only about 12 million elec-
triec shop tools are iIn 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 multl-unit

residences.

Hearing-damage risk can be great 1f exposure to the noise
levels of Group IV sources i1s habitual or prolonged. Hobbyists
who engage in regular use of power tools are likely to receive
considerably more than the averapge six minutes per week exposure
neted in Table XXVII. Many such tools (saws, drills, routers,
ete.) are coperated within a few feet of the user's ear, making
nearing-damage risk even more probable. In Miller's (1971)
terminology, such tools can produce "orange" or even '"red" hear-
ing damage risk 1T exposure 1s proleonged. It 1g doubtful that
any major risk of hearing damage 1s encountered in secondary
exposure, owlng to the much lower levels experlenced.

Speech interference effects of exposure to noise of Group
IV sources can be of sufflcient marmnltude to preclude verbal
communication in any form other than shouting directly Into the

L7



curs, Bven the opeech Interforence ol f'cets ol secondary cxposuie
can be preat enough to regqulre conversatlon to be conducted at
high levels of vocal eflort or at very short distances. As wasn
polntad out earlier, however, relatively few neople are aflected
by sueh gsecondary cxposure, and those who are affected are ex-

posed for very hrlet Intervals.

Sleep Interference elfects of eXposure Lo fSroun IV sources
would be quite serlous were the heours of use of Group IV aoppli-
anceg to colnelde with heours of attempted sleep, Primary expo-
sure, of course, 1s not a problem here, but even secondary expo-
sure can reach levels in the vicilnlty of 60 to 70 d4B(A)., Data
from the Wilson report [267 may be Interpreted as predlcecting that
such levels wlll awaken one=half of all sleepers and about one-
third of all pecple would flnd 1t difficult to fall asleep. Use
of electric yard care tools at night 1s unlikely, but home shoo
teols are often used at night.

To the extent that nolse exposure to such high levels ls
vercelived as avoldable or unnecessary, annoyance effects are
probably qulte pronocunced. A nhelphbor's nolse, partlcularly at
such high levels, 1s rarely welccome, The hlegh noise levels pro-
duced by these tools may also interfere with the very tasks the
operators are attempting to accomplisii. I nolse levels are
sufflelently high to mask warnlng sipgnals or other unexpected
acoustic simgns of danper, the safety of the cperator and hils
ef'f'lclency may be compramised., Stress produced through prolonged
exposure to nolse levels characteristic of Group IV tools may be
appreclable, particularily if exposzure is Involuntary.

Consldering the seriousness of the eflfects of exposure to
nelse of appllances In Group IV, appllcatlon of noise rednetion
technlgues 1s wepently necded. Reductlon of nolsc levels'by 2
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little as 10 dB(A) would have immediate benefits in reducing the
hearing-damage risk to the operater and reductlion of the speech
Interference and annoyance-related effects for those recelving

secondary expesure,

Summary of Effecta of Appliance lJoise on People

Tables XXVI and XXVII summarize the impact of appllance nolse

on people in concise terms. Table XXVII contains an account of
the extent and duratlon of noise expasure from all four appliance
groups in terms of millioens 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 flgures eipressed in person-hours.
Table XXVIIT relates person-hours of exposure direetly to the ma-

Jor eriteria of Sec. 3.1.

3.4 Projections of Construction and fAppliance Noise to
the Year 2000

Frojecting conditions to the year 2000 1nvolves a number of
uncertainties, One of these is the exponential rate at which
technoleogy 1s evolving and affecting soclety. As polnted ocut hy
Sir Arthur Clark¥, life in the year 2001 will be as different
from the present as the present i1s frem 1890, Who — in 1890 -
could have reallzed the impact that electriclty and the automo-
bile would have both on 1ife style and on the environment? Tech-
nological innovation, however, 1Is net the only factor to be con-
sidened. One simply cannot acccount for future changes in soclal
attitudes., Although a lfew far-sighted technologists may have
predicted in 1940 the capability to transport passengers at

¥Lecture to the Arlington Library Assocciation, Arlington, Mass.
(Sept. 1970).
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TABLE XXVIII. ORDER-OF-MAGNITUDE ESTIMATES OF EXPOSURE TQ HOME APPLIANCE AND
BUILDING EQUIPMENT NGISE EXPRESSED IN MILLIONS OF PERSON-HOURS PER WEEK

G2l

Speech Interference* {Sleep Interference® |Hearing Damage Risk
Noise Source Moderate Severe | Slight Moderate | Slight Maderate
{4560 ) (>60) ]{35-50) (50-70) 1(70-80) (R0-90}
Group I: Quiet Major Equip-
ment and Appliances
Fans 1200 0 0
Air Conditioner 242 121 0
Clothes Dryer gh 10 "
Humidifier 10 15 0
Freezer 0 0 0
Refrigerator 0 0 0
Group II: Quiet Equipment
and Small Appliances
Plumbing (Faucets, Tollets) 535 267 0
Dishwasher b6l L 0
Vacuum Cleaner 280 0.5 0
Electric Food Mixer 222 1 t]
Clcthes Washer . 215 0.5 0
Electric Can Opener 117 0.2 0
Electric Knife 1 0.1 0
Group III: Noisy Small
Appliances
Sewing Machine 19 G.5 9
Electric Shaver G 1 5
Food Blender 2 0.2 0.5
Electric Lawn Mower 1 1 0.3
Food Disposer 0.5 0.5 0.5
Group IV:; Noisy Electric
Tools
Home Shop Tools 5 2 1
Eleetric Yard Care Tools 1.5 .1 0.4

*Mhese fipgures are not directly interpretable in terms of person-hours of leost sleep or
speech interference {(see text).
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supersonic speeds, 1t 1s doubtful that they could have predicted
that such a technologically feasible system would he abandonded
largely because 1t was expected to make too much neoilse.

Although any long-term predictlons are fraught wilth such
difficulties, one can still make educated guesses wlth a reason-
ahle level cof confidence. Rather than merely extrapolate exist-
ing conditions to the indefinite future, we try to be somewhat
quantitatlve by projecting the impact of construction and applli-
ance rolse on the basis of existing forecasts of population,
famlly size, gross national product, and trends toward urbaniza-
tion. Constructlon aetivities will continue to follow such
growth patterns, although the character of construction may
change significantly with greater use of prefabricated materlals
and the introducticn of new kinds of equipment. Similarly,
ownershlp of appllances has been [ound to be a functlon of famlly
income level, and we use their relationshlp 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 ne change 1n neise
level for a given equlpment or appliance type and consider only
major trends that can be easily identifled.

We use the followlng data, taken from the U.S, Census Bureau,
for projecting the inerease 1n exposure to canstruction and appli-
ance nolse:

1970 2000 Ratio
GNP (billlons cof 1958 dollars) 720 2240 3.2
Tatal Population (milliens) 200 293 1.45
Total Number of Households {millicns) 63 104 1,65
People per Household 3.17 2.8 0.9

121




e e e Ao e e Y E g AT 1 115 K~ ¥ o e s T

3.4.1 Construction activity

Glven the predicted increase in population and in financlal
resources, one can expect falrly extensive building activity.
tHowever, the urban areas have limlted space avallable for new
bullding; thus, the trend is for areas outside those now ldenti.
fled as central citles to become urbanized. Figure 24 1llus-
trates this trend for single-family, multi-family, and nonresl-
dential construction activities. Wlth avallable land becomling
more and more scarce within the central eity, the buillding of
single-family and multi-family dwellings will contlnue to de-
erease sharply. In 2000, we can expect to f£ind approximately
one-third the number of residential constructlon siftes as were
active in 1970. Nonresidentilal bullding 1s expected to iIncrease.
In areas outside the central citles, both resldential and
nonreslidential constructlon should increase sighificantly. Non-
residential buillding activity 1s expected to increase by over 50%
as the present suburbs become urbanilzed. With this general trend
in mind, we use the data given above tc project the expected Iin-
crease 1ipn exposure to noise from construction activitles,

Nonvesidential

We assume that the level of nonregldential constructlon ac-
tivity in any given year 1s proportlonal teo the real Gross Na-
tional Product {GNP) for that year. To rind the nonresidential
construction activity for any particular year, the ratio of the
GNP for that year to the 1970 GNP is multiplled by the number of
nonreslidential sltes buillt in 1970 (Table X). The resulting
total canstruction figures are apportioned between "central cit-
ies™ and "other metropolitan areas" in the same proportions as
occurred in 1970. Desplte the expected decrease 1in total con-
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structlon site within the central city, nonresidential sltes are

expected to Lncrease.

Reaidential

We assume that the populatloh and nopulation density of
central cities will remain at thelr present levels until the
year 2000, and that most residential construction in central
cltiles will be for the purpose of replacling decayed units rather
than for housing new population. The number cof construction
sites will decrease due to the established trend toward an in-
creasling population of multi-family dwellings over sinpgle-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 metropcolitan areas other than suburbs, the number of
unlts constructed in any one year 1s assumed to be proportional
to the population Increase in the previous ten years. To esti-
mate this lncrease, we project the total metropolitan population
by multiplying the prejected total natlonal population by the
estimated proportion of the populatlon llving 1n metropolitan
areas. All the increase in metropolitan areas population for a
particular year ils ascribed to noncentral clty areas.

Foads

A slmple but plausible indiecatlion of road construction ac~
tiviity, is the population level. Clearly additional people will
require addiftilonal roads, the capabllity of rapid transit bhelng
small at present. However, the urbkan areas have limlted space
for new roads, and urban resldents are expressing increasing
opposition to new read constructlon cn prounds of aesthetics,
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pollutien, and the communlty dismemberment concomitant with the-
installation of limited access highways. Thuz, 1t would seem
unlikely that road constructilion willl rise as fast as other mea-
sures such as the GNP, We therefore project the future level by
multiplylng the present level of activity by the ratioc 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 metropolltan areas are assumed to be constant wilth
time — 4500 people/sqg mil for central citiles and 2400 people/sq mi
for cother metropolitan areas. At any one site, people are appor-
ticned to specific transmission loss intervals according te the
method shown in Fig. 20. The resulting exposure to construction
nolse 1ls given In Flg. 25 in person-hours, In this figure, multi-

family residentlal construction has been included with nonresidential

construction, since these types of building activities are quite
simiiar. Note that the number of people exposed to nelse from
single~family dwelling construction declines steadily with time.
'This trend 1s more than compensated for by the rapid increase in
nonresidential and multl-family sites - for which the duration
of consiruction is typleally six times greater than the duratiqh
for single-family houses. Thus, the number of person-hours of
gxposure ls expected to inerease by about 50% In the next 30 years,

3.4.2 Appliance use

We assume that the probabllity of future appliance cwner-f o
ship as a Tunction of income level wlll remaln the same and thatf'
appliance costs will remain approximately the same in current
dollars, With these assumptions in mind, we base our approxima-
tlon of appliance use on projected population, famlly lncome,
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and 1ncome distributlon. This estimatlion 1s likely conservative
as some appliances are continulng to increase thelr acceptance
in all income levels, although thelr growth of acceptance 1is low
at the higher income levels where some appliances have nearly
saturated the market. For theose appliances for which Insuffi-
¢lent information 1s avallable on appliance possesslon at the
various income levels .to make the projection deserlbed above,

we estimate future possession from current marketing lnformatilon
on percentage of replacement sales and on market penetratlon,

In projecting future impact, we estimate that the applilance
usage will remaln approximately at current levels, Supporting
thls assumption is the little deviation shown In average time
spent by homemakers over the last forty years.

Figure 26 {llustrates the Increase in exposure to appliance

neolse by plotting hearing-damapge rilsk and speech and sleep
interference 1n person-hours of exposure. A3 explained In Sec,

3.1, these three effects are among the most sallent and tangible
consequencles of noise exposure and thus can be most readily
interpreted in nontechnical terms. As can be seen on Fip, 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 cf person-~hours dur-
ing which normal conversatlon will be difficuit and people will
he either 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 noise levels produced by constructilon equipment and appli-
ances. However, one should note, when reviewing these projec-
tions, that industries are becoming sensitive to a growlng con-
cern about noise pollution wmong the general populatlon., TFor

129



NORMALIZED BY 1970 CONDITIONS

PERSON HOURS OF EXPOSURE,

F1G. 26,

3.0 ] T
2.5
2.0 /
HEARING DAMAGE RISK
1-5 / /
SPEECH AND SLEEP
INTERFERENCE
1.0
0.5 ! '
1970 1980 1990
YEAR

PROJECTED CHANGE IN EXPOSURE TO APPLIANCE NOISE,

ASSUMING WD CHANGE IN NOISE LEVELS.

fmi
o

2000



g

oy e T

e

o P AL e TR

e

o 3 o R A 4TS

example, construction equlpment has hecome nolsier as it has
bacome more powerful; yet, one manufacturer has developed and ls
marketing a quiet alr compressor. Converscly, refripgerators 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 inflnlte number of vari-
ables, we have assumed no change in neolse levels for both cen-
struction equipment and appliances. We feel that thls method

has resulted in reasonable near-term projections, 1f no nolse
contrel action is taken.
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4., INDUSTRY EFFORTS

4,17 Introduction

Efforts by industry to quiet products are usually
motivated by two factors: market place demand and government
regulation. The consumer can exert pressure onh industry by
electing to buy or not te buy or by selecting a competitive
brand that produces less annoyilng nolse levels. This kind of
"oeopsumer regulatlon' can be very effective — particularly
with regard to appliances -— 1n that manufacturers ars qulelk to
respond to consumer tastes. However, consumer pressure can
also subvert efforts a manufacturer may wish to make; for
example, housewives often assocliate the noise produced by a
vacuum cleaner wilith 1ts abillty to clean — the nolsier the
machline, the more satisfled a homemaker may be wlth 1ts
performance. In any event, the purchaser can apply direct
pressure to the industry.

Publle pressure, on the other hand, is usually very
ineffective. The only recourse for people who do not ocwn the

nolse sources to which they are exposed is to register a

complaint. Such complalnts have no eflfect whatsoaver unless

enough exposed people erganize and c¢oncentrate thelr efforts on

a particular source. This kind of communlty response may
eventually result In government regulatlion.

Our analysls of industry efforts tc quiet construction
equlpment, appliances, and building equipment was organized as

Tollows:

*» We constructed a matrix of commen preducts and
significant manufacturers,
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data

We rank-ordered products as to approximate magnitude
of nolise Impact or need for quletlng.

We rank-ordered manufacturcrs as te thelr importance
in the product area.

We examlned the resultlng manufacturer/product
"intersectlons" with & view toward organizing a
number of Interviews that would cover lmportant
products and leading firms and st1ll be within the
time and effort constraints ol the study.

We developed an extensive interview format both to
pulde the Interview and to provide a standardlzed

method of reporting, ({(Full use of thils 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 1n more detaill.)

Under guldance of the format developed, we collected

subjective data and objJective observatlons; this in-

formatlion forms the basls for representative general-
lzations cilted in thls report.

As expected, the industry i3 concerned about releasing

which might disclose preprietary 1ldeas or expose & com-

petitively sensitive area of operations, Accordingly, identity
of sources is carefully safeguarded herein, Thls need for
corporate securlty has limited our ccllectlon of statistically
meaningful data; the trends observed, however, are clear and,
in themselves, undoubtedly represent the nolse control envireon-

ment

in industry.
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4,2 Construction Industry Efforts

We view the constructlon industry as consisting of two
major sectors: equipment manufacturlng and equipment coperation
(1.e., bullding 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 descrlbes thils sector of the construction
Industry in detail, ldentifying types and phases of site activity
and descrihing the areas in which noise abatement can be
achleved.

The industry has, in fact, done almost nothing to quiet
slte operatlons. Its attitude may be attributed in part to the
faet that quiet equipment has not yet been made available on a
cost-eflfective basls; however, a limlted capabillty does exist
for quietling a slte by relocating or rescheduling equipment,
This sector has not exercilsed its influence as a “consumer" to
bring pressure to bear on the equipment manufacturers, nor has
1t responded to publlc complalints. Hence, regulatory measures
may be the only solutlon 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. In total, these companies offer about

200 different products. For the purpecses ol assessing the state
of nolse control in this sector of the constructlon industry, we

¥Defined by counting separately certain divisioné of larger
firms which have 2z highly ildentiflable product line.
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categorized 48 general types of products that are potentially
significant noilse sources. We group these product types into
three orders of classiflcation: (1) class of nolse problem
anticipated, (2) relation of equipment to function at the site,
and (3) specifiec equipment nhames.

I. Englnes and power trains

A. [Excavating equipment

backhoes
clamshells
. dozers

. draglines

. leaders

. Drippers

. (power) shovels

=1 O s o

B. Highway equipment

1. compacters

2. pgraders

3. pavers

pipe layers
pulverizer/mixers

rollers

rotary borers and drills
scrapers

street sweepers

trenchers and backfillers

O\ =1 Cvn ==

.- o & = & = %

'C. Equipment to handle finished materials

1. cranes
2. fork (and simllar) lifts
3. travel lifts

D. Moblle unlts

l, tractors, crawler
2., tractors, wheel
3. trucks
E. Power suppliles
1. compressors
2. electrlec~-power generators
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ITI.

Interactlon between equipment and materlals {(may
include englnas and power trains)

A.

3,

Miscellaneous (may lnclude sources characteristilc of

Fguilpment to handle bulk materials

1. bins (and hoppers)
2, concrete mixers

3. conveyors

Large impact tools

1. drop nammers
2. pille drivers

Medium impact tools

1. Jack hammers
2. roek (vibrating) drills

Small impact tcols (power)

1. 1mpact hammers
2. lmpact wrenches
3. rilveters

4, stud drivers

Rotary tools

hench drills
grinders
hand drills
. hand saws

. table saws

Viswn -

I and 11 above)

A

Pumps

1., concrete pumps
2. stripplng punps
3. well-polnt pumps

Other

1. burnersg and heaters
?. =&sand hlasters

3. screeds

L4, concrete vibrators
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Two assumptions underlie the termlnolepy selected:
{1} equipment In transit under its own power ls a truck or
tractor, even f{hough when worklng It may be a dozer or g crane,
and {2) classification by functicn at the slte is arbitrary
slnce many types of equipment have several tuses.

Manufacturers of construectlon equipment can be clasisified
according to size/type of equipment produced as

+ large companles produclng larpge volumes of cssentlally
gimilar, large 1tems of machlnery;

+ medium-slze companles producling "eustomized" pro-~
duction runs of more llmlited numbers, usually of
smaller machinery; and

» manufacturers of power hand tocls and pneumatle

equipment.

Our interview program was organlzed te cover the two major
acoustlc source types (prime-movers and power trains) and the
forty-eight types of products and three classes of companles
identified above, We concentrated our efforts on signilfileant
leaders In the Industry and companies producling a wide varlety
of products that have high levels ol nolse output:

+ Of the ten manufacturers Iintensively Interviewed,
about eighty product analyses resulfed.

+ Eight of the flrms produced equipment In which the
prime~mover or power train ls a significant source
of noise; two companies produced only power hand

tools.
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+ Three companies were high~production manufacturers;

seven manufactured custemized equipment.

 Three-quarters of all the products where subjected
to specifilc analysis, covering all sipgnifleant nolse
sources except impact tools and punmps,

+ The ten [irms represent a significant part of the
industry: Of the two thousand firms nominally in
the industry, about twenty comprise the industry
"eore". Eilight of the ten interviewed are part of

this core.

Our overview of the equipment manufacturing induatry showed

that:

1. Large companles closely resemble the Detrolt assembly-
line manufacturing concept. They tend to have large englineering
stalfs and are gulte advanced in thelr efforts toward developlng
quister products. They are aware of the competitlve advantage
of quieting equipment but are also sensitive to price competi-
tion from smaller companies and forelgn manufacturers.

2. Medium-size companles producling "customized" iltems
tend to feel more keenly the competiltlve pressures of the
market place. Competlitilon comes net only from domestle and
forelgn companies but also from other types of equipment that
can perform the same operation. Engineering stafls tend to be
small and product-orlented, interested only in improvements
that incorporate new technolopy (e.g., hydraulle vs mechanical
drive)., Llttle effort has been made toward gquleting products,
with pressures of current and planned nolse control leglslatlion
being passed on to thelr suppllers. They generally have no
plans or see no need for developlnp greater nolse control

tochnology.
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3. Manufacturers of hand power tools and pneumatice
equipment fall Into two categories: Large multiproduct com-
panies which tend to mount considerable R&D elforts and smaller
companies which are not 5o inncovatlve bLut which do follow trends
developed by the larpger companles. HNolce control has been
pursued rather vigorously by these larper coumpanlies as part of
thelr product improvement programs, but elfectlve quleving of
hand tools is dlifflcult because of such practlecal construlnts
as size and welpht.

Our 1n-depth Intervlews revealed that in the past the
industry's concern uwltn rol:e problems has been dlrected pri-
marlly to protection of the equipment operator. The impetus
for this concern came largely from nolse codes Imposed by
forelgn countriles, where some U.S5. equipment has had to be
"reworked" by foreipn distributors., Three of the elght "larie
equlpment® companies interviewed had previously quietcocd equip-
ment to enter European markests, Switzerland and Belrium, for ex-
ample, specify permisslble nolse levels for such machlnery; in
addition, forelgn manuflacturers make quieter machines and set
a competitive pace in forelgn markets. American manufacturers
seem to have met this competition by custom-desipgning equlpment
for export. There 1s an 1mpllcation here, ol course, that
many Amerlcan machlnes marketed abroad have been guieter than
counterparts that were marketed domestleally; however, this
impllicaticon has not been verified by this study.

Half the companles interviewed are currently undertaking
programs to quleft thelr products for the domestlic market feor the
first time. Many of the present programs have been started this
past year and are aimed primarily at protectling operators, so as
to conflorm to impending leglslation/regulation regardlng occupa-
tienal health and safety. Only che of the companies Indlcated
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that purchasers complaln about protection for gperators on their
own Initlative, and only one case emerged where a union had
lodged a2 formal complaint. Six of the eight companlies descrlbed
pressures on hehalfl of operators that coriginated with exlsting

or preposed governmental actilon.

Many manufacturers feel that the efforts they are now
making on behalfl of equlpment operators will pay off in meeting
future nolse limits designed to protect the publie, Perhaps,
one of the moszt promilsing future approaches has been taken by
one of the manufacturers of large equipment, whe has charged
deslgn teams wlth the responsibllity of integrating noise control
into the overall design of hils next generatlon of precducts and
has set up review boards to evaluate new designs from all stand-
points, including nolse.

Four of the eight companles aspecifileally méntioned the
recently enacted Chilcapgo nolse ordinance as contrlbuting to
their specific future objectives. The industry generally antil-
clpates EPA-administered federal contreol; the vislts of our
interviewers relnforced this feeling. Two companles belleve
that preasures for quieting will lncrease wlth time — apparently
as a result of an lnecreasing public awareness of noise as an

environmental pollutant,

Although the industry has become increasingly aware of the
pressures for nolse control and has already made some efforts
in thils area, manufacturers must cope with economle pressures
that argue agalnst nolse abatement. Some companies feel that
the intensity of competition sets the limits on what price the
market will bear., OCne of the 1ndustry's leaders was ccncerned
that purchasers will contlnue using old equlpment 1f prices
rise significantly. Other industry leaders point out that
forelgn-made machines (some of them already qulieted) will enter
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the American market 1 prilces rise appreclably. One company
predicted that a small rlse Ln the price ol truck-mounted con-
crete mlxers would lead to the introduction of alternative
methads for handling concrete dellvery and productlon.

Companles who feel that the demand ror thelr products Is
great enough plan to pass guleting costs onto the consumer,
although csuch threats as forelgn competltilon and alternative
metheds put limits on this process. The guestion here 1ls how
fast the Industry darcs to move. One llimlt on rapld movement
1s prlce competlbidn. One company may be able fo begat 1ts com-
petitors to the market wlth a qulet machine, but 1t does not
dare ralse prices substantially in the face of competition.
Different companies approach thils probdem differently. HMost
express the intention to meet or exceed the competition, but
they feel that any great competitive advantapge they galn
through an all-out effort to quiet thelr products would he shorti-
lived. One company sees its competltion as being extremely
severe, and fears that Lt may not be prepared for the next round
of quieting, while another company has actively launched a pro-
gram designed to produce qulieter machlnes than 1ts competitCors
at lower costs than the competitor wlll lncur.

This company and sone others expressed the concern that
eften accompanies any lndustry leadership; 1.e., a ccmpany may
Invest largme sums in quleting whileh wlll thus lncrease the cost
of products, while another company that refuses to gulet pro-
ducts keeps it prices low and may successfully challenge hoise
regulation in the courts.
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While all companies regard cost as an immediate — and
perhaps as the ultimate — constralnt, two other constralnts
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; l.e., more time for

‘development would reduce the cost of competlition, allowing

quieting techniques to be integrated into plarnned engineering

‘efforts and to be an Integral part of the seasonal pregression

of models. The very company that 1s setting out to achleve the
most quileting for the least cost is the one that feesls that
technology will eventually supercede cost as the prineclpal

. factor that limits quileter equipment.

At another firm, the technlcal limitations are spelled out

" in terms of: (1) loss of equipment power through lncreased

muffling; (2) increase in the difficulties and cost of main-
tenance; {3) fire hazards through using insulating materials
that can becone oil-soaked; (4) unsafe operation by suppressing
or distorting the neise "signals' upon which operators depend
for safety; and (5) ineffectlive operation, by disturbing these

‘same "signals', thus hindering the abillity of the operator to

tell how effectively he 1s operating.

The 'industry also veoleced concern over the feasibility of
nolse abatement where equlpment and materials being worked
interact to become prominent sources of nolse; e.g., concrete
mixers (where the structure may be the nolse radiator}; Jjack

" ‘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 pile drivers {where both the structure
and the media may bve significant sources). This "interactlon"
type nolse source may be very difficult to qulet.
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However, no flrm interviewed condemned nolse limits out-of-
hand, nor did they deny their inevitability. Si1x of the eipght
companles expressed the opinlon that unless they quleted thelr
products, thelr markets would disappear. TFeelings varied from
acceptance of lnevitable reality te enthusiastic approval of the
trend.

During the course of this study, members of the BBN team
were actively engaged 1in the regulatory elforts of three cities
and one state — Boston, Chicage, San Franclisce, and Illinoils.
This work provided an inslght into the mechanism of regulatory
control from outside the constructlion Industry. In addition,
discussions were held with the Construction Industry Manufac-
turer's Assoclation (CIMA) to obtain information about controls
wilthin the industry.

There are potentially four levels of regulatory bodles
outside the 1lndustry: federal, state, city/town, and
specialized local departments (elty departments of health, alr
pollution control, zoning/building, ete.). The regulatory power
exercised by these bodies 1s generally graduated into four sfteps:
general standards (setting goals), enabling powers {granting
power to a lower bedy), specific regulations (agalnst whieh are
Judged infractions), and procedures (for measuring performance).

The target of the regulatory powers 1s either basic
equipment performance (l.e., nolse of new equipment as sold by
manufacturer) or equlpment operation’{e.g., total nolse emitted
from a site). Regulations are usually ailmed toward protecting
{1) health {as in the hearing-protection section of the Federal
Publle Contracts Act) and (2) environmental quality {(as In the
construetion site operating limits proposed for the cilty of
Boston).
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No flxed pattern has yet emerged whieh interrelates the
regulatory bodies, nature of powers, targets, or degree of
pretectlon. Current activity at all levels, however, has
alerted the industry that contrels are imminent. One signifi-
cant set of controls already in exlstence limits the noilse
from new constructlon equipment sold 1n Chilcago; dual controls
are belng proposed 1n Boston, to limit site operation noise and
to restrict nolse from new equipment. Enabling legislation
exlsts {as in the Jeneral 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
phileseophy is impressed on the industry, and its effect is
inereasingly noted in the carryover of standards lnto new
federal occupational health and safety leglslation.

In summary, the regulatory hodies outside the construction
industry have begun to exercise scme Influence in the area of
noise abatement.

CIMA and the national standards-setting bodles of ASTM/SAE
are both actlvely addresslng the precblems of measuring equipment
nolse and recommending quieting standards. The equlpment
manufacturlng industry would 1like to coordinate its activities
with those of 1ts closely related standards-setting bodles
{see Appendix B for discussiocn of a paper prepared by CIMA).
Self-regulatlon via Industry-initiated standards ls presumably
somewhat hindered by federal anti-trust provisions.

As yet, no broad controls have been established. It 1s
assuned that the example set by the Clty of Chlcago equlpment
noise ordinance will stimulate other similar azction,.eventually
resulting in a proliferatlion of standards put forth at the loeal
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level. As an alternative, the industry would welcome one
comprehensive overrlding standard. However, some anxlety was
expressed as to the reasonableness of future legislation,
specifically that suflicient flme would not be allowed to con-~
form to such a standard. Typlical new product lead-times are
on the crder of five years. Industry belleves 1t could meet
nolse goals without excessive cost to the consumer, 1 glven
anough time.

In general, 1t appears that industry is aware that 1t will
be lorced to comply with ever-tlghtening noise standards. While
this fact seems to worry everyone to some extent, most manu-
facturers are confident that they wlll meet the limlts set by
current and anticlpated legislation/regulations/standards. In
faet, all but one of the companies interviewed stated their
neise control goals in terms of such limits, freguently specl-
fying elther the levels stated In the Walsh-Healey Fublic
Contracts Act for operators or those set [orih by the Chicago
ordinance for publlic exposure.

Early abatement efforts made by the manufacturers have been
highly successful; thus, the industry ls somewhat optimistic
about its abillity to cope with pressures for noelse control.

However, 1t 1s Ilmportant to note that the industry has begun !
with the most obvious and the easlest 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 attltudes, maklng

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 conslstling of two major sectors: owner-controlled
appllances and major bullding equipment (such as heating and
plumbing systems In multifamily dwellings). We continue this
division, since (even though certain large companlez produce
both types of equlpment) the nature of the marketlng and of
the pressures for nolse contrel are quite different.

4,3.1 Building equipment

The gquleting of building equilpment involves the contribu-
tions and decisions of an Interdependent chain that consists of
owner, regulatory body, architect, engineer (both mechanlcal and
structural), equipment, and manufacturer. For purpocses of ana-
lyzing industry pregrams, three sectors of thls network are
slgnificant: (1) the equipment manufacturing sector; (2) the

design seector, and {3) the control sector,

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

of design, budget and technleal performance,

Manufacturing Sector

Manufacturers of bullding environmental control and services
gquipment are currently aware of the slgnillcance of guletlng
thelr products; they realize that they have a role to play in
quieting at the source. The panufacturer does not have complete
control over the quieting of the finlshed system; here, he ls

dependent on the architect and the mechantical/structural engineers

as to location, local arechitectural treatment, and surrounding

structural design.
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Glven this ambigulty, manufacturers ln the past have been
uncerbtaln as to what to qulet, how much to qulet, and even how
to measure progress in quieting. In a recent review of a wide
variety of currently available equipment from a varlety of wmanu-
facturers, several types of equlpment showed spreads as large
as 10 dB within the type. However, no line of equipmeni from
a single manufacturer was characteristically nolsy or qulet,

Currently, manufacturers are Lrying te sclve problems of
rating thelr egulpment. This effort ls belng channeled largely
through the trade asscclations and the technlcal socletles,

The fundamental alm of this effort ls to furnlsh the archltect
and engineer with ratings that they can utllize in designing
their equipment layouts and in specifylng thelr equlpment.

In the compressor industry this step has been subgtantilally
achileved. The result is that competitlve crlterla have become
clearer and that the majJor technleal barrier to quleting is
common to the industry as a whole. (It is the blade-rate scream
from the lmpeller.) It is apparent that if a manufacturer
could make a technical breazkthrough in this area, he would
achieve a strong competltive advantage. There 1s some guestion,
however, as to whether any single manufacturer can afford the
development costs that such & breakthrough would entall.

When rating methods have bheen developed and when, as a
result, the technical problems become better defined, manu-
facturers of building equipment will face three baslc alterna-
tives in reducing the neise from thelr products that reaches
the buillding's occupant: (1) redesign of the equipment, (2)
enclesure of the nolse gource by the manufacturer and (3)

passing the problem along to the bullding deslgner.
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Design Sector

The mechanlcal engineer 1s starting to add acoustle per-
formance of equlpment to the list of bullding specificatlons.
These speclficatlons are passed back to equipment manuflacturers,.

The mechanlecal and structural engineer interface wlth the
equlpment manufacturer in the area of containment of nolse vs
guileting at the source. Trade-offl 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 contrels and services through the enclosure.

The same two lactors face each other regarding slze of
equipment. The design sector wants compact equipment 1n order
to lnerease usable space as well as be able to méve through
doors, while the manufacturer tends toward larger equlpment to

favor quieting. ;

The archltect meets the manulacturer at another Iintert'ace
that concerns equipment locatlon, local archltectural treatment
and selection of structural system. Acoustically remote spaces
are often not possible to be allotted to house equipment in
view of the high cost of buillding space and the attendant deslire
to maximize revenue-bearing space., Architectural taste for open-—

ness in design and novel structural systems can often make the
isolation of equipment spaces more expensive.

The deslgner faces a unique comblnation of eguipment for
every structure he designs. These combinatlons create unigue
problems of design. They also create unlque patterns of emission.
Thus in one bullding, the designer may be able to afford a falrly
nolsy plece of equipment because it will operate by itsell or
because 1t will operate in relative iseclatiocn. In another
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building he may require a very qulet plece of equipment to perform
the same function because it may be operating alongaoide octher
nelsy machinery or in a locatlon that makes the bulldilng users

vulnerable,

Control Sector

Controls regarding bullding equipment acoustic performance
emanate. from four sources: (1) trade assccelatlons wilthin the
building equipment ilndustry; (2) speclalized technical socletles
also within that industry; (3) generalized professional tech-
nical societies (such as ASME, IEEE, ete.) serving all U.S.
gquipment industrles; and () regulatory bedies (Federal, state
and loeal).

The role of the trade assoeclations 1s to set standards for
rating the performance of equipment and to evolve guldelines for
proper applicatlon of the equipment. Among the most active 1n
dealing with nolse control are:

« Alr Condltioning and Refripgeration Instltute
« Alr Moving and Condltioning Asscclation

« Alr DIffusion Counell

« Compressed Air and Gas Institute

+ Amerlcan Gear Manufacturers Assecliation

« Natlonal Fluld Power Assoclatlon

« Hydraulle Instltute

+ Natlonal Electrical Manufacturers Assoclatlon

sgeletles both within the building
serving all industries, are dedl-
procedures and standardizing the

In contrast, the technical
eguipment industry and outside,
cated to developing measurement
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techniques for making measurements and reporting results. Most
actlive in the measurement area are:

* Amerlcan Soclety of Heatlng and Refrilgerating and Ailr
Conditioning Engineers

+ Institute of Electrical and Electronies Engineers
« Amerlean Soclety of Mechanical Englneers
+ American National Standards Institute

*» American Soclety for Testing Materlals

Government agencles exercise control in three ways: (1)
as regulatory agencles concerned wlth occupatlonal health; (2)
agaln as regulatory bodles concerned with community nolse; and
(3) as significant purchasers of equipment for use In public
buildings cr publically financed projects. The occupational
health and noise control aspects of the Walsh-Healey Publie
Contracts Act has served as a pace-setter for establishing
targets for the bullding equlpment Industiy, although the fed-
eral act 1tself generally has little direect appllcability to
most of equipment currently sold.

As state and local governments extend thelr protection against
cecupational health hazards, they are tendlng to adopt the Walsh-
Healey ceriteria, These enactments tend to put pressure on manu-
faecturers and designers alike, The most active current issue
arises from the establishment of a stringent speclficatlon
{80 dB{A) at three feet) by the General Services Adminlstration
f'or machine noise in federal builldings.

Manufacturers are having dlfficulty meeting the G.S5.A.
standards through quieting at source, but 4.5.4. repllss that
containment will solve the problem, In one instance, however,
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a substantlial federal bullding preject has not been able to at-
tract qualified equipment bidders. Minimum pronerty standards
for FHA-asslsted dwelling units have been in effect for a number
of years, BSome lattitude reparding enforcement appears to be

permitted to the dlirectors of reglonal offices,

In total, the crlterla for acoustilce performance of bulldlng
equipment are still in a state of evolution. Illore detalled dils-
cusslon of standards 1s contalned elsewhere in thls report. HMea-
surement procedures are still under development, and the current
acoustic performance of standard equipment 1s s5ti1ll not fully
understood within the various sectors of the industry. A system
for rating equipment by category 1ls seriously neceded to pglve the
control sector, designer and manufacturer a common language,

The divergence of the city codes that do exlst (15 dB spread)
needs to be eliminated to reduce customlzing requlrements on

the equlpment manufacturers.

Summary of Pressureas For/Against Quieting

a. For

Quieting deemed a "necessity", ne lenger a "luxury'"; tenants
now in second or third generatlon of alr conditioned buildings,
and attltude toward gulet has matured to thls polnt of view.
Architectural desire for openness of deslgn, new lightweight
structural systems and economy of nonrevenue bearing space
places premium on quletlng of source.

Mechanical engineers increasingly aware of need for quletlng,
hence now specifying acoustical performance.

Qccupational health and salety pressures spreading, folleowing
example set by Walsh-Healey Act.
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4.3.2

Codes at city level to enhance communlty quiet.
Quieting generally becomlng cost-benefielal in eyes of
building owners,

b. Againest

Technlcal barrlers make next step too expensive for single

manufacturer te attempt by himself,

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

Specific gquieting goals are not clearly set, and codes and
regilatlions are confusing and contradictory.

¢. Trade-off Must be Examined

Contalnment via enclosure vs quieting source — whlech 1s more

count efl'fectlva?

Home appliances

There are approxlmately 70 to 80 lmportant manufacturers¥

of home appliances in the U.S., These companies offer 30 to 40

diffe

jourc

rent products that are potentlally significant nolse
es, PFor the purposes cof assessing the state of nolse

control within thils industry, we rank-ordered speclfic appll-

ances
noilse

“Deli

according to thelr relative importance with regard to
abatement In and around the home. ‘

alr conditloners,
dilshwashers,

water closets,

ned by cbserving company names and appliance categorlies in

varlous well-established consumer jJournalo.
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¢ other majJor appliances (clcothes washersg, dryers,
refrigeratorsa}, and

» appliances whose nolse output is interpreted as a
measure of i1ts efficiency (vacuum cleaners,
blenders).

The industry 1s characterized by four major company/product
mix categories:

+ large, multidivisional companies producling a broad
range of products;

» medium-~silze companles Tormerly speclalizing in a

well-known preoduct but now branching out to take
advantage of a good name 1n the consumer market;

* small and medium-size firms who maintain a certaln

leadershlp character through continued specilaliza-
tion; and

companles manufacturing "private label”‘appliances
to be sold by others, usually by large retailers
who contract for and contrel the product poliecies
of ‘a large volume of hoeme appliances,

Our interview program was organlzed to cover leading

manufacturers of & range of equipment as well as retailers and
industry assoceiations. We Interviewed eleven manufacturers

{(or manufacturing divisions of large companles), two major
retallers, and two 1lndustry asscclations. Twenty-nine products
and ninety-six product/manufacturers were covered by this
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Our overview of the industry's attltude toward nolse
contrel shows 1t to be so0 direct a functilon of market place
pressure that noise control technolegy often exceeds application.
Applilance mgnuifacturers tend to maintaln sophlsticated RE&D and
product englneering stalfs that are capable of delivering more
nolse reductlon than market stratepgy can Justify. In fact,
some companles have trled — unsuccessfully — te market quiet
products, such as alr conditioners, vacuum cleaners, blenders,
and halr dryers; others have developed a number of qulet proto-
types that were not put Into productlon.

Consumer research shows low nolse levels are neot highly
valued by most customers. Several companles keep systematle
track of customer correspondence, while the industry 1ltself
maintains a Major Appllance Consumer Actilon Panel (MACAP) that
acts as a clearinghouse fer complalnts, These records, all of
which concern major appliances, show relatively 1ittle com-
plaint about nolse. For example, only 5% of the letters to
MACAP 1in the flrst elght months of 1971 were about nolse.

The obJectlves for gquieting household appllances seem to
vary wlth the market pressures on partleular products., Wlth
this observation in mind, we organlze our dlscussion of nolse
control efforts arocund the "problem" applisnces ldentified

above,

Atr Conditionens

There 1s probably more market pressure to quiet air
conditlioners than to qulet any other houselold appllance. Since
alr condltioners emlt nolse beth Indoors and out, they [{requently
affect not only the purchaser ahd hls famlly, but also nelghbors
and passersby, Both kinds of emisslons generate pressures for
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noise reductieon. Pressure from nelghbors takes the [orm of local
nolse ordinances that speclfly maximum socund-emissilion levels at a
property line; thils pressure 1is passed on to the manufacturer,

as one company polnted out, by dealers or marketlng men whe are
avare of the ordinances.

Dollar sales of room alr conditloners grew almost eight-Fold
in the decade of the 1960's; during that time, indoor guiet
energed as a conpetitive dimension. Several manufacturers are
curréntly engaged in competitive advertlsing campaigns to sell
the gquletness of thelr room alr condltioners and are gliving
their products brand or model names that lmply the quietness.
Two large applliance manufacturers independently volunteered the
opinion that quiet 1s becoming more lmportant tc purchasers
gvery year, One of these 1ndlcated that the fact that air
conditioning allows one to close the house against ocutside nolse
may soon become a sales argument in alr condltloner
merchandlsing. However, one leader in the current "quiet" race
indicated that thelr top-line model 1s not selling well.

Most quieting effort for alr conditloners takes place in
modest engineering laboratorles that are attached to the local
production facilltles. One such laboratory reports spending
three man-years per year on alr conditicner nolse control; one
man-year per year was a more frequently mentloned level of
effort. While the product pollecy people generally reported that
they were making maximal use of available quleting technoclogy,
the study project acoustlcians who iniltlated the Iinterviews felt
that eurrent state-cf-the-~art technology was net being univer-
sally appliled.
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Two estimates we recelved indlcate that guieting room alr
conditioners adds 10 to 15% to thelr price. There may also be
an ilnherent trade-off between quietness and efficlency (since
one way to reduce alr nolse is to decrease alr veloclty).
Sometimes, quieting results in increasing the alr conditicner's
physical dimensions, thus detracting from appearance as well as
from convenlence and ease of Installation. There may also be
a trend toward model lines differentlated by nolse output — l.e.,
an expensive qulet alr condltioner and a cheaper nolsler model,
One manager pointer out that there are anti-trust constraints
against crganizling industry consensus on noilse levels.

Dishwashera and Food Disposers

The mechanlical differences between dishwashers and disposers
do not alter the faect thai nolse control pressures are simllar
and that the manufacturers' appreach to quieting i= similar.

Thus our survey indlicates that these two appllances loglcally
group together,

Qulet 1s a saleable characterlstic of dishwashers and
disposers, although the pressures for quleting are not so great
as for air conditicners. While we are aware of no advertlsing
campaigns bullt exelusively on guiet, it 1s advertised wlth the
same preminence given to power and relliability.

Holge levels from dishwashers and disposers are not currently
under public regulatlon, hence the Incentive for guiet comes al-
most exclusively from the purchaser., This glves rise to marked
differences hetween models; 1{ one wishes, one can buy an
inexpensive, nolsy dishwasher or disposer. Reports from the
industry 1lndicate that landlords [requently do Just that.
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Nolse emissions from these two appllances are not so
completely under the control of manufacturers as in the case of
other appliances; the manner of installation greatly influences
structureborne and plumbing-borne nolses.

Dishwashers, however, present a promising example of
industry's response to the purchaser's desire for lower nolse
levels. In a 1970 survey by the United States Steel Co., #8%
of' dishwasher owners had no complaints about thelr appllance,
hut of those who did, more complalned about noise than about
any other aspect of 1ts operation. Both survey data and mar-
keting "lore"™ indlcate that the purchaser who has previously

used these appliancea puts a higher value on quietness than
does the new user.

The costs of quleting were estimated by one dlshwasher
manufacturer to be 10% and by another to add %1 to 2 to manu-
facturing costs, A disposer manufacturer felt that quleting
would add 12% to & product cost, whereas a retaller of dlsposers
estimated 18%. Quieting these machines might deny thelr
avallability to those least able to pay.

In the case of dishwashers, one manufacturer indicated
the possibilicy of trade-offs between noise and maintenance
costs, and rellability. Another indicated a trade-off between
water veloclty and quilet but expressed the cplnlion that there
are no serious technical restraints to gquileting dishwashers.

In the case of disposers, industry clalms inherent problems
with water and grinding nolse {(especilally with the nolse of
grinding bones). Scme noilse 1s considered necessary to the
user's safety, s¢ he will know when the disposer 1s operating
and when 1t has finished grinding.



Sc far, a number of sophilsticated technigues have been
applied to dishwashers: 1soilation, damping, and parts re-design.
Manufacturers of both dishwashers and disposers have tried to
improve the quality of installation by providing ecarefully drawn
Instructions and flexible fittings. One company has reduced
nolse on 1ts top~line dishwasher from 82 to 76 dB(A) (at an
unspecirfied 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; thils company tests
each machine for nolse, rejecting something under 1%.

Nene cf the manufacturers interviewed intends to glve up
hls nolsier "economy'" lines; goals did not seem to be appreciably
Infiuenced by the prospects of noise regulation.

The campanies 1ﬁterviewed ciaimed to have adequate acoustilc
test facilities, although the efforts devoted to testing and to
development variled wildely in quantlty and gquality.

Water Closetas

Ir evidence from mall order catalogues is rellable,
quietness in water closets i1s a marketable attribute. Two top-
line, "low profile®” medels prominently feature quliet in their
advertising. One manufacturer Indlcated in an interview that
placement of the height of the tank Invelves a trade-off between
quiet and efflclency, and indicated that qulet designs may be
less rellable, less efficlent, and more expensive., Like dlsh-
washers and focd-waste dlsposers, economy-medels are noisler
than more expensive ones.

Currently, one company is trylng to eliminate a water hilss
that occurs when the tank 1s full,
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Other Major Appliances

Quieter clothes washers, clothes dryers, and refrigerators
tend to be by-products of englneering originally undertaken with

other obJectives in mind. The classic case 1s a washlng machine

model that was Incidentally quieted when two gears were remcved
from the power train to save cost. In the context of product
improvement, noise 1s generally treated as a secondary design
goal, although manufacturers are concerned that engineering
changes may produce noisler products. For example, refrigera-
tors are becoming larger and nolsler as manufacturers seek to
meet the demand for specilal optlons such as lce makers; a
spinner-type washlng machine produced higher nolse levels when
spinner speed was Increased to 2000 rpm.

Two of four manufacturers interviewed make gulet medels of
washing machines that sell at a $10 to $20 premium; sales for
both lines are disappolnting., None of the cther models of
these companies 1s marketed on the basls of quiet nor do the
mail-order catalogues feature qulet., The single exception 1s
a splnner-type washer 1n which "qulet operation' appears in the
small-type description., There is, then, relatively little
evidence of pressure for quieting appllances of this type.

Yet, despite the weakness of market pressures, conslderable
quleting effort has gone into the design of these appliances,
especially washing machines. One manufacturer mentloned six
dif'ferent quieting projects that have recently been completed or
are underway. A refrigerator manufacturer mentioned an effort
to avoid strange or unldentifiable nolse. HNo specific efforts
to quiet dryers were uncovered,
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Vacuun Cleagnera

The manufacturers of vacuum cleaners belleve that the
market pressures are for nolsy machines. The three manufacturers
and cne large retailer Interviewed are all convinced that cus-
tomers use noise as the basls for Judging a machlne's power,

For example, alter concentrated technical effort, a manufacturer
had signilficantly reduced the nolse from a canister model with-
out reducing its cleanling capabllity. Housewlves who partici-
pated in a marketing trial wanted to know "if the machines were
really cleaning'.

Nelther of the large "private label" retallers we consulted
mentlon quiet as a design goal. In Tact, in advertising a nap
adJuster, one eompany writes "..., Just slide the bar across
until you hear the right cleaning purr'. One company that
carefully analyzes 1ts correspondence from customers finds
virtually no nolse complaints aboui vacuum cleaners or any of
its other portabhle applliances.

A reasoneble level of englneering effort has produced
feasible solutlons to vacuum cleaner nolse problems; according
to all interviewed, however, these scolutlens are not belng
applied to products that are sold, because vacuum cleaner manu-
facturers and retallers do not sense a demand for quleter
products. In fact, the sale of upright cleaners, whose beaters
malkke them noisier, 1s growlng at the expense of the sale of
canlster medels, Apparently, the beater action of upright
cleaners can better handle the new deep-plle weaves that make
modern carpets harder to clean. There are technologleal limlts
te the quieting of upright vacuum cleaners, because of the inter-
gctlon between the beater and the carpet, but the ncecise levels
of production models seems to be determined by customer usage
demand rather than by technoleglcal limitations.,
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The company that developed the gquiet canister cleaner
employs & physlicist who works full-time on neise~control studies.
The company calls in necilse consultants

about four times a yeanp
and samples i1ts customers at six-month

and two-~year Intervals.
te the problem of beater

would not reduce a j
machine's efflciency would add 50% to its price.

They have piven consilderable attentlon
nolse and estimate that solutlons that

Another large company made a study ten years ago (at a cost !
of about $30,000) in which they developed ways of reducing

vacuum cleaner nolse in middle and high [requencles by ahout

10 dB(A). They have just contracted for a study of thelr com-

petitors' canister machines and of the effect of using alternate

metoers in thelr own machines. Although they have avallable

technlcal staff and lahoratory facllitles in-house, they have
never applied the results of thelr studles to the products they
market because of customer attitude toward noise,

Small Appliances

During the interviews incldental informatlon was gathered
from five different companies concerning eleven small appllances:
blenders, can openers, coffee mills, electric knlves, fans, hair
dryers, ice crushers, knife sharpeners,

mlxers, oral lavages,
and electric tooth brushes.

Manufacturers feel that there 1is
public pressure for these applliances to sound as though they

are "really deoing thelr jobs". One manufacturer offered the

generalization that, in the small appliance rield, the quallty
of the sound 1s more important than the quantity.

An applilance
must sound "right".

Some must sound powerful, some rellable,
and none as though they are malfunctlioning or undergeling

exeesslve wear. Thils manufacturer expressed the bellef that an

accurate interpretatlion of the customers' desires 1n these areas
ig a condltion for remalning in business. i
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This market pressure leads to dlverse nolse-control
objJectives, both ameng companles and between product lines
produced by a single company. Cuscomer complaints were
reported about the nolse from fans and h:ilr Jdpyers, and one
marketing executive was quoted as believing that quilet 1is a
saleable aspect of milxers. One company which does not manufac-
fure the ice crusher that 1ls sold under its labkel put a fairly
high value on quletness In selecting the modei 1t sells., Yet,
none of these small appliances was described as aquiet in
elther of‘the two mall-order catalogues that we examined.
Blenders and electrlc can openers were specifically described by

the managers 1invervliewed as belng appropriately nolsy. A company
which we dld not Ilnterview was clted as having quleted & blender;

in so doing, they slowed 1t deown so that it became less effi-
clent. At least one laboratory ls seeklng entlrely new ways of
comminuting foods that could be both guleter and cheaper than
Lblenders., Another is designing a serew-type crushing tocl that
will substitute a growling scund for the raucous sound of the
chipper that current ilce erushers employ.

There 15 also a search for fan blade configurations that
will elimlnate certaln predominant frequencles and produce a
more pleasing socund. In addition to room fans, this experimen-
tation lneludes hair dryers, where guleter designs for aip
passages are also belng sought.

Rubber feet have been added to electrie coffee mills to
reduce vibration nolse, but shlelding is not beling used because
of 1ts adverse effects on costs, slze, and aesthetic design.
Plastiec beaters lor mixers promise to reduce both noice and

costs.
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Many of these appllances are powered by unlversal-type
motors, whleh are lnexpenslve, powerful for their size, but

noisy. The size-power ratlio coansldered important in such appli~

ances as hand mixers, electriec knlves,

can openers, and motor-
in-the-bonnet halr dryers.

Conventlonal hailr dryers also embody
a trade-ofl between speed and quilet; one halr dryer model that

was marketed as "'quiet" took 30 to 75 minutes longer to dry
hair than faster, nolslier models.

8peed or the potentlal power that speed permlts was clted
as 1lmportant to electrice knilves, can openers, and blenders,

In
the case of blenders, one engineer argued that,

1f they were
slowed down,

the intenslty of the nolse would simply be traded
for nolse duration with no lessenlng of resulting Impact.
There 1s also reported to be a trade~off for electrlic tooth
brushes between nolse and cleansing effectiveness,

Cases of limitations on guleting were polinted cut for knife
sharpeners where there 1s grinder-blade iInteraction, as well as
for blenders where rotating knlves are essentlial and a glass
casling is necessary 1f the housewlfe 1s to monltor the process
visually. In the case of blenders, there 1s hesitation to
experiment with consumer preferences slnee the already Intense
domestic competition is being ralsed by the entrance af
Japanese products into the market.

Small appllance manufacturers make frequent use of
subjective nolse Judgements in thelr developmental work. Thelr
product laboratorles tend to be less sophlsticated than those
for major appliances, although many have access to central
acoustliecal laboratories of great sophistication. Cne small
appliance manufacturer tests new products In his employees!

homes., If employees object to the nolse the new model makes
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they are asked 10 they would be willing to pay f[or a quleter
product. The general result of this appreach is to make this
manufacturer pesslmistlic about the economlec pay-off from
quieter products.

Although speciflc nolse goals are hard to 1dentify In the
applliance industry and although some manufacturers seem dis-
couraged with the return on thelr efforts to date, all those
interviewed plan to persist in quieting efforts. Technological
limlts have not yet been reached. One manufacturer belleves
that tihe earlier competltion-which emphaslzed compactness has
now been replaced wlth an emphasis on qulet. 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 Iimits,
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5. CONCLUSIONS AND RECOMMENDATIONS

Thils report hag presented a broad range of faccts concerning
the nolse characteristlies of construction, appllanceus, and bulld-
ing equipment, the 1Ilnfluence of Lhils nolse on our Ilves, and the
nature of the ilndustrles producling and using thils machlnery. In
this sectlon, we summarlize our IMindings and recommend what we
belleve to be a balanced noise abatement program that-may bo
pursued. by EPA.

5.1 Conclusions

One of the most strilkling factors to emerge from thls study
is the monumental complexity of the physlcal, soclal, and Indus-
trial system that we have attempted to understand.- There ls a
wide spectrum of nolse-producing machinery types utilized for
many different purposes in a nearly endless number of sltuatlions.
Thls heterogenelty makes a characterization of even the averagse
propertles of the sources and transmlssion paths dif'ficult at
best. Of course, nobody is exposed Lo average conditliong but
rather tc some part of a multl-varlable distributlon of clrcum-
stances, maklng some notlon of the range of source/path/recelver
sltuatlion deslrable. Furthermore, human respense to nolse varlies
widely among indlividuals and depends not only on the readily med-
surable aspects of sound such as level and spectrum, bubt also on
such factors as abtltudes, predispositlons, the Informatlon con-
tent of the sound, and concurrent nonaudltory stimulli. The Lu-
dustrial situatlon 1s equally cemplex, the judgement of industrial
leaders and thelr concommitant directives beling influenced by
marketplace and leglslatlve demands, as well as by their own
personal attitudes. In presenting what we feel are the sallent
features of thls complex systom, we clulm to huve observed no
more than the top ol' the leeberg — and sven that at some dlstanze.
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5.1,1 Sources

Despite the tremendous range of eguipment, the noise-producing
mechanisms are often similar and may be identified as part of a
much smaller class. The principal scurce of nolse in many types
of econstruction equipment, for example, 1s the diesel engine.
Exhaust noise 1s most readily 1dentiflable with structural socund
radlation and inlet nolse 1s also of importance. Additlonally,
the hydraulles, fans, and transmilssions of construetion eguipment
generate loud and ldentlfiable nolse levels. Such heavy equip-
ment of'ten creates levels in excess of 90 dB(Aa) at 50 ft. Dril-
ling and cutting machinery are also extremely nolsy as are ilmpact
tools such as riveters, pavement breakers, c¢ertaln powered
wrenches, and most pile drivers. Nolse from jack hammers and rock
driils often lies between 80 and 100 dB(A) alt 50 ft; pile driver
noilse can exceed 100 dB(A). Almost invariably, constructien
equipnment, regardless of 1its size, 1s nolsy.

In evaluating the control technology of concstruetlon nolse,
one finds that approximately 10 dB(A) of neclse reductien are
generally achlevable using state-of-the~art techniques; 20 dB(A)
could no doubt be achleved wilith a certain level of technology
development. Of course, these are average values.  For some
equipment, such as that sold without exhaust mufflers, greater
nolse reduction would probably be easily achlieved; for others,
such as riveteprs, considerable effert would be required to meet
these objectives.

The nolse levels of home appllances span a much broader
range than these of constructlon equipment. Certaln appliances
such as feod freezers or ref}igerators are rather quiet at 30 to
40 AB(A), measured at 3 ft; other iltems such as food hlenders
can be as nolsy as 80 to 90 dB(A) depending on the type, speed,
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and food being processed. Oarbage disposers may even exceed
80 dB(A). By and large, the nolslest classes of haome equipment
are powered garden and shop tools, Nolse from electrlc lawn
mowers, hedge trimmers, and grass edgers all measured bhetween
80 and 90 dB{A). Socme shop tools generated nearly 100 dB{4).

Noise from appliances ls attributable to electrle motors and
coeling fans, plué the components belng driven by the motors,
For refrigeratlon equipment, these components are compressors
and blowers; for food-waste disposers, they are grinders; for
shop tools they are typlcally cutting or grinding elements, often
connected to the motor by noise~producing gears., As with con-
struction equlpment, noilse reduction levels of 10 dB(A) are gen-
erally achlevable wilith state-of-the-art techniques; 20 dE(A)

often requires elther extensive application of existing techniques
or the development of new bechnolegy to obtaln the same results at

less cost,

Building equipment probably has as large a range of nolse-
making devlces and nolse levels as construction and appllances
combined. DPlesel englnes, gas fturbines, and large electric gen-
erators or motors are all utlliged, especlally in so-called
"total energy systems" which supply both electrle power and tem-
perature control for buildings. Refrigeration and heating equip-
ment, blowers, diffusers, and fluorescent light transformers all
generate nolse. Portunately, the nolsilest sources of bullding
equipment are usually remotely located, typically in mechanical
equipment rooms. Isolating people from this nolse is malnly done
through archltectural treatment.
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5.1.2 Impact

Yo have tried to measure the lmpact of nolse on people In

terms of the levels teo which they are exposed, the duration, and

the number of pebple. In a one year perlod approximately 30

millien Americans will find themselves llving or working near a
The noilse from this site will be suffleciently

construetlon alte.
Three

high o Interfere with thelr conversatlon most of the day.
milllon workers'with night ghifts and 2.5 mlillon children under

four who may require naps llve near these sites. HMany will elther

£ind it more difficult to fall asleep or be awakened durlng their
sleep because of canstructlien noise. On the average, a metropolitan-
area reasident or worker passes a constructlon cite every other day.
Pedestrilans ecan be exposed to nolse levels In excess of 90 dB(A).
Automoblle drivers and passengers will often close thelr wlndows,
thereby reducing the egposure to approximetely 80 dB(A). Although
many opefators of heavy construction equlipment are losing thelr
hearing because of nolse [26], hearing damage to persons 1n the
does not appear to be a substantial
or working in bulldlngs nelghborlng
to less than 70 dB(A) moot of the

environs of construction sites
problem. Most pecple resldlng
constructlon siltes are exposed
tlme. Some pedestrians are exposed to levels that could contrib-~
ute to hearing loss particularly if these people are exposed to
high nolse levels durlng other times ol the day.

Cne of the most slgnificant aspects ol constructlon nelse 1s
that, in any year, 15% ol the population are expozed roughly eight
hours a day, Tive days a weelk for many weaks or months. They have
no control 6var the nolse nor de¢ they have much respite from It,
The argument that construction is temporary has llttle appeal to
people lilving near a several year project or one zerlies ol proJecis
af'ter another located all around them — after all, they argue,

1life 1tsell is temporary.
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hppliances have an impact on people in a rather different

way. Most appliances affect only the people using them and only
for a relatlvely brief time while they are in operation. For
example, a food blznder may generate 80 dB({A), but only for

30 seconds, at the end of whilch the user hay a deslred product,
This leads to qulte different attitudes toward appllances vis

& vig constructlon equipment as bothersome nolse sources. OF
course, not all appliances affect only the uger and his lamily.
Appliahces which affect nelghbors are ftyplcally those which are
built in to the hone structure or plumbing and those which are
used outside. Thus, food-waste disposers, dishwashers, water
valves, and tollets are found to annoy and sometimes interfere
with the sleep of people In multifamily dwelllngs, FPowered
garden tools such as lawn mowers, hedge clippers, and edge trim-
mers as well as power tools used ocutdoors (e.g., cirecular saws,
drllls, sanders) also generate sufflclently high nolse levels
to awaken or annoy nelghbors,

One of the most striking aspect of appllances ls thelr num-

ber, Roughly one billion appllances now are used In homes through-

out the U.S., Virtually everyone owns at least some; e.g., 99.8%
of homes are equipped with a refrlgerator, over 90% have vacuum
cleaners. By and large, people 1n the upper soeclo-economle stratum
have more appliances. However, the generally Ilncreasing affluence
of the nation coupled with the relatlvely constant prilce of appll-
ances over the past 15 years (desplte the inflatlonary growth of
most other consumer items) has stimulated the profuslon of appli-
ances Into homes at every economic level, This large number of
appliances and thelr year-round use (with certain obvlous excep-
tions) has made the exposure to appliance nolse very large indeed.
In faet, appliances account for more person-hours of speech Inter-
ference, sleep Interruption, and hearlng damage than construction.
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However, the lmpact In terms of annoyance ls probably not so
great, owing in large part to the contrellabllity of many appli-
ance operation times, For example, one deces not have to run the
dishwasher while listenlng to T.V., but it 1ls difficult to ask
the plle driver operator cutside to cease work until a pregram

of Lnterest ls over.

5.1.3 Industry programc

Industry activitles In preoduct quleting can best be under-
stcod by first consldering the pressures they percelve., Demand
for gulet appliances reaches manulacturers directly from the
purchasers In the marketplace. The people whe are exposed to
noise, for the meost part, are also those who purchase the appll-
ance, or at least Iinfluence 1ts selectlon. Demand for quiet
construction equipment 1s also made by people living or worklng
near construetion sites, They generally have no eccnomlc 1n-
fluernice on the bulldlng contractor or eguipment manufacturer,
Henece, their demands have largely gone unheeded and have been
redlrected through legislative bodles., A [ew successes In this
arena have begun to create a mariketplace demand for qulet equip-
ment by contractors who "see the handwriting on she wall" and
are willing to pay something of a premium for egulpment that will
not be 1lllegal tc cperate 1n a l'ew years when antlclipated wilder-
ranglng legisiatlve contreis are enacted.

The response to precsuve f{or qulet has variled within and
across the appliance and constructlon industries., 3ome appilance
manufacturers have made a credible effort to develop capabllitles
to deal with nolse-control problems and to deslgn appropriate
nolie-control measures into their products, Thls has been espe-
cially true in the major appliance industry where alr condlitloners
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and, more recently, dish-washe.s and food-waste disposers are
belng treated. As one might expect, the objectlve of disposer
treatment 1s to reduce noilse wilthin the kltehen conteining the
unit, We know of no dlsposer deslgned $0 reduce transmission
of noise through plumbing and Inte adjacent apartments. The
disposers that incorporate alrborne gsound suppression are top-
of~the~line ltems deslgned for use by the purehascer, Bottom-
of'-the-line disposers ct'ten have no nolse treatment whatsoever
and are usually Installed Iin multifamily dwelllngs., CGenerally
speaking, vhen noise control 1ls introduced In appllances, it 1s
in top-of-the-line¢ Iitems. 'There, it serves partly as an added
luxury and partly as a Lest of market acceptabllity, I success-

rful, it will eoften Le Introduced in other line ltems; 1" unsuccess-

ful (for whatever reasson) the notion will of'ten develop znd pore-
8ist that consumers zimply do not care aboutl nolse.

The construeticon equipment Industry alsc shows a specirum
of' levels of regponse to pressure or product quleting. A very
few ceompanies have Torescen the demand for quiet equlpment and
have begun 2 line of products thai are significantly gquieter than
competitive models. Scme companles have conducted experimental
nolse contrel projects, often with only a modilcum of success,
Several companies appear to have given nelse-control very 1ilttle
effort (e.g., some heavy construction equipment does not even use
exhaust mufflers for diesel engines). On the whole, nolse has
only begun tc hecome a sericus Tactor in the ceonstructlion Indus-
try, which lacks much of the expertise requlred to deal success-
fully with 1t,
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5.2 Recommendations

Most of the work presented in this repert is of the nature
of background material that must be applled to the problem of
nolse reductlon to be of real value. Our recommendations there-
fore relate to the applicatlion of this information and the steps
that we feecl ought to proceed from 1t,

There appear to be two primary means by which the EPA can
influence industry to bring abcut nolse control, The first 1s
to regulate the maximum allowable nolse levels that can be pro-
duced by new equlpment. The second is by Instltuting a mechanism
for disseminating Infermation to the consumer: namely, requiring
the labeling of nolsy products. In situatlons where the party
exposed to nolse 1s not the purchaser of the nolsy equipment and
is not in a positlion to influence the noise level or operatlon
of the equipment, it appears that nolse standards must be gen-
erated and applled to bring abcut nolse reductlon. Thils 1s
largely the case 1n the constructlon industry, where the princi-
pal recourse to construction nclse control by the community has
been through lecal legislaticen. On the other hand, when the
purchaser 1s, for all practical purposes, the only party affected
by a nolsy source and that source 1s not likely to contribute
seriously to hearing damage, then standards appear te constraln
unnecessarily one'!'s freedom of cholce. Rather 1t would seem
appropriate to ensure that the purchaser 1s iInforimed of the
levels to whileh he wlll be exposed, but that he be allowed the
freedom to welgh nolse against other factors (e.g., price, size,
durability) in reaching & decislon among alternative products.

Setting standards and labeling requirements 1s no mean task.
There are technlcal 1ssues that must be resolved involving the
conditions under which nolse is to be measured. FPFor example,
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the type of slnk in whileh a garbage disposer 1s installed and
the character of fcod waste belng disposed of, must be carefully
gpecified to obtain meaningi'ul and unilform results. Somewhat
more difficult 1s the task of determlining the maxlmum allowable
levels for different lkinds of equipment. In a sense,
invarilably represent a compromlse hetween deslred values and
values that are economically acceptable. This concept may be
i1llustrated gualitatively by Flg. 27 in whlch we plot cost vs
neise reductlion. Cost Is used to ineclude capltal, operation,
and malntenance expendifures owing to the applicaticn of nolse
control treatment and whatever performance degradation might
occur because of such treatment. Automobile mufflers are a good
egample; they lncrease the prilce of an automoblle, often requlre
replacement during the life of an automoblle, and sllightly de-
grade engine performance. Results achievable by application of
state-of-the-art nolse-controel techniques are represented by an
expenentlally increasing curve. The flrst few dB of nolse reduc-
tion are typlcally achleved at Llow cost; cests galn substantially
as greater levels of quieting are sought. Alse shown in the
Flg. 27 13 a cost vs nelse reducticn curve that might be achlev-
able subsequent to nolse-control research and development, In
fact, it ecan probably be said that the sole oblectlve of R&D
should be to lower ithe state-of-the-art curve. The third curve
in Flg., 27 shows a relation between cost and nolse reduction
deemed acceptable by the declsion-makers. The curve 1s concave
downward 1llustrating the notion that as a machine is made gquieter,
each increment of nolse reduction is worth less and less., The
intersection of the state-of-the-art curve with the acceptable
cost vs nolse reductilon curve determines the nolse reductlon one
is willing to specify. If thls level of reduction is 1Inadequate,
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FIG. 27. COST OF NOISE CONTROL VS NOISE REDUCTION
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it 1s necessary to conduct R&D to achleve a lower state-of-the-
art curve and increase the level of nolse 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 1little marketplace demand for qulet products, the curve is
low, People living or working near nolsy equipment would
naturally draw the curve at a higher level, especlally if they
did not have to bear a slgnificant part of the cost for quieting
the machinery. One of the problems that EPA will have to face
1s to develop an acceptablility curve that 1s, in some sense,

fair to all parties. Although it 1s diffilcult, 1f not lmpossible,

tc develop such curves guantitatively, it wlll be necessary for
a declsion maker to be aware of the pertinent relations between
cost and noise reductlion and to account for them Lln selecting
the levels to be achileved. To assist In this process, we rec-
ommend here studies of the techneology and economies of nolse
abatement, the economic impaet of noise control, the type of
improved nolse criteria that ought to be developed, and soclal-
indicator studles to measure the attitudes of the publiec o
noise and nolse control, First, let us consider which equipment
ought to be regulated by standards and whilch by labellng.

§.2.1 Standards and labeling

We recommend that nolse sources having a significant impact
on partiles who derive little direct benefit from the source cught
to be controlled by the establishment of maximum allowable nolse
levels. This would 1include most conatruction equipment, con-
struction siltes, and certain types of appliances. Among the
items of construetion equipment requiring standards are all ma-
chinery powered by internal combustlon englnes as well as tools
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utilizing impact or cutting mechanisms, such as drills, pavement
breakers, and saws. Constructlon site nolse levels ought'to be
regulated to ensure that the contractor deploy and utilize his
machinery in & way that minimizes communlty noise expoéure.
Typical appllances requlring regulation are electric garden tools
(e.z., lawn mowers, hedge clippers, edge trimmers), focd-waste
dlspeosers, dishwashers, alr conditioners, and shop tools. Because
the nolse of harzardous tools also serves to inform the user of
thelilr operation, minlmum 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 sufflclent to have an impact, we
recommend the establishment of' a three~-phase program. A decreasing
sequence of levels would be establlshed and would go into effect
épproximately, one, four, and seven years subseguent to the time
at which the levels are publliely announced,.

One Year

The purpose of the first phase 1s to ensure that highly
effective off-the-shelf noise control eguipment 1s utillized on
all new machinery. Thus, all machinery powvered by internal cbm—
bustion engines would be requilred to be equlpped with hilgh—quality
mufflers, lor example, (This contrasts with the current situation
in which some construction equipment ls advertised and sold with-
out any muffling whatsoever.,) One year appears adequate for manu-
facturers to order, receive, and install such equipment.

Four Yeara

The second phase would become effectlve approximately four

years after announcement of levels.” These levels would be selected

to ensure that state-of-the-art noise contrel techniques are
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incorporated In equipment. To achleve these levels, the manu-
facturer might have to use sound-absorptive engine enclosures,
for example. Appliances might have to incorporate vibration
lsolaters for all motors and pumps. Since the type of treafment
envlsioned here requlres minor changes to equilipment, four years
appears adequate for manufacturers to design nolse treatment

and retool selected items of their production lines,

Seven Yeara

The levels to become effective after a perlod of seven years
should largely represent state-of-the-art advances and should
have a significant impact on the level generated by the nolse
source, Twenty dB(A) of nolse reduction for the most offensive
construction equipment 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 incorperation
of the fruits of this work In production iLtems.

We also recommend laheling of appliances generating signifi-
cant nolse levels affecting prlmarily the user. Included in a
1ist of items to be labeled are all items contrelled by standards,
as well as shop tools, vacuum c¢leaners, food blenders, fans, and
hair dryers. Qur rationale for labeling rather than standard
setting is that a person should be informed of the nolse to which
he will expose himself and then be free to conslder nolse as but
one of a number of factors accounting for his selection of a
particular brand. Nolse-contrel standards would no doubt ralse

applilance prices, unnecessarily restricting the consumer's range
of choice.
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§.2.2 Technolegy evaluation, demonstration, and development

Wie recommend the expendlture of appreprilate levels of effort
to evaluate, demonstrate, and develop technology 1n support of
the establishment of standards. These studles are as follows:

Labeling

To make labeling meaningful, a consistent set of test pro-
cedures should bhe developed for each type ol appliance or iltem
of bullding equipment. This 1s especlally Important lor applil-
ances whose nolse characteristics depend heavlly on the Instal-
latlen. Promlnent among these are food-waste disposers, dish-
washers, plumblng fixtures, and vacuum cleaners (whleh may rest

on a rug or a hard flocr).

Standards = Phase T

The flrst recommended phase of standard setting establlshes

noise levels that can be met Lf highly effecllve off-the-shelfl
nolse control devices are used on all equipment, Frlor te the

establishment of such standards, a program Lo measure the noilse

generated by selected machinery samples targeted for incorporation

of such devices would seem appropriate.

Standarda — Phase IT

The second phase of standards would speclfy levels requiring

the appllcation of nolse-control treatment. We recommend that

EPA conduct nolse-control demonstration projects on selected ltems

foer three reasons. Pirst, achlevable levels of nolse reductlon

can be accurately evaluated, and accordingly specified, only'by

means of such programs. Without actually implementing nolse-

reduction technigues there would probably be an unacceptable

176



——

i
LT

T CETRAA i A M T A T T S T

e e

level of uncertainty assoclated with predlctions. Turthermore,
practical implementation problems are often not uncovered until
treatment is actually put Intoe practice. BSecond, such demonstra-
tion of results achlevable by means of state-of-the-art nolse
treatment would put to rest any objectlons ralsed by the affected
Industry concerning the techneloglcal feasibility of achleving
specified levels. Finally, the techniecal information generated
by a demonstration proegram woeuld be valuable across the affected
Industry, espesclally to small companiles who often lack the reg-
ulsite technical capabillty in nolse control,

Standarde — Phgse IIT

The third recommended phase of standards is designed to
have a significant impact on noise levels and wlll probably be
achievable only through state-of-the-art advances In nolse-control
technology. To ensure that the state-of-the-art 1s appropriately
advanced 1in sufflcient time for implementation in new machinery
we recommend the immedlate commencement of RE&D programs dealing
with the followlng lmpertant aspects of construction and appli-
ance nolse (in approximate order of priority):

* dlesel englnes

« mulflers

¢ hydraulle systems

¢« coollng systems

+ Iimpact and cutting teols

« other power plants:
gas turbilnes (for nonalrcraft use}
electrlc motors
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*« transmisslons (gears)

* water valves

5.3 Economic Impact Studies

Determining the optimum balance between public's desire for
guiet and the distributed costs required to achleve 1t by means
of ripgorous systems analysls efforf would regquire a large-scale

simulation of the economies of the construction industry and its

place in the U,8., ecconomy. Such a study 1s not feasible if usable

results are required in a short time or 1f' expendlture of funds

is limited. It is poessible, however, to make some choices as to

what to qulet and how to gquiet it, by dolng some fairly unscphils-
ticated Investigation of how the quleting costs get distributed
through the Industry and the economy. We recommend treztment of:

+ The impact of nolse on various segments of the population.
(This has largely been performed under the existlng EPA
contract and needs but a little expansilon.)

Estimated costs of guileting selected pleces of equipment as

a function of degree of quieting. (This would be an crder-

of-magnltude estimate. Data can be obtalned from price

Information cn exlsting mufflers, heavy casings, absorptive

materlala, etec., as well as a study of prlce differentleals

between existing quleted and unquleted machinery - not Just

constructlon equipment. Costs of nonhardware gulding fech-

niques, such as scheduling site operatlons to avold using
many prices of equipment at once, would be estimated by
constructing typical scenarios and consulting with Industry

representatives to determine lncreases 1ln construction cost

inereases {or decreases). Allowance should be made for uses

¢ 1?8
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In which a change !n equlpment deslgn or operatlon results
In greater productivity, rellabllity, ete. The effect aof
such an occurrence could be a net nogative quleting cost.)

The distribution of Increased equipment cost among producers,
purchasers and the purchaser's customers. (Part ol the cost
will be absorbed by each, depending on the demand elasticity
of the commodity. Thls information exlsts in published
studles of the economics of" the construetlon industry.)

Allocation of increased equipment costs/rentals among various
types of constructlon. (The resulting increase 1n construc-
tion costs are a strong functlon of what 1s being bullt.
Equipment rental typlcally makes up 20% of the cost of civil
works constructlons, 108 of the cost of hilghways, but only

2% in the case of bulldings.)

The above data would be used to compute the economic effect

o' quieting equipment on the publle. The outputs would be:

* The expected Increase Iin costs and rentals of housing,

of fices, industrial space, etc., as 4 function of the
degree and method of site quleting. Also of Interest 1s
the degree of intersectlion of the sets of: (1) surrounding
inhabitants, whe get the benefits of guiet sltes, and (2)
bullding users, who pay the cost, or part of I1t.

Expected increase In state, municipal, and federal taxes as
a result of increased cost of public works constructlon, etc.

The net result of the study would be recommendations for an

orderly constructlon gquleting program based on the Inlovmation
developed above. The criteria by which specitic technigues or
regulatlons would be Judged are:
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« Cost-elfectlveness (the degree of quileting achleved per
dollar expended).

* Cost~benefits (the reduction In communlty nolse exposure as
a function of quleting cost).

+ Equitability (the degree to which the beneficlaries of a
quleting program bear the expense ol that program).

5.4 A Program of Public Support Development

Our contact with managers of construction equipment and home
appliance manufacturlng companies has convinced us that thelr
perspective on and attitudes toward nolse control programs will
strongly influence the efforts they make tec guiet thelr products.
This 1s even more true of the values they hold regarding the
legitimacy and worth of gquiet environments, Indeed, we regard
the public support of nolse abatement efforts as a cruclal vari-
able in the success of these efforts.

We would, therefore, reccmmend a continuous program to
dlagnose and develop publie support for nolse abatement. Such
a pregram weuld embrace lve activitiles:

Exploration of Programs in Other Areas

We visuallze thils as an inguiry both inte the theory of
public opinlon, attitude change, and shifts in basic valuea and
into the actual techniques of publle support development that

have bheen employed In other contexts.

A Continuoua Inventory of Opinion-Leader Attitudes

This would be a program of interviews with opinlon leaders

who are dealing with noise abatement. It would include leaders
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In government, buslness, relevant prefessicns, and consumer- and

ecology—advocate groups.

A Continuous Inventory of Fublic Awareneass, Attitudes, and
Values

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

concernling public knowledge, attltudes, and values.

Program Developument

A program, based on Informaticn obtained from the three ac-
tivities above, should be developed (1) to optlimize the kind and

degree of regulation whieh can be supported by the public eplnion

that exlsts, (2) to prescrlbe a public information program that
wlll improve the quality of publlc opinilon, and (3) to ldentify
profitable areas for demonstratlon programs.

The Development and Adminiatraticn of Pilot Programs of
Notae Abatement
These pllolt programs should test the relation of regulation

to wvarious levels of publle support in the same sense that pilot
srograms that test dinnovatlve technologlcal prototypes are de-

veloped.
We should llke to say a word remarding the usefulness and
feasibility of the cantinuous inventorles of leader opinion and

-

publie opinion — activitles 2 and 3 ahove.

Field research In the behavioral sclences has now reached
the point that useful social indicators can often be developed

if their development is undertaken on a pragmatic basls, We do
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not visualize that these survey activitiles wlll ke conducted at
the level of public-oplnion 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
soclo-egconomic status and attitudes toward noise makers Influence
nolse annoyance and nelse complaints., A recent study of motor
vehicele noise that we have conducted indicates that the necessity
of the nolse, and the degree to which one percelves the noise as
an intruslon, Influences the level of annoyance., The survey
efforts proposed would tap values that would asslst In the formu-
lation of noise ¢riterla. Are people willlng to put up with
"bearable™ levels of nolse cor do they now demand reduction to
"eomfortable" levels? Of greatest lmportance may be attitudes
toward the regulating proeess itself. By necw 1t 1s well-
established 1n social psychology that basle orientations towards
the sources of influence alter behaviecr. With regard to the
product manufacturer who promises to become an objlent aof regu-
lation, theory would prediet that one's enforcement problems
would be quite different i1 the manufucturers complied to regu-
latlon because of feér, because compllance was expeclted by his
reference groups, or because hils own values Induced compliance.
These psychclegleal orientatlons can be measured through inter-

views.

5.5 Social Impact

The foliowing recommendations are made to evaluate the im-
pact of nolse not only [rom the sources under conslderatlon In
the current report but also from cother sources.

1. 'The mest fundamental action that can be taken to further
the assessment of ncilse lmpact 1s to initilate research leadlng
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to development of an absolute scale of annoyance for all nolse
exposure. ‘The first stage of such a research program would
obviously be a planning effort to structure the task and prepare
detalled plans for lts execution,

The need for such research is immediate. Existing methods
for estimating annoyance are relative rather than absolute, limited
in seceope and application, not wldely accepted, and of dublous
utility, The intended research would entaill simultaneous measure-
ment of both complaint behavlor and the offending acoustlic signals
produclng complaints, at the #ime of anncyance. A contlnuous sur-
vey of residential nolse annoyance over a considerable perlod of
time 1s needed, as are surveys of nolse anhoyance in other environ-
ments. Until a well-founded research program of thls sert is
undertaken, one must continue to rely upon personal experlence
or the distortions of the popular press for estimates of the true
magnltude of the annoyance prcblem.

2. 8ince speech Interference proved to ke such a wldespread
consequence of exposure to the nolse sources consildered in thils
report, research should be conducted te determine how accurately
speech interference predictlons made on the'basis of laboratory
data may .be extended to real-life situatlons. Almost all current
knowledge of speech lnterference effects has been produced by
studies employing steady-state nolse as the lnterfering signal.
No research has been conducted on potentlally crucial effects of
temporal parameters of noise dlstributions {including frequency,
duration, and perilodiecity of Interference) on verbal communicatilon.
Further, little if anything 1s known of the annoyance value of
speech interference, Trade-offs governing the relative annoyance
af frequent but short interruptions vs Infrequent but long lnter-
ruptions of verbal communleatlon have not been lnvestigated.

It therefore remains 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
lovwer level nolse output would be helpful; whether scheduling
changes in the operation of construction machinery would reduce
speech Interference; and so forth,

3. Nolse education programs should be desipgned to provide
the public with the information needed to make decisilons about
the desirabillty of nolse exposure., A nolse-cconsclous public
can exerclse a modleum of ccntrol over 1lts nolse exposure through
1ts purchasing power and I1ts demands for nolse control leglsla-
tion. Consideratlon should be glven to preparation of publle
lnformation pamphlets, recordings, or other means of increasing
publice awareness of nelse exposure,
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APPENDIX A — DETAILED SOURCE CHARACTERIZATION

A.l1 Construction Equipment

0f the considerable body of data on the noilse of constructlon
equlpment, most pertains to the operator positlon; the availlable
data on neclse radlated by this equipment to 1lts surrcundings is
very limited. 'The data presented in Pig. 1 {maln text) and in
this appendlx were obtalned [rom

+ The open literature [I-4].
* Reports, lIncluding those submitted by varilous manufacturers
at the EPA hearings con construction equipment held in

Atlanta, Georgla, July 8 and 9, 1971,

+ Fleld measurements conducted for this project at a number
of construction sltes in the vicinity of Boston.¥

A.1.1 Noise spectra

Much of the equipment used at construction siltes is powered
by dlesel engines, which generally constitute the predomlnant nolse
sources. Figure A.1 shows the envelope of the 1/3-octave band
spectra of nolse from 23 different items of dlesel-powered con-
gtruction equipment, rated from 45 to 770 hp and operating at i
betwecn 1100 and 2700 rpm, at a varlety of conditlons (i.e., with '
various degrees of loading, ranging from none to heavy). These
spectra were obtained at varilous locatlons around the equipment
ltems, which also varled in the degree of exhaust muffling present,

¥ihese measuremnents were made with & i-in. Bruel and Kjaer type .
4131 condenser mlcraphone, coupled to a Bruel and Kjaer type 2203 i
sound level meter. The slgnals were recorded on a Kudelskl Nagra .
type III tape recorder, and later analyzed in the laboratory by :
means cof a General Radlo Corp. "Real-Time Analyszer". Callbration
was accomplished with the aid of a Bruel and Kjaer type 4220

plston phone.



Eigures A2, A3, and AN show the nolse spectra from some
typicai englne-powered ltems of equlpment. The low-frequency
peaks typlcally correspond to the liring frequency {the number
of' pover strokes per unit time — whlieh depends on the englne
speed, number of cylinders, and on the number of power strokes
per revolutlon) and 1lts harmonies., Flgure A.2 iiluatrates the
nolse made by Lwo tracked bulldozers under varlous working con-
ditions. These spectra reflect not only the dlesel nolse but
alse some noilse due Lo traclks, gears, and scraping of metal
components agalnut rock.

Gaseline {(spark-ignitlon) englines have nelse spectra that
are similar to those of diesel englnes. In constructlon equip-
ment, however, dilesel engines tend to be used for all of the
higher power applications, with spark-ignltlon engines relegated
to lower power equlpment. Speéctra correspending to two types of
gasollne~engine powered equlpment are shown in Fli. AL3.

Nclse speetra for two air compressors — one dicsel, one
gasoline—gngine powerad — incorperating no special noise control
provisions are shown In Flg. A.Y4., Figure A.5 shows the noise
spectra assoclated wlth several pumps and generators; Flg, A.6
shows those levels preoduced by a vibrator acting on a plywood
framewerk and by various saws cutting wood. Nolse spectra pro-
duced by various pneumaile toocls are shown in Flg., A.7.

The nolse from conventlonal plle drivers 1s characterlzed by
intense peaks assoclated with the ippacts of the hammer agalnst
the plie. The peal: levels assoclated wlth these 1mpacts are Indi-
cated 1in Fig. A.8 lor two conventional plle drivers, together
with the nolse levels produced by a sonle (vibratory, nonimpact)
plle driver.
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A.1.2 Average construction site noise pollution levels

Based on an analysls ol the activities that ocecur during each
phase of construction at the varlous types of sites, a llsting of
the equipment active during each phase was developed. This list~
ing, together with an estimate of the fractional number of sites
that invelve each equipment item, appears 1in Table A-1.

For site nolse analysls, this large table was simplifled by
averaging equipment usage over similar sites and by grouping to-
gether equipment ltems with similar nolse characteristles. Tor
the calculations, equipment with nolse characteristics that were
not known directly was replaced by equipment expected to have simi-
lar {(known) noise characteristics (e.g., back flllers and trenchers
were replaced by backhoes and loaders). Eguipment knewn to be
extremely quiet (e.g., electrlc cranes, electric fork 1lifts) was
totally omitted from the caleculations,

Since a glven 1tem of equipment 1s present at only a fraction
of all sites and only durlng part of each phase, and sinece 1% only
operates part of the time that it 1s present, a usage factor was
assipgned to each equipment ltem, This factor was calculated as
the produet of three factors: (1) the fractional number of sites
at which the equipment is used {based on Table A-l1l), (2} the esti-
mated fraction of the phase duraticn during which the equlpment ls
on site and (3) the duty cycle, 1.e., the fractlonal time that this
equipment 1s operating while on site [5]. The resulting usage
facters are summarized in Table A-2.

In order to calculate the silte 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 sound

A3
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TABLE A-Za.

Equipment®

Alr Compressor
Backhoe
Concrete Mixer
Concrete Pump

USAGE FACTORS OF EQUIPMENT

IN DOMESTIC HOUSING CONSTRUCTION#®

Construction Phase

Clearing
Excavaticn

L81]
[851] .02
L851]
[82]

o =

-

Cenerete Vibrator [76]

Crane, Derriclk
Crane, Moblle
Dozer
Generator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Pneumatic Tool
Pump

Rock Drill
Roller

Saw

Scraper
Shovel

Truck

[883

[e3]

L80] .04 , 08
[78] By

[85]) .05

[88]

L79] L0 .08
[89]

[101]

(8s5]

[76] A
{98] .01
L74]

£71a]

[agl .05

[682] 02
£91] .16 N

Foundation

.04
o

L08(2)

trection
Finishing

c

(823

. . .
= o M
2T A I

.1 . 04
.04

.02

. 025

.04
., 025

. .04

. 005

. 04
J1{2) LU (2)

.01

.16

¥ Numbers 1n parentheses represent average number of i1tems in use,
1f that number 1s greater than one,
very rare usage.

Blanks 1ndleate zero or

t Numbers in brackets [ represent average nclse levels [db(A)]

at 50 ft.
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TABLE A-2b,

Equipmentt

Alr Compressor
Backhoe
Concrete Mixer
Concrete Pump

Conecrete Vibrator

Crane, Derrilck
Crane, Mobille
Dozer
JGenerator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Pneunatic Tecol
Pump

Rock Drill
Roller

Saw

Scraper
Shovel

Trueck

USAGE FACTORS OF EQUIPMENT

IN NONRESIDENTIAL CONSTRUCTION®#

{81]
[85]
[85]
[82]
(76]
[88]
£831]
Laol
[78]
[85]
881
£791
[89]
[101]
[85)
[76]
[981]
{74]
[78]
[88]
£82]
[91]

Construction Phase

on

Clearing
Excavati
Foundation
Erection
Finishing

L.0(2) 1,002} 1.0(2) A2

L0k .16 .04
N Lk .16
A .08 .08
A 1 .04
.16 Loh
L18(2)  .ob(2)
.16 A .16
A{R) 1.0(2)
.08 .02
.1 .04 . 0l .04
.16 A .16
.1
.04
.ol J16(2)  Lob(2)
1.0(2) 1.0(2) 4
.04 005
L0h(3)  1.0(3)
.55
N
L16(2) A .16

¥ Numbers In parentheses represent average number of iltems in use,
if that number is greater than one., Blanks 1ndicate zero or
very rare usage.

t Numbers in brackets [ ] represent average nolse levels [db(4)]

at 50 ft.

A-6
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TABLE

Equipment™

Alr Compressor
Backhoe
Concrete Mlxer
Conerete Pump
Concrete Vibrator
Crane, Derrick
Crane, Mobile
Dozer
Generator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Pneumatic Tool
Pump

Rock Drill
Roller

Saw

Scraper

Shovel

Truck

A-2c. USAGE FACTORS OF EQUEIPMENT
IN INDUSTRIAL CONSTRUCTION®

Construction Phase

=

o 2
= 4+
" o
- >
i3 13
41} 5}
Ll x
[ 5] 51}

[81] 1.0

[85) L0 .16

L85]

f62]

L7el

[84]

(B3]

[8u] Lol .16

L781] A A

{B85] .05

1881 - .1

[79} .16 L16

[89]

L1017

[85]

[761] A

(98] . 0N

£74]

[78]

[88] R

[82] .2

[g1] L6 (a) L16(2)

1f that number is greater than one,

very rare usage.

=
o oh
— = =
Ll o U
1] e L
- + wn
= o -
= [+ [ =3
o 1 L
L Ld L
A b A
L0
] .16 L6
L LGB
., 04 L2
.08 L0
L 04
L2
.oh .0 o
L0h
12
L0k
.0k L1(3) Lol
1.0(2) A
.05
.1
L0H(2) L1(2)
.08
. 0B

# Numbers 1in parentheses represent average number of Ltems 1In use,
Blanks indicate zero or

t Numbers in brackets [ ] represent average noilse levels [do(A) ]

at 50 rt.

A=T



TABLE A-2d. USAGE FACTORS OF EQUIPMENT
IN PUBLIC WORKS CONSTRUCTION®

Equipment® Construction Phase
= =
S P =

h - - [~ =

= 4 43 S -

U o o = =

i - o - (%]

-] 143 = (8] Ll

[:4] (% = } L] =

Lol » (=] [ .-

o w (¥ Ll [T
Alr Compressor [81] 1.0(2) ! A JA(2)
Backhee [85] .0l A 16
Concrete Mixer [85] J16(2) L2) L16(2)
Concreie Pump [82]
Concrete Vibrator [76]
Crane, Derrick [88] 0.1 .0l . 0l
Crane, Mobile [83] .16
Dozer [80} .ol ] .16
Generator (781 .0(2) La(2) Ji(e) A L2}
Gradear [85] .08 .2 .08
Jack Hammer [88) .ol L2
Loader [79] 04 LA .16
Paver {891
Plle Driver [101)
Pneumatie Tool [85] L0482y .1 Lol
Pump £76] Jig2) 1.0(2) LAe2)
Rock Drill (98] L0k
Roller [74] .01
Saw [78] L0h(2)
Scraper [88] .08 W2 .08 .08
Shovel [82] .04 A .04 L0k
Truclk [91] L16(2) .16 L2} L16(2)

¥ Numbers 1n parentheses represent average number of items in use,
i1f that number ls greater than cne, Blanks indleate zero or
very rare usage,

T Numbers in brackets [ ) represent average nolse levels [db(A)]
at 50 ft. '
A-8
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preéssure, but also enough about its flme-variatlen so that cohe can
determine its standard deviation, In addltlon, the background
nolse levels enter in the evaluatlon of both of these quantities.
Accordingly, representatlve background nolse levels were selectéd
as 50 dB(A) for resildential, suburban, and rural sites and 70 dB(A)
for commerclal and industrlal {urban) sites, on the basls of data
for various U.S. and foreign locations [7].

Representative time-~variatlons of nolse were generated by
dividing each construction phase inte 50 equal time Intepvals,
The start (or "turn-~on")} times for each individual item listed in
Table A-2 were determined at random (by means cof a computer
random number generator), and the fractlonal "on-time" duration
for each item was taken as its usage factor (Table A-2). From the
noise level for each item of equipment, the total nolse 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 calculatlions for several sites/phases were
repeated several times, with different randomly selected start
times; the resulting NPL values were always found to lle within a
3 dB(A} interval. Although such repetitive calculations were not
carried out for all sites/phases, the reported site NPL values may
be considered as valld within #2 dB(A4).

A.2 Appliances

In the followlng sectlens, brief discussions are presented
ol applianhces not covered In the body of the report., We measured
the nolse levels of many of these appllances; these measurements
are presented here as 1/3~octave tand sound pressure data.

A-9




A.2,1 Can gpener, electric

Nolse of electric can openers 1s generated by the reducing
gears, the electrie motor, and the grating of the clamp agalnst
the moving 1ip of the can. Addltional noise Is radlated from the
plastic or metal panels ol the unit, Can openers are usually
mounzed on small rubber feet whieh partially isolate the vibration
from the work surface; however, wall mounting of the opener can
short~clrcult this i1solation., The A-welghted sound level at a
distance of 3 ft was measured for seven electrlc can openers; the
mean level was 606 dB(A).

Figure A.9 shows 1/3-octave band plots of the sound pressure
levels measured at g distance of 3 ft for two different can openers,
The peaks at 63 and 12% Hz are probably metor-induced while the
higher rfrequency peaks are probably related to the number of teeth

in the reducing gears,

A.2.2 Clothes dryer

Clothes dryers are relatively qulet appliances which conslst
of & rotatlng drum within a metal enclosure; heat 1s supplled by
elther electrle colls or a gas flame, The constant nolse of the
motor and the rumble of the drum, plus the combustlon roar in a pas
dryer, are punctuated by the noise of buttens or zippers lmpacting
wlth the metal chamber, A pange 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 electrlic dryers. PFlgure A.10 shows
1/3-octave band sound pressure level data for flve different dryers,

A-10
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A.2.3 Clothes washer

The nolse generating components of clothes washers lnclude:

* water nolse during the filling, agltatlion, and spinning

cycles

+ unbalanced loads, which cause excessive vilbration to be
transmltted Into piping and fleoor

* motor

* pump
Figure A.1ll presents the neolse levels for the wash cycle orf
five different machines; Fig., A.l2 shows nolse levels for the spin
cycle of four of these five machines, The peaks in the low-
frequency bands probably represent motor-induced noilse whlle those
in the mid-frequency bands may bhe related to splnning of the tub,

A.2.4 Coffee mill

A coffee mill consists of a grinding mechanism that 13 driven
by a motor to produce fine to coarse ground coffee. Motor-induced
nelse 1s radiated from the casing and the coffee bean enclosure.
Rubber feet are provided for vibration isolatlion. Measurements
were made at a 3 ft distance on two coffee mills: the two sound
levels were 75 dB(4) and 78 dB{A).

A.2.5 Dehumidifier

In a heme humidifiler, a small fan draws air across condensling
coils, collecting the melsture in a removable pan. Nolse measure-
ments were made of four dehumidiflers; the nolse varied from

52 dB(A) to 62 dB(A).




Flpure AV13 present 1/3-oclave band data for the quietest of
these unlts, The broad peak in the vieinity of 120 Hz is motor
induced; mid-Crequency nolse 1s domilnated by the fan, Although
compressors may be vibration isclated, the casing of a unit is
likely an Important radliator,

A.2.6 Edger and trimmer

An edger and frimmer ccnsists of a high-speed motor directly
driving a two-bladed knilfe, Thils lawn tool 15 used to trim the

gra.:s aleng walkways and the brush alonpg garden paths.

RFigure A.14 presents 1/3-octave band data on one unlt; the
sound level was 81 dB(A). The peaks iIn the frequency spectrum
seem to be the ls#, 2nd, 3rd, 6th, and 20th harmonics of 400 Hz.
It 1s anticlpated that narrower band analysls would reveal more
tonal components that are related to the blade passage of the

cut-.lng edge.

A.2,7 Fan

There are three general categeorlies of fans found 1n the home:
window fans, f{loor fans, and stove hood and bathroom exhaust fans,

» Window lans are usually standardized to a li-1in. or 22-1in.
size (12-in, and 20-1ln, dlameter blades respectively).
Features on deluxe models include thermostatilc control and
reverslble directicn of alr flow. Twelve noise measurements
of window fans ranged from 47 AB(A) to 66 dB{A}; the mean was

57 dB(A)., Low-speed to high-speed mean values showed a spread

of 17 dB(A).



Flgure A.15 presentc 1/3-cctave band nolse measurements 1'or
three window, fans for both low and high speed. The tonal zompo-
nents are likely related to the blade passape frequency of the
fan, the metor, the blade tip velocity, and the blade deouign,

* Floor fans or table lans usually conslst of a base, a small
electriec metor, and a blade wilth protective cage. They often

1 rotate back and forth to spread alr movement arcund an arc

i of 909 or so and ere usually designed to run at various

operating speeds. Twenty-two measurements at a 3 't distance

yielded z range of cound levels from 38 dAB(A) to 67 aB(A);

Cmgere ey s

the mean level was 54 dB(A).

Flgure A.16 presents 1/3~octave band data for three {loor lans

e AL

for both low and high spced, The nolse sources are very similar

Tl

i to those of window faus,

% + Stove heood exhaust fans and bathroom exhausts are typleully
& small axlal flow fans mounted dlrectly above the stove to

g extiaust cooking odors or in the bathreoom ceiling to exhaust
§ hot air, The mean dB(A) level of ten measurements at a

g 3 ft distance was 63 dB(A).

_% 'Figure A.17 presents narrowband data for our speeds for one
ﬁ particular stove hood exhaust fan, Again, the tones are related
g to motor nolse and blade passage fan nolse., Through the use of

i approprilate lining it should be possible to reduce the nolse of

E stove hood exhaust fans and bathroom exhaust fans by up to 15 dB(A).
a

&
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A.2.8 Food blender

The electrical motor contrel system on food blenders 1s de-
signed to drive the cutting blades (located at the hottom of a
remevable contaliner) at a wide range of speeds in order to perform
various food blending tasks. Speed control may be achleved by
uslng a variable-speed motor or selid state electronic networks.
The primary sources of nolge are the motor, the whirling of the
blades causing radiated nolse, structureborne noise, and agltating
noise of the fluid., From measurements of the nolse generated by
forelpgn and domestic food blenders, the sound level ranged from
62 to 8B dB(A) with a mean level of 75 dB{A). The container was
half full of water durlng most of these measurements. Flgure A.18
presents & series of narrowband measurements representing the noise
levels generated by one food blender running at each of nine dif-
ferant speeds. The peaks 1n the spectrum shift upward in frequency
with increased speed, suggesting a dependence on the blade passage
frequency of the cuttinpg edges. Figure A.19 shows the varlatilon
in nolse level for s maxlimum speed setting for flve 'ood blenders
of different manufacture.

A.2.9 Food mixer

Food mixers are available in both portable and table model
styles., Portable mixers are lightwelght versions of table models —
they have no base but consist of the same basic mechanisms: a
set of bheaters and a variable-speed motor or a single-speed motor
wlth reduction gears. Twenty-rive sound level measurements were
made at a 3 ft dlstance on domestie and forelgn, portable and
table model food mixers, The mixer was operated in a bowl halfl-
full of water for most of the measurements. The sound level ranged
from 49 dB(A) to 79 dB(A) with a mean level of 67 dB{A). Figure
A.20 shows narrowband analysis of mixer nolse at low speed and at

high speed.

A-14
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A.2.10 Freezer

The mechanical components of a freezer are a compressor,
evaporatlve coils, condensing colls, and one or two fans, as in
a refrigerator, Small freezers have the condensing cclls spread
over the baclk of the machine., On larger units, with their require-
ment for forced cooling, the condenser colls are grouped at the
bottom and cooled by a fan that alsc cools the compressor. With
the compressgor in operation, the sound levels generated hy three
home freezers were measured; the mean level was 41 dB{A) with a
range of 39 to 45 dB(A) at a 3-ft distance. Flgure A.21 shows
narrowband data for two of the three freezers. The primary nolse
generators are the motor, fans, and compressor, with some radlation

from the casing,

A.2.11 Hair clipper

A measurement of the nolise generated by a halr cllipper was
made at a distance of 3 ft; the sound level was 59 dB(A). The
nolse is generated by the motor and gears whilch enable the clipping

blades to vibrate.

A.2.12 Hair dryer

Different models of hair dryers all share the deslgn ob-
Jjective of forcing warmed air over wet hailr. Table models have
a hard-shelled enclesure like that of a professional halréressers
machine. Portable dryers have plastle bonnets connected to the
fan and heater by a [lexible hose. Noise is generated by the
fan, motor and alr fleow, A laster drylng rate is achlieved by
greater alr flow and hipher temperatures; thils, however, means
inereased nolse from the fan., The latest development of a
totally portable unit — with moteor and blower attached directly
to the bonnet — is the noilslest arrangement because 1t puts
the nolse source directly by the ear of the user., Six hair
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dryers were measured at a 3-ft distance; the mean level was

61 dBE(A). Figure A.22 shows 1l/3-octave band sound pressure
levels measured at a distance of 3 't from three units. The
low-frequency tonal cemponents are probably motor related, while
the hipgh-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 colls into the
rocm, The nolse generated by these heaters is due tc the electrie
motors, the fans, alr flow, and, often, rattling metallic parts,

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

heater.

A.2.14 Hedge clippers

The nolse of hedge cllippers, in which an electric motor runs
one or two cutter bars, 1s malnly generated by the motor and reclp-
rocating gear aetion. On some models, one bar moves back and
forth agalnst a stationary bar; on other models, two cutters recip-
rocate, Slnce the latter is a more balanced action, vibration to
the user 1s reduced. We measured a noise level of 84 AB(A) at

3 't from one unit.

£.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 thelr requirement
to be lightweight and high-powered, require forced coollng of the
motor and use high-speed universal motors which are coften neolsy
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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 pertable stralght-line or vibration sander is relatlvely
quiet when running free [63 dB(A) at 3 ft] because 1t has a lower
power requirement than most power tocls and requires no forced
cooling., PFigure A.23 shows narrowband data for two operations
of a belt sander: running free [82 dB(A)] and sanding wood
[86 aB{A)]. The primary nolse is the vibrating action of the
sander foot.

In drills the gears add tec the nolse — the more sets of gears
required, the noisler the operatlon. The nolse generated by four
1/4=in, drills with a single set of gears measured 76 to 80 dB(A),
the noise of two 3/8-in. drills with two sets of gears measured
83 dB(A), and the nolse of two 1/2-in, drills with three sets of
gears measured B4 and B7 dB(A). Figure A.24 presents nolse levels
measured near a 1/l-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., PRilgure A.25 presents narrowband data on &two
different drill presses, one working metal, the other wood.

Nolse levels generated by three different grinders working
metal [87 to 97 dB(A)] are shown in Pig., A.26. In Fig. A.27 the
nolse levels generated by a router running free [Bl1 dB(A)] are
compared wlth the levels when 1t 1s working wood [88 dB(a)l.
Holse levels of a small metal lathe are shown In Fig. A.28 for a
runhing free condition and for cutting metal. Filgure A.29 shows
the narrowband data for a sabre saw running free and cutting wood.
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Noise levels assoclated with the cutting of wood by a jlg saw, a
radial saw, & 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-
guency of teeth passing a glven point [g],

Tools such as a table grinder, lathe, table Jjlg saw, and table
band saw generate nolse levels in the mid-sixty to mlid-seventy
dB(A) renge at a 3-I't 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 whlch a fan ferces air through a wetted pad, Humidifiers ex-
emplily the recurring nolse problem from alr circulatlon caused by
fan, motor, and alr movement noise, TFlgure A.31 shows narrowband
data — 41, 51, and 65 dB(A) — for three settings of one humidifier,
The higher levels are assocliated with hilgher fan speeds and thereby
increased flow nolse.

A.2.17 Knife, electric

For easy bandling in the home, electric knives are designed
to be small and lightweight. Therefore, the electric motor and
gears for reclprocating blade action are encased in lightwelght
plastic. While the noise of an electric knife [with a range of
65 to 75 dB(A) and a mean level of. 70 dB(A) at 3 rt] can be annoy-
ing, 1t also acts as a signal that the knife 1s in operation.
IMlgure A,32 shouws narrowband date for two of the three samples.
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A.2.18 Knife sharpener

Electric knlfe sharpeners are often attached to electric can
openers as well as belng separate applilances, The rotatien of
sharpening stones alone 1s very quiet since just the motor and
shaft rotate; however, the interactlon between the stone and the
knife during the sharpening process makes an unavoldable grating
neise. A single measurement was made at a 3-ft distance; while
the noise levels vary dependling on the pressure of the knife
against the stone, 72 dB{A) 1s representative of a typical

sharpening operation.

A.2.19 Lawn mower, electric

The gears and the A,C. or battery powered engine of the rotary
type electric lawn mower are the main sources aof nelse. The rattl-
Ing of the engline housing and other metal parts plus the whirling
sound of the blade are also ldentiflable. Although an electric
lawn mower 1s olten quieter than a gascline-powerad lawn mower,
the two electric ones that were measured reglstered 81 and 89 dB{A)
at a 3-r't distance. The larger the lawn mower, the more powerful
an engline Is needed to rotate the blade, and thus the noilsler the
device. Certaln posslbilities appear feaslble for quieting the
electric lawn mower such as changes In blade design and speed
to reduce vortex nolse, tighter ceonstruetion of the tool, and
sound damping for the motor heousing and blade covering.

A.2.20 OQral lavage

An oral lavage ls a-device that uses the squlrting force of
water to cleanse the mouth. The motor drives a recliprocating pump,
connected to a water supply, which forces a tiny stream of water
out the end of a tube. Two measurements gave values of 70 and

T2 dB{A).
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A.2.21 Refrigerator

The majJority of the refrigerators sold today are automatically
defrosting, Cooling colls are located outside the freezer storapge
area and ¢old alr 1s circulated through the freezer unit by a fan.
The automatic defrost mechanlsm periodically melts the ice which
Torms on the coils. The trend in recent years has been to larger
refrigerators with features such as automatlc 1ce cube tray fill-
ing, lece cube maklng, and defrostlng. Refrigerators with such
features regquire more power and thus largel compressors wilth 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 nolse of the newer machines from greatly increas-
ing. Twelve refrigerators were measured at a distance of 3 ft
from the Iront, The levels ranged from 35 dB(A) to 52 dB{A) with
a mean level of 42 dB{A). Filgure A.33 presents narrowband data

For two refrigerators.

A.2.22 Sewing machine

Sewing machines from the simplest to the most sophlstlcated
and complex ones all have varlable-~speed eleetrlc motors, necessary
gear and drive mechanisms, and auxlillary accessories, There 1s a
wide range of controls avallable suech as stiteh tenslon, variable
stitch length and width, zilg-zag stiteching, forward-reverse actlon,

nieedle orilentation, etc. The more versatlle sewlng machines have

insertabkle cams which can be changed for dlfferent stitching pat-
terns, Measurements on two sewlng machilnes In operation gave
values of 70 dB(A) and 74 4B(A) measured 3 t't from the machine.
Figure A.3) shows narrowband data for these two machines.
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Possible nolse control measures are to reduce noise {rom the motor,
linkages, gears, and clutch by use of different materlals and more
effective enclosures. Resllient mounting of vibrating parts to
reduce structureborne vibration nolse 1s presently used,

A.2.23 Shaver, alectric

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 actlon — the nolse is generated by the motor and
gears. The mean sound level for men's and women's shavers was
60 dB{A) at a 3 It distance; the range was 47 to 6% dB(A). Flgure
A.35 shows narrowband data for f'our men's shavers and Filg. A.36

presents data for twe wemen's shavers.,

A.2,24 Toothbrush, electric

A small, lightweight high-speed moter run by elther A.C, power
or rechargeable batteries drives the detachable toothbrush. The
less expensive models allow rotatlon in only one plane perpendicu-
lar to the axls of the toothbrush, With addltional gearing, the
more expensive models simultaneocusly rotate and move laterally to
provide better cleaning acticn,

The main nolse sources of an electric toothbrush are the motor
and the gears., Typlically, the devices with more gears are nelsler,
The mean sound level of three different electric foothbrushes at a
3 ft distance 1n bathrooms was 52 dB(A) with a range cf 4B to
55 dB{(A)., At the user distance of about 3 in, from the device,
the sound level 1s about 10 dB(A) higher. Figure A.37 shows
narrowband data for an electric toothbrush,.
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Due to the overriding requirements for small size and light
welght, noise control technlques such as improving the sound trans.-
mission loss of the casing or adding sound absorptive material are
impractical, The most promising noilse reduction possibllitles will
likely come from the development of quileter gear operations through
the use of different materials or through designing the gears with
closer tolerances or & different configuration.

A.2,25 MWater faucets

Nolse from water faucets 1necludes water hammer, turbulence
and cavitatlon nolse. For partilcular values of pressure drop, a
valve can be designed to minimize cavitation and 1ts resulting
noise; however, no valve conf'iguration has been developed to
minimize the nolse for the full range of pressures that a valve
experlences. The measured sound level at & distance of 3 't for
two water faucets was 61 dB(A). If dle-casted hrass fittings could
replace sand-casted oneg, there would be a smoother Interlor flinilsh

which would result In less turbulent flow and quieter operation.

A.3 Typical Equipment in Buildings

Maﬁy different types cof electrical and mechanical equipment
are required for the proper operation of modern large bulldings.
Much ol thils equipment 1s hldden in egquipment rooms, behind cell-
ings, In walls, or behind cablnet type exterior enclosures, but the
total cost and volume assoclated with such egquipment represents a
significant part of the cost and utllity of a successful buillding.
The majority of the equipment (including most of the basice heating
and cooling system components) is for supplying the bullding cccu=-
pants with a sultable amount of ailr at a comfertable temperature
and molsture content. In additign, pumping and plping systems are
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used for water and fluld circulation, elevators and escalators are
used for movement of perscns, and varleus conveyance systems are
used f{or movement of material. In this sectilon, the use and func-
tlon of bullding equipment are brielfly deseribed. ‘Where available,
typlcal neolse levels are presented for the equipment, For detalled
Information and procedures, the reader 1z referred to Refs. 9, 10,
11, and 12 at the end of this Appendix,

A.3,1 Prime movers

The funetlon of prime movers ls teo transform ehergy — 1ln the
form of electric power or combustibie fuel — lInto rotational move-

ment for use in driving other eaqulpment,

Eleetrie Motors are the most wldely used of the prime
mover devlces. They range in capaclty from fractlonal hp
up to several thousand hp; most motors fall in the speed range
of about 450-3600 rpm. Motor nolue is generaved by aerodynamic,
mechanleal, and electrical orces. Aercdynami¢ nodise, of'ten the
most prominent nolse source, 1s generated by alr turbulence due to
movement of the blades of the coocling fan and the slets in the
rotor. Recent designs have used hiligher ccoling alr velocitles,

thereby increasing the nolse level,

Mechanical nolse is due to bearings and shaft unbalance. Al-
though mechanical necise can be identifled in rotating machilnery,
low-freqguency vibration rather than nolsé per sge is the usual
problem. Bearlng nolse is due to the sliding contact of sleeve
bearings and the rolling contact of ball and roller bearings., When
new, preclsion ball bearings are often quleter than sleeve bearings;
however, after much use, they are much noislier. In nhew equipment,
unbalance foreces are usually small, Wear or build-up of dirt on
the rotating component often increases the unbalance in a motor,



resulting in the generation of vibration at the rotatlonal fre-
quency and 1ts Integral multiples; e.g., since the shaft of a

3600 rpm motor turns at 3600 rpm + 6O ;ig = 60 g%%, energy will be

concentrated at 60, 120, 180 Hz, etec. wlth the 60-Hz component
belng the strongest.

Electrical neolse is generated by maghetostriction — where a
component (iron laminatlons) contracts and expands ln response to
an alternating magnetic field. Such effects are particularly
noticeable when D.C. or varilable-speed motors are supplled recti-
fied A.C. current, The wave-f'orm of the reectified current contains
high~freguency components that generate nolse in the more audible
Trequency ranges. The primary excitatlon frequency for magneto-
strietion 1s twlce the maln power frequency, e.g., in the USA,

2 x 60 Hz or 120 Hz.

In the past, motor noise was generally less than the nolse
produced by the driven component. However, motors desligned for
high-temperature rises or powered by rectified current may now be
the controlling nelse sources. Even In the case of relatlvely
qulet motors, motor nolse often becomes predominant when the driven
component 1s quleted. PFlgure A.38 presents a range of noise levels
typleal of a 3 't measurement positlon for the many different sizes
of motors used in buildings.

Diegel and Natural or LP (Liquified Propane) Gas Internal
Combuation Engines are sometlimes used when special conditlons make
them economically feasilble. They are often used in emergency power
systems, In total energy systems, and for driving large machines
such as chlllers. Nolse generated by internal combustion engines
censists of contributlons from the intake and the exhaust and
radlation from the casing. Although improperly mufiled exhaust
may be a source of community concern, the intake and radisticn from
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the casing =are typically greater problems for bulldings and con-
siderable detail must be gilven to controlling the noise. Figure
A.39 shovws a ranpe of nolse levels measured at 3 't from Lnternal

combustion englines found 1n bulldings.

Gag Turbinea are used almost excluslvely 1ln emergency power
and "total energy" systems. A total enerpgy 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 1In
the form of heat to cooling water and exhaust mases. A total
energy system salvages some of the energy which 1s usuazlly lost
and uses 1t to heat water, ete, The advantages of turblnes
over equlvalent internal combustion engines are their light welight,
smaller size, and lower vibration, which can be governing factors
for upper story installaticons. TFlgure A.H0 presents nolse levels
repraesentatlive of the noise generated by gas turbines.

Steam Turbines are sometimes used as high horsepower (over
50 hp) prime movers when high-pressure steam ls avallable as a
pubie utility service, Tlgure A.N1 shows the range of nolse levels
typically found near steam turbines.

Transformere, although their functilon differs from that of
the prime movers llsted above, supply prlméry electrical input
power; thelr output is an altered form of electrical power (higher
amperage and lower voltage) rather than motlon., The use of trans-
formers permlts large amecunts of electrlcal energy to be supplied
te a bullding with relatively small supply cables. Holse generated
by transformers Ils due primarilily to the magetostrictlive effect in
the transformer cores, Thus, the nolse conslsts of a harmonile

serles of component tones with a fundamental f{requency equal to
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twlce the maln power [requency. The range of nolse levels gener-
ated by transformers typlcally housed Iin bulldings 1s presented
in Plg. a.u2.

Generaters or Convertors are used to produce local electriclty
in emergencles when electrical power 1Is unavailable from outside
sources, to produce direet current electriclty, or to convert
power from one frequency to ancther, The noise generating charac-
teristlies and nolse levels of generators are similar te those of

electrical motors.

A.3.2 Fluid handling units

Pumpi may be the common centrifugal type that uses an eleg-
tric motor drive, or the diaphragm or plston or gear-rotor types
that are positive displacement unlts, HMany of the pumps In a
buildingfare part of the overall alr-conditicning system. They
convey water to and from coecling teowers, chillers, bollers, and
coll deecks in alrconditioners, humidiflers, unit heaters, unit
ventilators, and inductlon units. Pumps may also be used to supply
fuel oil to bollers, domestlic water to upper loors, emergency
fire-Tighting water, hot water lor variocus uses such as convectors,
lece meltlng, radliant heating, etc., and lor sewerage ejection from

low levels.

Holse problems due to pumps are usually caused by mechanical
forces and turbulence. HNolse 1s radlated by the caslng of the
pump and associlated plping. In order to prevent the tonal compo-
nents at the impeller passage {requency (the impeller speed in
revoiutions‘per second multiplied by the number of lmpellers) from
belng detectable at remote locations, a vibration break of flexible
connectlons In the piplng i1s sometimes provided. lHowever, sound
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energy in the fluld may flank this flexible connection so that the
pipe vwalls are excited downstream of the plpe break. FPFigure A,43
shows a range of noise levels typlcal of many pumps used 1n build-

ings.

Steam Valves may be used elther to control veolume flow or to
reduce the pressure from the main supply system. A steam valve, f
like any valve, 1s noislest when there is a large pressure differ- i
ential between the upstream and downstream of the valve, A typical A

spectrum for steam valve noise 1s presented in Fig. a.44.

A.3.3 Air handling

Fana are the driving mechanism for moving alr about =z bulld-
ing. Prepeller-type fans may be used to distrlbute large quanti-
ties of air at little pressure drop across the fan; centrifugal
and axial-flow type fans may builld up relatively large static
pressures 1n an ailr handling system and thus are used mostly
in ducted ventilatlon systems In large buildings. In a ducted
system, the alr will tend to flow toward reglons of lesser
statlc pressure, eventually to be released at amblent pressure
in the bullding proper. i

Fan nolse 18 generated by mechanical and gerodynamle sources.
Bearings and unbalanced shafts are the primary mechanlcal sources;
with proper construction and maintenance, fan nolse from these
sources can be minlmized. Aerodynamie nolse may be divided into
compenents due to rotation and due to vortex shedding., Since an
impluse is lmparted to the alr each time a fan blade paaaes a given
polnt, the rotatlonal component consists of a series of tones at
multiples of the blade passage frequency (rotational speed 1n
revolutions per second times the number of blades). The vortex




component 1s primarily the result of the shedding of vortleces
from the fan blades; 1t is an example of broadband random nolse,
Depending upon the type, size, and geometry of a particular fan,
the total nolse generated will have varying contributilons from
vortex and rotatlonal noise.

The horsepower, volume flow, and static pressure, and thus
the mechanleal elflclency, are Important 1ndleators of the noilcse
that will be generated by a particular type of fan. Pilgure A.45
shows estimated levels for a range of fans utilized in bhulldings.
The nolise problems that do occur are usually due to either a
fallure by the mechanical or accustical system designer to conslder
an important source cr path, or a fallure of the buillder to in-
corporate properly the designed neolse control features in the
bullding.

Aip Control Unite and Mizing Boxeos comprise a family of
supply alr control and treatment devices that provide air at the
proper velume, pressure, and temperature to & room. These devices
include: constant volume control (CVCs), terminal reheat units
(TRs), variable volume controls (VVCs), and dual duct mixing boxes.
Thelr function, In many instances, 1s analogous to steam valves —
they take alr which has passed through a small duct at high
velocity and pressure and reduce 1ts pressure and control 1ts
volume flow. A constant volume control takes in alr at varylng
pressure (caused by changing demands elsewhere in the system) and
discharges a constant volume of alr at a constant pressure, A
terminal reheat unit adds the capabllity of heating the alr by
passing it over an electric or hot water coil before 1t 1s disw
charged, A variable volume control meters out an amount of heat-
ing or cooling slr as demanded by a local thermostat and reduces
the static pressure of the alr to obtaln the desired veolume. Each
of these units is usually located toward the end of supply ducts
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near the space 1t serves, Nolse generated by alr control units
and mlixing boxes ls a functlon of the pressure drop acress the
device and the volume of alr flow, Figure A.N6 presents a range
of nolse levels typleal of a 3 't distance from these units,

Diffuaers, Grillee, Regiotera, and Louvera. After a supply
of air at the correct pressure, temperature, and volume has been
provided to the vieinity of a reom, it must be Introduced and
distributed Into the room wlthout causing drafts. Portlons 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
all the alr should be distributed so as to provide ventilation to
all parts of the space. This is done with varilous diffusing or
direction-contrelling devices, usually [abricated from sheet metal,
econsisting of fins, blades, vanes, etc., that are located at the
end of the duct. Perforated grilles, registers, or other simllar
devices are used to receive the alr to be returned to the dilstri-
bution system. The noise generated by terminal devices, such as
diffusers, 1s dependent on the pressure drop across the device,
the volume of alr flow, the cross-secticnal area, and the spacing
between vanes, Figure A,47 1llustrates the range of nolse levels

posslble with various dilffusers, grilles, etc.

Air Compressors are the source of high-pressure air whieh 1s
used by many large bulldings as an energy source for pneumatlc
control devices throughout the ventilatlion system. Sueh controllers
include fresh air intake dampers, zone control dampers, induction
units, unilt ventillators, mixing valves In mizxing boxes, and control
valves in CVC and VVC units. The high-pressure alr provided by
the compressor must be piped throughout the bullding, llrst to
thermostats and then to the pneumatic operateors. Buildings which

A-29



have laberatory or workshep facllitles usually supply compressed
alr to those spaces. Alr compressors are most often of the pisten
type and, depending upon the slze of the unlit, the reciprocating
action of this type of compressor may make satlsfactory vibration
isclation difficult, TFigure A.48 1s an example of noilse 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 air, to regulate alr tempera-
ture and humldity, and to propel the conditioned air to 1ts desti-
nation, The fan in the airconditioner serves two purposes:

1) to move the air through the filters and heating and cooling
colls, and 2) to provide enocugh static pressure to push the air
throughout the duct system to the desired spaces. The heating and
coollng ceolls are liquld-te-alr heat exchangers, recelving warm or
cold water or refrigerant from other machines and transferring
warmth £o or from the air carried past them.

Central Station. Strictly speaking, "central statilon" refers
to the entire collectlon of equipment that has a part in condition-
ing the air that 1s ultimately distributed to the building. In its
more limlted use here, "eentral station'" refers to the fan plenum

equipment of the alrconditioner. The equipment includes controllers

and fillters on the 1lnlet side and heating and cooling colls, and
temperature controllers and, possibly, zone controllers oh the
discharge slde. The cooling colls act as dehumldiflers in that
warm, moisture-~laden air condenses on them., Occasionally, & humld-
ifier is ilncorpeorated to add humldity for speclal needs, Central
statlon unlts are most common in large multistory buildings. The
size of a particular unit will depend upon the service that 1t Is
supplying. Nolse levels for units typically fcund in bulldings

are presented in Fig, A.49.
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Unitary Rooftop Units are usually found on one- or tyo-story
buildings., They perform the same function as the larger central
statlon units but do not rely on other machines to provide het or
cold fluid to thelr heating and eocling colls; In other words,
these units include their own compressors, condensers, ete. In a
large one-story bullding or building complex, this can represent
a savings on the heating and cooling water piping which would be
needed 1f the units were dependent on other machlines, Flgure A,H/Q
presents nolse levels measured near both small (the lower curve)

and large units,

Unitary Split System Unitas are usually found 1in small bulld-
ings, They are almost ldentleal 1ln function to rooftop units, but
they are leocated on occupled floors In the bullding., Thus, a
remcte heat exchanger (elther a condenser or cooling tower) must
be provided to reject waste heat when the unlts are coollng. The
refrigerant compressor may be located remote from the unilt together
with the condenser,

Fan Coill Unites are rather llke minlature central station air-
condlitioners in that they draw in fresh alr and rely on outside
sources for hot water, cold water, or steam for thelr heatlng and
cooling coils. They are small unlts, usually enclosed within a
cabinet and placed under or near windows. Some units, rather than
relying on hot water, use electric heating colls, Typlcal ncise
levels for fan coll unilts are presented in Fig, A,51.

Induction Unites are simllar in appearance and locatlon to Tan
¢oill units but recelve alr from a central statlon unit at a rather
high pressure, 1 to 4-in, statle pressure, as compared toc less
than l-1in, operating static pressure for unit ventllators. This
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alr ls used to lnduce circulation of the room air. Such unilts
are also provided with heating and coollng coils to temper the
alr which they recelve from the central supply. A range of
nolse levels for typlcal inductlon units are shown in Fig. A-52.

Humidifieros, Dehumidifiers, Heaters and Furnacea, although
grouped under the heading of alr conditloners, have only one
function: to increase or decrease humidity, or to heat.

v Humidifieras gre of two general types: 1) those that add
steam to the air, and 2) those that blow the air through
or over molst surfaces to add water to the air. Both
types can be bullt into ductwork or can stand alone to
serve a particular space. The steam type consists of g
steam nozzle, a control valve, and possibly a Tan. The \
moist surface type consists of a Tan (if not located in
ductwork), a water pump, and a moving porcus belt or disk
which passes through the water and then through the moving
alr,

+ Deghumidifiera, 1I requlred, may be located In the ductwork
where alr flow 1is provided by the system fan. The primary
element is a coolling coll whlch condenses moisture cut of
the passing alr. In such an 1lnstallation, a heating coil
may be provided to temper the excesslvely cooled air that
leaves the coeling coll., A self-contalned unilt will include
a fan but usually not a heating ceoil.

Unit Heatere consist of a remote fan and heating coll,

which may be elther electric or mechanical, and recelve
hot water or steam from an external source. Such unlts
are often used 1In little-occupled spaces such as mechanical ;

equipment rooms, storage spaces, garages, stailrwaya, etce,
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* Warm Air Furnaccs burn gaseous or cill fuel and use an
Integral alr-to-alr heat exchanger to heat the ailr. They
usually have two bullt-in-fans, one to circulate the air,
the other to provide ailr for combustlon. They are often
used in small bulldings which de not have access to large
quantities of hot water or steam.

A.3.5 Boilers

For supplying warm alr to a bulldlng, mest alr cendltlonlng
systems use hot water or steam supplied by a boller that may be
located elther nearby or remote from the buillding., {(In total
energy systems, waste heat from the engines may be captured to
heat water in place of or in addition to a boller.) Bollers
heat water or generate steam by burning a fuel and passing the
water through or around the fire in a gas-to-ligquld heat exchanger,

There are two principal types of boellers: water tube and flire

tube. In the water tube boller the tubes are fi1lled with watler

and pass through the fire, In the fire tube boller, the boller

1s fllled with water and combustion takes place in tubes that
pass through the water., Steam boiflers are usually of the water
tube type, whilile hot water bollers may he elther type. Filgure A-53
shows a range of nelse levels typlcal of boller operations; fire
tube bollers are represented by the upper part of thls range and
water tube bollers by the lowyer parts. Gas-flred burners 1in

beilers are mueh quieter than oll-flred burners.

A.3.6 Refrigeration machines or chillers

Refrigeration machlnes or chillers use varlous metheods to
remove heat from water supplied to coollng coils (the "chilled
water"! and transier that heat to cther water for eventual

rejectlon,
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Absorpticon/Cyele Maehines use heat energy and a salt solu-
tion to transfer heat from the chllled water system to the reject
< ' )
he?t system. The machine 1s composed of tanks, condensers, evapo-

P

"rators, heat exchangers, pumpa, and controls. On a per ton
capaclty basls, they are larger than vapor compresaion eyecle
machines. PFlgure A-54. presents nolse levels typlcal of these
machines for puildlng use.

Vapor Compresaion {yele Machines, whlch are commonly called
chillers, use a compressor to compress the refrigerant; the re-
sulting hot compressed gas passes through a condenser where 1t
1s cooled and changed to a llguid., The refrlgerant ls then allowed
to expaﬁd;'further ecoling it. The "chllled -water" 1s then passed
through a heat exchanger with the cocled gas and is cooled., The
resulting heated refrlgerant is again compressed and the cycle
repeated, Chlllers use varlous types of compressors: the posi~
tive displacement {plston and rotary screw) and the centrlifugal
types; nolse levels representative of these types are precented
In Flgs. A-55, A-56, and A-57 respectilvely.

Small Hermetic Kefrigerant Compresscrs are used in small
alrcondltioners in conjunction with 1ntegral or remote alr-ccoled
cendensers. These units function exactly the same as the com-—
presaors 1ln vapor compression cycle machlnes except that the
refrigerant 1s cooled in an alr-cooled condenser rather than by
a reject-heat water~clrcuit condenser.

A.3.7 Heat rejectors
In most refrilgeratlion machlnes, rejected heat 1s transferred
to water, which may be used once, e.g., river water, or repeatedly,
"1In which case it must be cooled for re-~use. Coollng towers,
spray ponds, and alr-cooled condensers are used tc cool the water.
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Cooling Toweres recelve large volumes of warm (typleally B86°
to 75°F) water and cool 1t 4 few degrees. In the process, the
incoming warm water 1s sprayed on&o the cooling tower "ri1il,"

a stack of wood, plastlc planks or sheets, or ceramlc blocks
which have a large surlace area. Typleally, a fan is used to
force alr through the fi1ll, cooling the water by evaporatlon,

The alr 1s expelled 1In a saturated or near-saturated condition
Noise 1s generated by the

Centrlfugal coollng

and is usually a few degrees warmer.
Tan and by the water falllng into the basin.
towers (using centrifugal fans) are quieter than propeller-fan

towers. Figure A-58 presents a range of nolse levels typilcal

for hoth centrifugal and propeller towers.

Condenaers of the liguld-coocled type are used in all large
refrigeration machines; smaller machines use directly alr-cooled

In a condenser, the entering gaseous refrigerant
where

condensers.
1s cooled as it passes through the gas-to-alr exchanger,

the gas condenses to its liquid form, and the resulting liquid
is returned to the refrigeration machlne, A fan 1s frequently
used to foree alr flow through the heat exchanger., PMFigure A-59
presents a range of nolse levels representative ol air-cooled

condenser nolse,

A.3.8 Conveyance systems

In multistory bulldings, it is necessary to transport large
numhers of people gquickly. It is also desirable to transport
heavy objects from ohe floor to another, and In hotels, hospitals,
and apartments, to transport trash and solled laundry to their
respective collection areas from many locations 1In the buildings.
Elevators, escalators, and pneumatic transport systems are
examples of the conveyarnce systems used 1n builldings.
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Elevatoras conslst of three major components: the cab, holst
cables and counterwelghts, and the holst motors or hydraulle 1ift
plsten. The welght of the cab Is partlally balaneed by the counter-
welghts whilich are lowered as the cab 1s raiusc:dd, The holst motors
are DC-powered, which 1s best sulted to the frequent starting,
acceleration, and stoppling operations ol ¢levators. Supply cur-
rent 1s generated by accompanylng motor-geaerator sets (using
standard AC motor drlves) or large rectif'lers. 'The hoist motors
are located directiy over the elevator shaft, usually on the
rocl’ of a bullding, or at varlous upper floor luevels. Hydraulle
power 1s sometimes used for dlstances of under 460 fi. A hydraulice
pump provldes the driving force. Flgure A-60 presents noilse
levels typlecally found in elevator machinery rcoms.

Egealatore are comprised of two major components: the stailrs
wilth tracks and the drive motors. The motors are usually located
beneath the lowest {light, the upper fllghts being driven by those

below,

Preumqtic Transport Syctems Use low-pressure differentials
exerted over large cor amall areas to move comparable slzed loads,
The chiefl components are a high-pressure fan, a duct systen,
loadlng and unleadlng staticns, and contrel devices. In a typlcal
system, the fan 1s run at an ldle speed (say 1/2 full speed which
reguires only 1/8 of the [full-speed hp) until the loading station
slgnals for full-speed operation. The locad ls then ceonveyed
through the duct system to the deslred unlecadlng statilen. At
the unloadlng station, the passage of the load silgnals the blower
whilch then drope to ldle speed,
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A.3.%8 Ballasts

Fluorescent and mercury arc llghtc reguire higher voltape
pewer than the normal 115v line current. Ballasts are essen-
tlally small transformers whlch alter Lhe voltage Lo sult this
need, Ballasts are usually mounted rlpldly to llght sheet metal
panels in order to provide the required coollng area. These
panels often serve as very eilectlve radlators ol scund; thus,
the noise levels may vary conslderably. DIigure A-6)1 presents
measured data for one 1installatlon., Holse levels In other in-
stallations with different ballasts and fixtures may be as much
as 10 dB guleter or nolsler 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 thils report have provided
detalled breakdowns of the impact on people of exposure to
a varlety of nolse sources. This section of the report is
intended to permlt the reader to gain an appreciation for
the signiflcance of these estimates, It therefore consists
primarily ol caveats.

First, it must be stressed that both the physical
levels of the nolse scurces and the levels at which effects
on people are speclfled are, at best, imperfect estimates.
Every attempt has been made to obtain unblased and statistl-
cally sufficlent estimates. Nonetheless, the actual levels
mentioned in the text cannof be repgarded as exact. Vari-
ability ds inherent not only in the measurement process,
but also in the nolse sources, the propagation paths by
which thelr sounds are transmlited to people, and of course
In the respenses of peaple. Thus, Individuzal instances of
extreme sensitivity to nolse effects are to be expected, as
are cases of excessively nolsy and quliet scurces., In some
sltuatlons the total amount of variability may he so great
as to transflform assessment of nolse impsect, a priori, into
an Ilmponderable lssue., It is lmportant to acknowledge that
the lmpact estimatien of Sectlens 3.2.2 and 3.3.2 can per~
taln oniy to the general, rather than the specifile, instance,

It must also be understood that research on the eflects
of nolse on pecple has been ¢onducted for the meat part under
controiled and simplifiled condlfions, The application of
knowledge galned from such experimentation to heteropgencous
nopulaticons llving in complex environments necessarlly entalls
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a falr amount of 1Interpretaticon and approximasion. Dilsagreement
among experts on matters of detall is probably unavoldable,

Yet another important consideratlon to bear In mind when
reading the sectlons on the Impact of home apnliance, bullding
equlipment, and construction nolse on people {s that these nolses
comprise only a fraction of most people's dally nolse exposure.
Since many nolse elfects are cumulative In nature, discussion ol
the Impact of exposure to restricted c¢classes of nolse is both
arcifielal and potentlally misleading. It is not safe fo assume,
for example, that hearlng damage is not a substantial risk to
the publiec at large merely because the rislk from constructlon

nolse exposure is negligible.

In short, it has been necessary to make a large number of
assumptions in preparing mest sectlons of thils report. Asaump-
tlons are the coin wlth which econelusiens are purchased. The
reader must understand the assumptions before he can declde for
himself whether the conclusions are worth the price,

' The final cautlon 1s perhaps the most basic. Stated simply,
it is that ne attempt has been made In this report to address
the cruelal issues of sccial desirabllity and costs of noise
Impacts, Such issues were purposely avoided as inappropriate
and far beyond the scope of the current report. Value Judgments
about how much nolse exposure ls tolerable must lnevitably be
made, however, I1f thls report is to be fully useful. Adminis-
tratlve or legislative bodles must eventually declde how much
hearing loss workers must suffer to maintaln industrial pro-
ductivity; how much annoyance, stress, and task Interference
the public must endure; how much sleep interflerence 1s teco much;
and so forth. The authors hope that this report willl provide
the data and conclusions essentlal for Intelllpent actions on

these issues.

——
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B.2 Discussion of Construction Data

Table B-1 tabulates nonresidential bulldinig construction in
1970 by the nature of metropolitan reglon in which eleven majJor
catepgories of bulldlings were constructed. Construction effort
in each bullding category is characterized both by the number of
sltes and the total construction coat in each repglen, The averape
cost of each type of bullding in each replon 1s also presented in
Table B-1, The cost estimates are necessary for accurate estima-
tion of the number of machine-hours cf equlpment operation at
each site. The wlde varilabillity of buillding costs deserves
specilal note. Offlce buildings iIn larpge, higph-density central
cities cost an averape of $1.9 million while the same type of
hullding costs an average of only $.67 million 1In low-denslty
central clties.

The sources of the data in Table B~1 include the followlris:

» Columns 1 ard 2: Unpublished tabulatlon by U.S3. Buream of
the Census of all nonresldentlial bullding permits for 149710;

+ Columns 3, %, 5 and 6: Estlmates based on population ratilcs,
construction level ratlos (where known), and assumptions
ahout probabkle unlt costs; and

« Column 7: Construeticon Review, except for lines 2, 5, and
T, whlch were egstlmated on the basls of known ratlos of
lavge clty to national construction ratlos.

Two cateporlies of nonresldentlal bullding are recognized by
the RBureau of the Census but are not dlscussed in this report.
One 18 "residential garages and earports™, of whlch 150,885 were
authorized in 1970, at an average cost of $1600. Carport con-
structlon was Judged to contribute nerlliglibly to construction

noise problems. The second catepgery ol bulldings recophized by



TABLE B~1., GEOGRAPHIC DISTRIBUTION OF MAJOR NONRESIDENTIAL CONSTRUCTLOM
BY TYPE OF BUILDING {1970}
Other Cen-
Large High-Density Large Low-Density tral Cities
Central Cities Central Cities (Est.}
Type of Building Bldgq., Cost Avg., Cost|Bldg. Cast Avg., Cost|Bldg. CLost
Offilce, Bank,
Prafessional 235 $438M  $2863K | 815 $559M 4 GBGK |1998 3378M
Hotel, HMotel, ete. 21 108 4015 56 76 1335 137 127
Hospitals and
Institutions 123 326 2647 120 103 861 2al 233
Schools 67 73 1001 149 ko 267 366 106
Publie Works Bildg. 58 48 822 107 Gi 601 262 75
Industrilal 362 92 253 8o g3 116 1961 306
Parking Garage 82 33 398 114 Lg 429 279 43
Religlous 81 21 255 160 24 149 392 4o
Recreatlional 43 17 4o2 380 25 66 932 65
Store, Mercantile .
Bldg. 533 84 159 {1649 205 124 |4ohs 352
Service, Repalr
Station 341 12 hy 553 13 23 |1355 b1
Qutside
Nonurbanized Metro-
Urban Ketropolitan politan
Fringe Area Area National
. (Est, ) (Est.} {(Est.) Total
Type of Building Bldg, Cost | Bldg. Cast Bldg, Cost | Bldg. Cost
Grfice, Bank,
Professional 3168 $600M | 1h2k $270M | 2260 $U56i | 9900 $2701H
Hotel, Hotel, ete. 3 320 154 143 207 157 929 931
flospltals and
Institutions 5590 UE8 ags 210 411 272 1803 16311
Schools 687 197 309 88 Les 162 2043 606
Publlic Works 3ldm. 689 196 310 88 421 g5 1847 5606
Industrial 6370 989 3867 kye 3706 391 16336 2316
Parking Garape BU1 1hs 379 66 500 T2 2165 41y
Religlous 1826 185 823 83 970 71 basz k23
Recreational 1355 g9 628 Ly 998 51 4376 301
Store, Mercantile
Blde. 11425 998 5148 449 7268 424 29058 2512
Servics, Repair
dtatlon 3220 g7 1451 b3 2050 b2 8970 247

Beedy
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TABLE B-2.

Type of Building

GEQGRAPRIC DISTRIBUTION OF RESIDENTIAL BUILDING
CONSTRUCTION BY TYPE OF BUILDING {1970)

Large Low-Density
Central Cities

Large High-Density
Centrail Cities*

Sinpgle-Unit

Two-Unit

Three- and Four-Unlt
Five-Unlt and Larger

Type of Building

Single-Unlt

Two-Unit

Three~ and Four-Unit
Five-Unit and Larger

Urban Fringe

Total Avg.
Const, Const,
Bldyg. Cost Cost
5742 5 BeM % 15.1K
2044 hé 22.7
i77 9 51.2
7h5 532 716.0
Other
Central Cities
Total Avg.
Canst. Const,
Bldg. Cost Cost
B5776 $1478 ¢ 17.0K
L7786 9z 19.3
3266 109 33.4
ghgé 1083 150.0

Nonurbanized
Metropolitan Area

Metropolitan Area

{Est.)
Total Avg,
Const. Const,

Type of Building Bldg, Cost Cost
Single-Unit 109018 $21716 % 19.9K
Two--Unit 28c0 63 22.6
Three- and Foup-Unit 1593 57 35.8
five-iUnit and Larger 5166 a57 185.2

National Total
Total
Const.,

Type of Buiiding Bldg. Cost
Singla-Unit 624767 $11605
Trno--Unit 22231 4382
Three- and Four-Units 11895 Lok
Five-Unit and Larger 32465 6109

#Z%ee See. 3.2.1.2, Table IX, for deflnitions of larme high-density

and large low-denslty central cltles,
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the Census but not discussed in the current report 1s "all other
nenresidential buildings", of which 259,814 were authorized at
ar average cost of $#6,760. The latter category of construction
was consldered too heterogeneous 1n nature to permlt reascnable
estimation of the nature of construction noise at a "typlcal"
alie,

Table B-2 presents data on the constructlon effort involved
In erecting resldential bulldings as a functlon of the type of
metropolitan regton 1n whleh the construction ocecurs. The data
of Table B-2 were obtained frem unpublished Bureau of the Census
tabulatlons and from the Census publlcation Construction Reporta:
Housing Authorived by Building Permits and Publie Contractas, 1970

B.3 Estimating the Extent of Public Works Construction Noise

The public 1s exposed to constructlion nolse not only from
operations of erectlng bulldings of varlous sorts, but also from
operations arlsing Trom public works constructlon. Such opera-
tiona ineclude road, highway, street, and sidewalk construction
and maintenance, as well as sewerape, water works, and utillitles
inatallation and malntenance. The nolse created by these con-
structlon activities is frequently prolonged and intense. Even
amaell repalr Jobs on water works create conslderable nolse as

seztlons of pavement are ripped up to galn access to buried pipes.

Estimatlon of the amount of noise created by such actlvitiles
required that a number of assumptions be made about the distribu-
tion of construction neise from publie works sites. The most
important assumptlon was that federal and state publlc works
activity could be neglected for the purpeses of thls study ailnce
it occurs primarily in rural reglons of low populatloen density.
Attentlon was therefore concentrated on munleipal publie works
activities withln SMSAs.
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Although summary reports contain ample information on federal
and state publice works actlvities, comparable municlpal data are
avallable only from indlvidual munlfelpalities. We have been able
to obtalin fairly complete data on municipal publlc works construc-
tion and malntenance for twe large, high-density clitles: the
central city, Boston, Massachusetts, and the adJacent clty of
Cambrldge., We have used thls Information, together with the {ipure
of 42,000 miles for municipal streef construction throughout the
country 1in 1969, published by the Federal Highway Administration,
to estimate total sewerage and water works activity (in termu of
miles of pipe and mains laid) for the country.

In carrylng cut these calculatlons, we assumed average values
of 2.0 miles each of water and of sewer main per mlle ol new
street. We further acsumed that on the averapge, water and sewer
main additions per year would be 2% and 1.5% of exlating footage,
regpectively, as opposed to 7.5% for the annual increase in length
of municipal street systems. This gave estlinated country-wide
values of some 11,000 mlles of water mains and 8,000 miles of
sewage mains. These estlmates are considered reasonable in that
they are about half as great as would be obtained if the respee-
tive annual U.S5. expenditure for water works and sewer construction
were &allocated sclely teo the installation of mains. Moreover, some
mains would be installed concurrently wlth street construction and,
as a conseguence, not constitute separate sources of nolse poliu-
tion.

Inherent 1iIn our approach to the estimatlon of exposure of the
population te munleipal constructlion nelse !s the assumptlon that
the locus aof both munleipal construction and of population exposed
1s the street system of a munlelipality. We have thercfore focuszd
an the numbers of lnhabltants distributed in permanent reslidencae
along the streets of a munleipality as an lndex of the impact of

B-7



street-associated munlelpal constructlon nolse. TIn order to faclli-
tate the use of thls approach, we developed a correlation (see

Flg. B-=1) betweaen population density and the quantitles, miles ol
stpreet per square mile and Inhabltants per mile of street for
several dozen cltles, towns and countles in Massachusetts and Penn-
sylvania for which we had data avallable,

Using the above correlatlon, together with the amounts of
munieipal publie works conwtruction estimated earlier, we arrived
at the Impact estimates presented In Table B~3. The indicated
exposares of residents aleong streets where munlelpal publle works
constructlion Is taking place are 10 nilllen and 4.4 million Indil-
viduals, for street and water works and sewer constructlon,
respectively, making a total of 14.% millinn individuals exposed

to publie works construction noise.

B.4 Propagation Loss Model For Building Construction Sites In
iletropolitan Areas
Two classes of people are exposed to cdonstruction neclse: the
stationary populatlon whieh inhabits the reglen around the construe-
tlon site {(workers and residents) and the translent population which
passes by the site (drivers, passengers, and pedestrlans.) Two
motels were conétructed to estimate the extent to whleh slte nolse

is attenuated for each class of observers.,

Ftationary Population

The entire stationary populaticn around a construction slte
was assumed to be Indoors with celosed windows. Acoustle propapa-
tion locss was modeled by postulatling a representative site geocmetry
and anplying the formula

H = 20 1og§-ﬂ-+2o aB




TABLE B-3. ANNUAL EXPOSURE OF PERSONS IN METROPOLITAN AREAS 70
MUNICIPAL CONSTRUCTION NOISE

LENGTH OF MUNICIPAL CONSTRUCTION (MILES)

Met. Areas

Large, Large, Qutside

High-Bensity Low-Density A1l Other Urban Urban
Activity Central Cities Central Lities Central Cities Fringes Fringes Total
Street, highway 273 2,150 6,000 13,800 21,700 41,923
Sewerage & Water 125 990 g, 700 5,065 g,850 18,730
398 3,140 8,700 16,865 31,550 60,653

Population Density
(people/sq. mi.) 15,160 4,410 3,71n 3,380 125
Area {(sq. mi.) 1,468 2,389 6,981 14,707 179,276

Street Distribution
(miles of street/
sq. mi.} 21 10.2 9.5 £.9 1.35

Linear Distribution
of Population

{(pecple/mile of
street) 720 430 390 380 3

6-g

PERSONS EXPOSED TO MUNICIPAL CONSTRUCTION NOISE (x10“3)
Met. Areas

Large Large, Outside

High-Density Low-Density A11 Other Urban Urban
Activity Central Cities Central Cities Central Cities Fringes _ Fringes Jotal
Street, highway 196 925 2,340 AV D00 29,4851
Sewerage & Water 90 25 1,050 1,020 920 h,h03
286 1,350 3,390 6,350 2,200 18,350

o Abeut 14,5 milllon peonle exposed to municinal construction nolse.

—— i o o o e e n e a4 P . C e e e e .



where H = total propagation loss
R range from source to observer
Ra reflerence range at which slte source level

jt]

wags measured (50 f£t).

Twenty dB was added to account for the loss through building walls
with clesed windows. The resulting transmissicn less contours are
shown in Flgure 19 of the maln text.

Transient Population

People passing by a construction slte continucusly vary Cheir
dilstance from the sifte. A model such as the above is not directly
applicable. The peak noise level to whieh passersby are exposed,
however, can be computed from the propagation logs at the passerby’'s
closest polnt of appreoach (CPA) to the slte. This propagation loss

is computed from the formula

B
K= 20 log =— + H”

Rg
where H = total propagation loss
Ry = range at CPA
Ry = reference range at which site scurce level
was measured (50 rt)
H” = 1s a term included to account for baffling or
obstructions bhetween source and observer

In the case of pedestrlans, we assume that R, = 100 {eet and H~
is zero. H is therefore 6 dAB. For drivers, we have assumed

R; = 100 feet and H” = 15 dB to account for attenuatlon caused
by the transmission loss of an automoblle. For thils case,

H = 21 dB, whilch was rounded to 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 Associatfon Conference
Torento, Ontarie

Hay 24, 1971

Thls presentatlon wlll attempt tc place the probhlem of noise
into 1its proper perspective relative to construction and construce-
tlion machines — both as a potentlal cause of hearing loss fon
workers and as an alr pollutant for the nearby community at con-

struction sites.

NOISE — THE PROBLEM STATED

Unwanted sound — 1s not new to the construction industry.
Construction sites are noisy. Likewlse, lt ls not new to Heavy
machines used 1n the construction of bulldings, highways, sewer
and water systems, alrports and the like. Indeed, it has been a
eriterion by which some machines have heen operated. A skilled
operator often relles upon the sound of hls equipment {or proper
operatlon. Also, nolgse 1s often assoclated with power in the
purchase of machlnes,

These philosophical concepts and the publie demand for lower
construction costs do not excuse constructlon machinery from being
nolsy, but they have contributed tc the major emphasls by manu-
facturers over the past decade to design for greater productlvity




rather than to bulld quieter machines. The transitory and tem-
porary nature of construction has also allowed a lack of concernzﬁ
for nolse. While any particular contract Ls underway, the work-
ers and nelghbors might well be annoyed by the nolse. But relief'
comes when the Job ls completed und the big machines move on,
Next Job site - there are new workers; new neighbors.

During the past few decades, the pubhllc demand has been for
more production wilth less labor and less cost. This prompted the
development of today's remarkable machlnes wlth more power, auto-
mation and speed than ever before. But machine "lmprovements”

Lo effect thls demand generally tended to lncrease nolse levels.
Larger engines produced more noige both internally and from the
exhaust., More automatlon was accomplished through more use of
hydraulle power which also is a nolse generator. Larger englnes
and more hydraulic power increased the heat whieh must be dissi-
pated through larger quantlties of alr belng driven by nolsier
fans through larger radiators. Increased speed means increased
vibration frequencles which tend to concentrate in the audlble

hearing range.

THE CONCERN FOR NOISE

The concern for noise, only recently voleed by the public
or proposed leglslation at all levels
have created a major shift from the

and expressed now in actual
of government would seem to
"productive Sixties" to the "allent Seventles", Fortunately,

our lndustry is geared to respond to our customer requlrements
and, hopefully, to recognize changing requirements soon enough

to accommodate the necessary lead times for research and develop-
Nolse

ment, testing, toollng, manufacturing and dlatributilon,

abatement, although recognized by manufacturers of construction
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. Standards,
‘or progress measured.

machines as a legitimate environmental concern, has been and stlll
Is difficult to define in precise engineering and machine reguire~
ménts — how much — how fast — what costs and trade-offs are acceptm
able — cost/effectiveness ratlos — all tend to remaln fuzzy with
even man/nolse eflfects far from belng accurately determined.

The manufacturers of constructlon machines, without waiting

‘for all the answers, recognlzed in the late sixtles the need for

the baslc tools for all change and/or regulatlon — Measurement
Without such tools, base llnes cannot be established

Through the Constructlon Industry Manufacturers Assoclatlon

. (CIMA) — the necessary machinery and pelicies were established
some four years ago Lo recognize needs for Performance or Safety
-Standards and to promote development of such Standards by na-

ﬁionélly recognlzed technieal and Standards writing bodies.
Among these were the baslc nolse measurement Standards as vol~
untary guidelines for both industry and government authors.

These were accepted for development by the Society of Automo-

tive Englneers (SAE), They include for construction machines:

1. Noilse measurement at operator station
2. Nolse measurement at 50 foot radius
3. Construction Jecb site nolse measurement

4., Cumulative operator nolse exposure measurement along
with standardized reporting methods

Substantlial progress has been made by SAE wilth completion and

" publication of some of these Standards expected in the near

~future,
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The measurement of nolse levels elther at the operator's
statlon or at a distance from the machine 1s no slmple matter,
A machilne can be subjected to many operaticnal varilables.
Engine at rated speed, acceleration, f{full power drawbar load,
power take-off load, hydraulic load, 1dling engine, idling trans-
mission, transport, additlon of a cab, roll-over protective
structures, windows open — these are some of the varlables which
affect noilse levels. For that reason, a unif'orm procedure for

nolse measurement 1s most Important.

There are currently under conslderatlon at least four
Federal Bllls and twenty State Leglslative Bills which can regu-
late nolse on conatruction machinery. Consequently, there 1s
a real need for uniformity not only 1in measurement methods bhut
in neise 1limit levels. It can be appreciated that legislators
are concerned with protectlng operators and others from hearing
damage and the nulsance of excesslve noilse. However, a mass of
legislation and regulations which are nonuniform are more of a
liability than an asset 1n reducing nolse levels on ceonstruction
machlnes. Nonuniformity with 1little or no lead time for making
the changes is leading to stop-gap measures which have unpredlct-
able durabllity and effectiveness, and which perhaps introduce
unwanted trade-offs and compromnises through overheating, flre
hazards, malntenance Interference and reduced output.

WHAT ARE MANUFACTURERS DOING ABOUT NOISE?
So — what are construction machinery manufacturers doing

individually and as an industry?

Indivlidually they are:
1. EBvaluating the many nolse sources pecullar to each

machine.
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2. Develeping operator enclosures f'or current products.

3. Developlng procedures for customlzling current products
off the production lines.

4, Developing guileter components and systems for quieter
machines in the future.

Through CIMA they are:

1, Seeking new and updated SAE Standards and Recommended
Practices for operator and exterlor noise levels.

2, OQrganizing a cooperative effort among government, nolse
speclalists, contractors and machlnery manulacturers to
accumulate the great masses of actual cn—the-job noilse
data requlred by industirial nyglenists 1n their evalua-
tion of the man/nelse effects in the construction envi-

ronment.

3. Creatlng information on constructilon machine nolse for
use by regulatory bodles, consumers, and infeormatilon

medlia,

4. Investigating 2 means to express machlnery noise sources
in a uniform, usable and rellable manner.

THE COMPLEX ANSHERS

These indlividual and collectlve efforts are not simple nor
do results come easlly or cheaply. As a beginning, component neise
scurces are rapldly belng 1solated and evaluated. Oversimpllifil-~
cation of the problem frequently leads many Lo belleve that
englne exhaust nolses are the culprit and that larger mufflers
would turn the trick. To bhe sure, thls 1s part of the problem.
However, nolse reductlen of the exhaust permits other machine
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nolses to become deminant. Larger mufflers also create a visi-
bility problem since they usually end up directly in front of
or behind the operator.

There are several other nolse sources which are the same
order of maghltude as exhaust noises, depending on the machine

and its configuration.

These are:

1. Internal engine nolses exclusive of the combustion
ltsell.

2. LEngine air inlet

3. Transmlgsion and other gear ncises.

4. Hydraullc system noilses Including the pump, tubes,
valves, cylinders and hydraulle motors.

5. Alr nolse from the fan and radiator.

6. Varlous moving mechanical elements such as crawler
tracks, or scraper elevators.

It 1s very llkely that on a large machlne today, each of
these nolses 1s individually in excess of 90 dB{A) {(decihels on
"A" vating seale). In the case of two equal noise source levels,
the sum-1s about 3 dBA higher than elther source alcne. For
four equal noise sources, the sum 1s about 6 dBA higher. And
this 1In reverse acts much the same way. Suppose the total ncise
of a machine is 100 dBA composed of four equal nolise sources.
Let's say the exhaust, engine nolsea, gear and hydraullc nolses
and fan noises are these four. I by some magle the exhausst
and Iinternal engine noilses could be reduced to zerc, the machine

would still have a nolse level of 97 dBA. So, thils 1s the
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challenge to the engineers who are studying each nolse source
and striving for nolse reduction of each component.

QUIETING CURRENT PRODUCTS

For guleting 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 lsclation mounted
cab; larger muffler; sound deadening materlal around nolsy com-
ponents; and vibration isolatien of nolse components. These
methods are expensive and can have only minimal effect on the
total problem. Also, the sound absorbing Insulation causes
some components to run hotter and can possibly absorb spllled
petroleum products. This can be a fire hazard., One would not
normally expect to replace such insulation during 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 capaclty cocling fans with non-
resonant frequencies are belng developed. These would utllize
larger volumes of alr at lower veloccitles, new radilator fin
designs and more efficient shrouds.

Some gears must be changed from one form to another and
perhaps made wilth more precilslon. Much nolse is generated from
variable gear loadlings and from gear ldling., Gears are designed
to transmilt a given power level at a required speed. Varlatlons
of these will set up vibratlons which cause nolse. Here agaln,
isolation and 1nsulatlon seem like pessible temporary sclutions
but heat and flexibility ecan lead to premature failure and other

new problems.

c-7



Hydraulic pumps, transmission lines, valves, cylinders and
motors are a2ll nelse generators. 011 flowlng In a smcoth, uni-
form path should be one of the quiletest methods of generating,
transmitting and utlllzling energy. However, each component has
complicated restrictlions which 1nduce vibration., If all of the
hydraulically performed functlons were uniform and continuous,
the nolse would be minimal. But ease and [lexibllity of con-
trol are reascnhns f'cr the many applications. Nolse reductlon
programs for hydraulles are underway, but they will take time
for development, testing and adopting.

Mechanical components such as the tracks of erawler tractors
are noisy but fortunately are of lower frequenciles. These types
of mechanisms are Jjust not readily quieted and do not lend them-
selves to encapsulatlon treatment, The long range, practical
golution for all these problems may well dlctate future machines

of entlrely new configurations.

NOISE STANDARDS AND REGULATIONS

Because of the many nolse sources which add up to a single

composite nolse at an individual's ear, a unique but uniform

measurement Ils necessary. Por thils 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 i1s promoting and lending its
suppert to the development of meaningful nclse Standards by
independent Stanhdards writing bodies which lneclude experts
from manufacturers, government, publle, users and labor.
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As previously stated, these are nolse measurement and
reporting Standards being developed by enginsers and other
hlpghly knowledgeable people in the construction fleld. Ob-
viously, thelir efforts must be teamed wlth practlical and effec-
tlve nolse limlt Standards developed by the experts Ln the
fleld cof Industrial Hyglene. Such limits should be In keeping
with the pecullar type of exposure found In the constructlon
environment, Only when these two tLasks are completed can
effeetive and practlcal noise control programs and regulatloens

be deslgned and ilmplemented.

For Communlty Nolse Control we vilsuallze total constructlon
Job site limits geared to the partlculzr needs of the surround-
Ing community., Thls would create ¢ natural demand for guleter
machlnes yet stlll allow contractors and users to utlllize thelr
well demonstrated versatllity and lngenulty to get the job done
in compllance wlth reallstlc Job site nolse llmlts even with
exlsting machines by uslng new job layout and operatlenal tech-
nigues.

For control of hearing damage riszl we would urge that the
current Walsh-Healey nolse exposure tables might be modifled for
construction workers to more accurately reflect thelr unlique
eXxposure to intermittent, varilable Internsity nolse and the large
seasonable fluctuations in nolse desages. These factors are
covered In some detall in a CIMA gsponsored study publlished by
SAE, December 1969, as Technical Report — SAE Research Project
R=4 and titled "A Study of Noilse Induced Hearing Damage Risk,
for Operators of Farm and Constructlon Eguipment", Thls report
is available from the Soclety of Mutomotlve Englneers, Inc.,

Two Pennsylvania Plaza, New York, Hew York.

c-9



In summary, we have attempted to briefly revlew the back-
ground of constructlon machinery and the relatlvely recent public
concern lor nolse,

We have outlined the complex and sophlstlcated Industry
problems 1nvolved and our coneern that the publle may be moving
frem apathy to overkill in one easy lesson,

We have indlcated an industry recognitlon of the responsi-
bility te help shape noise abatement legislatien and regulation
inte reascnable and respensible instruments; also, our past
and continuing actlve particlpatilon, through CIMA, to effectively
utilize our industry expertise 1n major and necessary Standards
activitles,.

We opoke of the industry efforts, both from indlvidual manu-
facturers and collectively through CIMA to create qulieter ma-
chines except as a stop gap, high cost measure.

We outlined the need for new noilse limlt criterila deslgned
in consideration of the unique types of nolse exposure and

dosage for constructlon workers.

It 1z obvious that construction machine designers and indus-
trlal hyglenlsts in both the government and private sectors are
operating at the threshold of the art relative to notse. VWe
belleve there is real and urgent need for a combining of these
two groups into a teamwork effort. Through such a comblned
grouplng of expertlse can come the tools and procedures to
effectively reach our common nolse abatement objectlves — and
to do so wilth full conslderatlion of the total needs of our
sociaty and at costs and compromises satilsfactory to the publie,
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APPENDIX D — NOISE CONTROL: REGULATION AND STANDARDS

D,1 Introduction

Control of the nolse produced by constructlon sctivity,
building equipment, and home appllances cennot be expected to
procede in an orderly Tashlon wlthout supporting guldance 1In
the form of noise criteria, noise standards, and nolse limifs,
This section of the report presents infeormatlon on the status
of currently availlable guldance for neise ceontrol. Trends in
development of criteria, standards, and limits are discussed.
Where possible, future reguirements for noise gontre? guldance

are antlclpated.

A fundamental distinction must be made among the three
baslc forms of puldance necessary for systematle noise control.
Noise criteria are delined as statements of the effects produced
by various levels of nolse exposure. Crilteria are based on the
effects of noilse on people, as discussed In Sectlon 3.1 of
thls report. MNoise standards describe the properties of
nolse environpents that are considered desirable., Standards are
usually presented as long-term goals that a reguletory program
may be designed to attain, Noilse limits are in effect regulatory
documents intended to iimlt public exposure to 1ndividual nolse
SOUrces, The limits entail not only a knowledge of the exlsting
noise environment, but alsc technologleal and economic constraints
on nolse abatement., It is intended by writers of noise limits
that ‘the nolse environment should approach the goals of noilse
standards in a systemetle fashion.

The next section will diécuss the elements involved 1in the
development and support of regulatory nolse limits for constructlon
equipment; the third sectlion of thls appendix will dilscuss those
elements appropriate to building equlpment and appliances.




D,2 Construction Equipment

The body of this report has included discussion of criteria

in the estlmatlon and evaluatlion of the impaect of construction ]
equipment noise. The criterla appropriate to construction eguip-
ment nolse are not unique to such nolse sources, of course, The
selectlon of standards for nolse exposure must take into account

the characterlistics of the comblned impact of the many noise sources
that pollute our environment, and most lmportantly, must be keyed

to the business and recresticnal actlvitles and situations in society
that are to be protected from noise. Thus, the development of a

set of standards for the protection of human activity from nolse
pollutlon 1s beyond the scope of the present project and report;
indeed, the ultimate selection will be based on further leglslation
incorporating decisions of natlonal poliey. It is our intention
here to describe the relationship between the various elements in
an environmental regulatory scheme, and to ldentify thelr present

state of development by sclentlfdc and engineering groups, and by
State and loecal governments.

‘'The third of these elements 13 the nolse limit itsedf,}which
pravides quantitative restriectlon of noise emissions through incor-
poration in legally enforceable rules, regulations, and laws.
Quantitative limlts must be directed at an identifiable legal entity
(such as manufacturer, vendor or user), and must be accompanied by
specific test and measurement procedures, Although no nationwlde
neise regulations for construction or other powered outdocr egquip-
ment now exist, several states are consldering such noilse limlts, and
a number of larger citles have recently enacted or proposed limita
for construectlon equipment.

The next section of this Appendix will review the recent
regulatory activitles at the state and local levels that apply.
Sinece procedures for constructlen equipment nolse measurement are
80 lmportant to the successful implementation of source limitations,
the last section will discuss these in more detall.

D-2
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State and Local Regulations

In the last twe years, conslderable activity has taken place
at the State and local level wilth regard to reducing the nolse of
outdoor construction, malntenance, and repalr actlvitles.

Both the State of Illinois and the State of Hawall enacted
statutes 1in 1970 which grant hroad regulatory powers over nolse to
specific state agencles. At thils time neither the Illinels Pollu-
tion Control Bogrd nor the Hawail Dept. of Health have adopted any
rules or regulatlons to contreol construction nolse. The Illinois
Institute for Environmental Quality has initiated a study of noise
sources (including construction and other outdoor powered equip-
ment) that could be covered by State regulations, and proposed
limits for such equipment are belng studled.

In the State of California, a report to the 1971 Leglslature
on the Subject of Nolse was prepared by the State Dept. of Public
Health. This report includes in its recommendatlons the establlish-
ment of nolse emission standards for all noise-producing objects
now in use as well as toe be admltted In the future to Californisa.
The construction nolse sources ldentified in the report include
all diesel-engine powered equlpment, such as generators, compressors,
off-highway trucks, bulldozers, loaders, scrapers, power shovels and
other excavating equilpment, as well as plledrivers, riveting machines,
Jack hammers, elevators, cement mixers, hammers, power saws, drills,
and nallers, Other State leglislatures have or will consilder =z
varlety. of proposed construction noise bills; a bill submitted to
the New York State Leglslature in 1968 would have limited construe-
tion noise as measured at the nearest multiple dwelling.

Because constructlion-equipmeni nolse 1s especlally severe
in urban areas, limits have heen proposed or adopted in several
larger cltles. New York City has proposed coverage of constructlan

sltes by permit, and limilts for alr-compressor and paving-breaker



equipment 1n a new noise code; publice hearlngs are scheduled. to -
heglin 1In the City Council Commlttee on Environmental Protectlon

on 9 September 1971, The City of Boston Air Pollution Control. . f
Commission has recently completed a study of community noilse and,
as part of l1lts plan for nolse control, will begin hearings '
27 September 1971 on proposed regulations which include liﬁitaé-
tlons on nolse of both constructlon/outdoor powered equipment

and on the operatlion of a c¢onstruetlion site. The latter limits,
in brief, apply at any nearby area open to the public except
publiec ways, or at a 1000-~ft radius from the site, whilchever

1s nearer.

The City ol Chicago adopted a comprehensive nolse ordiﬁancé{
effective 1 July 1971. Section 17-4.8 provides that "No person
shall sell or lease,...any povered equipment or powered hand '
tool that produces a maxlmum nolse level exceeding the following
noise limlts at a distance of 50 f't, under test prccedures eé-'
tablished by...this chapter." and there follows a table of limits
in dB{A) for four categorles of equipment, Two categories "Con- "
struction and Industrial Machinery" (#1) and "Commercial Service
Machinery” (#3) cover the bulk of construction eguipment, :

"Construction and Industrial Machinery" includes powered
outdoor equipment, mecblle or stationary, associated with con-
struction sites or industrial operations. Such equipment . ;
includes crawler-tractors, dozers, rotary drills, and augers, , ' j

loaders, power shovels, cranes, derricks, motor graders, .
paving machines, off-highway trucks, ditchers, trenchers, R |
compactors, scrapers, wagons, compressors, pavement breakers, o

pneumatiec-povwered equipment, ete. OSpeclflcally excluded are

pille drivers.
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"Commercial Service Machlnery" lneludes powered equipment
of" 20 hp or less Intended for infreguent service in residential

' areas, typleally requirling commerclal or skillled operators,

Such eguipment includes chaln saws, light pavement bLreakers,
log chippers, powered hand tocols, ete,

The limits that apply to these categories are keyed to the
date of manulfacture of the equipment and provide a timetable for
nolse reduction as follows:

Construction and Commercial
Manufactured after Industrial Machinery Service Machinery
1 Jan. 1972 94 dB(a) ' 88 daB{a)
L Jan. 1973 88 dB(n) 84 dB(A)
1 Jan. 1975 . | B6 aB(A) -
-1 . Jan. 1978 —-— -
1l Jan. 1980 80 dB{A) 80 dB(A)

The appllcation of the limits to equlpment for lease 1s most
appropriate in the case of construetion machinery; such equipment
8 usually leased rather than sold. Slnce the limlts only apply
to equipment manufaetured after 1 January 1972, 1t 18 too early

te look for compiled results, but several contractors 1ln the
Chicago area are now asking for "quleted" equipment that wilil
meet these limits, and Intend to use such equipment, insefar as
possible, to reduce cor elimlnate community nolse complaints,
This provides very deslrable pressure Iln the market place for
such. "quiet" equipment, encouraging manufacturers to ofTer noise
control packages on thelr construction equipment before the re-

quired date,
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Meagurement Procedures

Since gquantitative 1imits must be applied to the nolse
source, most test codes and recommended practices for measure-
ment apply to the cperation of an individual ltem of construction
equipment. The [ollowlng nolse measurement procedures are of
thls form:

§AE* Standard J952a Sound Levela for Engine Powered Equipment

Scope: For engine powered equipment including mobile constructicn
and industrial machinery, but not covering mechinery
designed for operation on highways, or within factorles
and bullding areas.

Test Type: Outdeoor free-field measurement on level ground. Mea-
surement distance 50 ft. Equipment operation at speed
and load preducling maxzimum sound level.

Data; A-weighted sound level.

City of Chicago Environmental Control Ordingnee, Avticle IV+

Tegt Procedures for Noise Emitted by Engine-Powered Equipment
and Powered Hand Tools

Scope: For englne-powered equilpment, including constructlon and
industrial machinery (not including pile drivers) agri-
cultural tractors and equlpment, powered commercilal
equilpment of 20 hp or less, and powered equlpment for
use 1n residential areas.

.

¥Soelety of Automotive Engineers, Ince., NYC, N,Y. 10001

Tseg, 17-1l,26 and corresponding sectlon of DEC Code of Recommended
Practice., Chlcago Department of Environmental Contrel, Chicago,

I1l. 60610.

D-6
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Test Type: OQutdoor free-fileld measurement on level surlace.
Measurement dlstance 50 ft. Both statlonary test
and acceleration test (for rubber-tired mobile
equipment) at load and speed producing maxlmum
sound level. Freumatlc equlpment operated as
specified in CAGI-PNEURQP Test Code.

Data: A~welghted sound level.

ANSI* 81,19/183 (Propoged) Tegt-Site Measurement of loise Emitied
by Engine Powered Equipment

Scope: FPFor determining maximum nolse emitted by construction
and industrial machinery, transportatlon and recreatilon
vehlcles, and other englne-powered egulpment.

Tegt Type: Outdoor free-fleld on reflecting ground. Measurement
distance 15 meters (50 ft). Moving and statlonary
tests for construection equipment (See. §.4).

Data: A-welghted sound level
cAGI-PNEUROPT Test Code for the Measurement of Sound from
Prneumatic Equipment

Scope: Applles to compressors, percussive and nonpercussive
pneunatic equipment. Specifles procedures and coperating
conditions, not always 1ncluding process nolse.

¥aimerican National Standards Instltute, NYC, N.Y. 10018
TCompressed Alr and Gas Instlitute, NYC, N.¥. 10017



B
f-

i

e ————— e ———

=4
P

e

RE

"

[y

RN
=

Tést Type: Indoor or outdoor, measurements in direct flield at

e © five pesitions at 1 meter from equipment. Secondary

measurement at 7 meters distance. HNon-percussive
tools measured running free and with "quiet" work

process.

Datar A-weighted and Octave-bkand sound pressure levels for
each Measurement polnt.

The procedures adeopted by the City of Chicago are hased on
the SAE J952 standard and the revislons now under consideration
by the SAE Agricultural and Construction Machinery Sound Level
Suboammittee. Subéténtially the same measurement procedures
have been proposed by the City of Boston Air Pollution Control
Commission in theilr Teat Procedure for Measurement of Noise from

Pouwered Dbevices.

Whille SAE J952a contained specific noise limits, there are
belng separated in a later revision now under consideration,
and the test procedure wlll appear separately. This procedure
recommends an additicnal 2 dB tolerance for such noise measure-
ments; this provision has been deliberately omltted 1n both the
Chilcago and Boston test procedures, and left to adminlstrative
declsion, " This is more appropriate, and nof unlike the enforce-~
ment measurement procedures for vehicular speed limlts.

Another approeoach to construction equipment nolse measure-
ment 1s tc apply the measurement to the combined cperators of
all constructlon equipment at a single test site. At the

request of CIMA {Construction Industry Manufacturers' Assoclation)

the SAE 1s developlng such a test procedure,

b-~8
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SAE Recammended Practice (Proposed) Construction Site uaund

Level Measurnments

Scope: For sltes where constructlon machinery 15 operated.
Measuree noise radiated off-s 1Le.,

Test Type; Field meaeurement of radlated $ound 1evels at four
l nearest inhabited locations to any, centerpoint of
construction activity. If no inhabited locations-
closer than 1000 Tt to a cen%erpoinf, measurements
made at' 4 locations spaced. 90° ch 1000 £t radius
circle.

Deta: 'A-weighted sound levels at each measurament point define

' ""Construction Site Operational Sound Levels". Provision

_ for a record of "Construction Sibe Baseline Sound Levelb"
allows limits to be expressed as change in ambient as

well as absolute terms. R

The combined-oberations_measurement:procedure 1s presently-
being 'proposed for use by the City of Boston, and the City of
Chlcage plans a tést of the latest SAE draft procedure as part

of a feasibility study of nolse limitations.on constructinn sites.
The Federsal nghway Administration 1s considering this procedure
as a basls for repulation of noise from Federal-aild highway

construction,
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0.3 Woise 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 nelse sources, For example, the manu=
facturers of ailr conditioning and ventilation appliances are by
far the most conscious of the impact of their eqguipment 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 nolse of various types
of alr conditioning and ventlliating equipment. The automotive
and alrframe industries have been similarly conscious of the
noilse impact of thelr equipment and sophlsticated noise stan-
dards exlst for these sources. By contrast, only one standard
has appeared to deal wilth the noise of rotating electrical
machinery; one to deal with gas turblnes; one for gear nolse;
one standard of a general nature, produced by official American
Natlonal Standards Institute (ANSI}, intended to gulde nolse
measurement of practically any plece of machinery; and & draft
procedure is under consideration by ANSI to rate the noise of
all engine-pouvered equlipment,

" Such standards are of two types, Measurement standards
specify the manner in which meaningful and relimble acoustical
data may be obtained. Ratlng standards apply these acoustieal
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, building codes, noise
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ordinances and similar organizations., Factors which are con-
sidered in developing appllcation standards include the economic,
soclal, and political., Applications standards represent an
equilibrium between the costs of reducing noise exposure and the
feasible noise reduction made possible by acoustic technology.

" The following summaries indicate the general nature of
exlsting U.S. nolse measurement and rating standards for domes-
tic and office equipment, ‘

ASHRAE* 38~62 Measurement of Sound Power Radiated from Heating,

Fefrigerating and Air-Conditioning Equipment
Scope: For unitary, unducted egquipment, large or small, for
indoor or outdoor use,

Test Type: Reverberatlon room, substitution method.

Data: Total radiated sound power level in octave or l/3-octave
bands.

ASHRAE* 36A-63 Method of Determining Sound Power Levels of Room
Aipr Conditioners and Other Duetlesa, Through-the-Wall Equipment
Scope: TFor rcoom alr conditioners, window or attic fans, and
other ductless wall- or ceillng-mounted equipment that radlate
sound directly both to the conditioned space and the outdoors.

Teat Type: Reverberation room, substitution method (2 rooms
needed},

Data; Total sound power level radiated to indoors and outdoors,
separately, in l1/3-octave bands,

* American Soeciety of Heating, Refrigerating and Air-Condition-
ing Engineers, Inc., 345 Bast 47th Street, New York, N,Y. 10017.



Method of Teating for Rating the Acouatic Perfor-

ASHRAE 36DB-63
manee of Air Control and Terminal Devices and

Similar Equipment

Scope: For alr control and termlnal devices normally mounted

in or connected to duct sysiems.
Test Type: Reverberatlon room, substltution method.

Data: Total sound power level radlated into the room served’

by the device, in octave bands,
AMCA* 300-67 Test Code for Sound Rating Air Moving Devices

Scoepe: For central station air conditioning and heating and
ventllating unlts, for ecentrifumal fans, axial and propeller
lans, power roof and wall ventilators, steam and hot water

unlt heaters (but not unit ventilators, room fan-coll units,
roem alr induction units and air cooled refriperant condensers).

Test Type: Reverberaticon room, substitution methed, hased on

ASHRAE 36-62,
Total radiated sound power level, in octave bands

Data:
(including the sound radiated lnto the ducts, for ducted equip-
ment). :

AMCA* 301-65 Method of Publishing Sound Ratings for Air Moving

Devicas

Ratings for Centrifugal Fans, Axial and Propeller PFans, Power
Roof and Wall Ventilators, Steam and Hot Water Unit Heaters;
not yet sultable for central station A/C or H/V units.

based on octave-band sound power levels, per

AMCA 300-67:
Tor ducted devices, the elpht octave-band

Ratings:

sound power levels;

ipir Moving and Conditioning Associatlon, 205 West Touhy Ave.,
Park Ridge, T1l. 60068

D-12
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For unducted devices, the loudness in sones
at a reference distance of 5 ft, as calcu-
lated from the sound power level data.

AMCA 308 “Application of Sone Loudness Ratings for Nondueted
Air-Moving Deviceal

Reference material covering applications of the loudness rating
in sones (examples, combinations of sources, predlction of sound
loudness indoors and outdoors, varlation with fan speed,

AMCA 303 "Application of Sound Power Level Ratings for Ducted
Air Moving Devices"

Reference material covering significance and accurazcy of sound

power level ratings, particularly their relation to sound as heard.

ANSI*81.28 ~ 1982 "Amepican Standard Method for the Phyoical
Measuremaent of Sound”

Scope: For all devices, machines or apparatus.
Several test procedures are described:

Test Type: TFree-field; free-field above reflecting plane: semil-
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 (l/2-octave or 1/3-
octave analysis,optional); and directivity of the source,

* American National Standards Instltute, L0 Rast 40th Street,
New York, N.Y. 10016
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IEEE* f85 M"Airborne Noilse Measurements on Rotating Electric

Machinery"

Scope: TFor rotating electrical machinery of all sizes
Several test procedures are described:

Test Type: Free Tield; free field above reflecting plane; semi-
reverberant field; or reverheration room. (Similar
to ANSTI 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 lnto
frequency bands, and directivity of source,

ANSI 51.19/193 "Tegat-Site Megsurement of Noise Emitted by Engine-
Pouwered Equipment" (Draft only.)

Scope: For residential 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 reflectlng obstacles
within 30 meters of egqulpment under test.

Data: A-weiéhted sound level measured at a point 50 ft from
center of equipment and 4 ft above ground, for nolsiest
direction and noisiest operating condltions.

ARIT 443-86 "Standard for Sound Rating of Room Fan-Coil Air-

Conditioners"

Scope: For room fan-coll air conditioners,

% Institute of Electrical and Electronic Engineers, 345 East 47th

Street, New York, N.Y. 1C017
* Alr-Conditioning and Refrigeration Instutute, 1815 North Fort

Meyer Drive, Arlington, Virglnla 22209
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Test Type: Reverberation room, substitution method, in accordance
with ASHRAE 36-62

Data: Octave-band sound power levels, computed from l/3-octave
band data corrected for presence of pure tones.

ARI 270-67 Standard for Sound Rating of Outdeoor Unitary Equipment

Scope: Oﬁtdoor sections of factory-made equlpment, such as unitary

alr-conditioners or heat pumps.

Test Type: Reverberatlon toom, substltution method, In accordance
with ASHRAE 36-62 or ASHRAE 36A-63,

Data: Sound power levels in 1/3-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 caleculation like the ANSI Standard S3.4, "Computation
of Loudness of Noise', '

ARI 275-69 Standard for Application of Sound Rated Outdeoor
Unitary Equipment

Reference materlial (related to ARI 270-67) establishing a method

for predlcting annoyance due to operation of outdecor unitary

equipment, and providing recommendations for application of such

equipment.

Calculation of annoyance level (ANL), taking into account distance,
reflections, location of equipment, shielding by barriers, loca-
tion of observer, multiple unitas, etec.
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AHAM® SRk-1 Room Air-Conditioner Sound Rating

Scope:

Room air conditioners

Tesi. Type: Reverberation room, substitution method, in accordance

Data:

with ASHRAE 364-63

Single number (or letter) ratings based on the l/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 cutdeoor calcuation is the

same a5 that of ART 270-67. The indoor sound rating
(a number) is converted to a letter rating (1ll=A, 12=B,
13=C, etec.) for publication purposes.

HVI*#1966-1 Sound Teat Procedure

Scope:

For home ventllating egquipment.

Test Type: Reverberation room, substitution method, similar to

Data:

Rating:

‘ASHRAFE 36-62
Octave band sound power levels, caleculated 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.
The nominal free-field octave-band SPL's at 5 foot are
used to calculate loudness in sones, a single number,

* Association of Home Appliance Manufacturers, 20 NMnrth Wacker
Drive, Chicago, Illinois 60606

* Home Ventilating Institute
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according to ANSI S3.4 -~ 1968, "Computation of Loudness
of Nodige,"

ADC* Test Code 1062 R1 Egquipment Test Code

Scope: TFor ailr 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
atteniatlion of terminal devices 1s not used).

Data: Total sound power level radiated into room, in octave hands.

* * * *

In addition to these standards for measuring and rating nolse
from various kinds of ventilation equlpment, both the Home Venti-
lating Institute snd the Alr 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 Rofrigeration Institute
and the Asscclation of Home Appliance Manufacturers offer guldance
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 field 1s something of an embarrassment, since they are not

* Air Diffusion Council, #35 North Michigan Ave., Chicago, I1l, 60611
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mutually consistent nor even compatible, but are competing for
pereral acceptance, In an attempt to deal with this situation,

an ad hoc working group of ANSI is currently tryling to draft a
standard for both measurement and rating of equipment noise that
exhibits the best features of the already existing standards and
that, 1t is hoped, will be found acceptable by the various organi-
zations that have pioneered in the standardization effort in the

United Stetes, It is still too early to predict whether this

action will be successful.

In spite of the slightly chaotle present situation, it is
clear that a great deal of careful thinking has been done about
how to measure equipment nolse in the United States; indeed, in

this area the U, 8. 1s somewhat in advance of the European

practice,
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