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CHAPTER I
INTRODUCTION TO ACQUSTICS

In this discussion of noise and vibration, it is intended to move quickly
into the use of acoustical terms and to become acquainted with some of the
elementary acoustical procedures without necessarily knowing or compre-
hending all the acoustics background that goes inte the development of

this material. Texthooks or reference books in acoustics® may be studied
for a more detailed discussion and technical understanding of this material.

1, DECIRELS

Just as "inches" ara used to measure distance and "degrees' are used to
measure temperature, 'decibels" are used to measure sound intensity. As in
electrical engineering, decibels are used to express in logarithmic terms
the ratio of two powers; i,e., if there are two electrical or acoustical
powers Pl and P2, the ratio of those powers expressed in decibels would be

10 log P2/P1 .

If the power P, were some accepted standard reference power, such as a watt
or some other %asic unit of power, the decibels could be standardized to that
refetence value,

In acoustics, the decibel (abbreviated "dB") 1s used to compare both sound
power and sound pressure. When describing the sound pover of a sound source,
the basic reference power is 10712 yatt (acoustic watts), and a particular
sound source might be described as having a "sound power level' of, for
example, 110 dB re 10712 watt. When deseribing the sound pressure in a

sound field, the basic reference pressure is 0.0002 mierobar, and a particular

area might be stated as having a "sound pressure level" of, say, 90 dB re
0.0002 microbar,

A microbar is equal to one dyne per sq cm or 0.l newton per sq meter and is
very nearly equal to one millionth of a standard atmosphere, It is likely
that in a few gears the reference pressure 0,0002 microbar will come to be
known as 2x107 newton per sq meter, If this comes, it will be in the
interest of international standardization of terminology and units,

In acoustics, the term "level" is used whenever a decibel quantity is ex-
pressed relative to a reference value, as in "sound pressure level" (re-
ferred to the reference pressure of 0,0002 microbar) and "sound power level
{referred to the raference power of 10-12 yatt),

W%
"Acoustics', Leo L, Beranmck; McGraw-Hill Baok Company (1954) .

Noise Reduction", Leo L. Beraneck, Editor; McGraw-Hill Book Company (1960),

"NOISE AND VIBRATION ENGINEERING", Leo L, Beranek, Editor; McGraw-Hill
Book Company (Planned for 1970 or 1971 Publication).
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2. SOUND PRESSURE LEVEL ' [

The ear is sensitive to sound pressure. Sound waves represent tiny
oscillations of pressure just above and just below atmospheric pressure. '
These pressure oscillations impinge on the ear and "we hear the sound".

& "sound level meter" is also sensitive to sound pressure. When a sound
level meter is properly calibrated, it relates the sound pressure of an

ineident sound wave to the standard reference pressure (0.0002 microbar)
and it givea a reading in decibels relative to that reference pressure,

"o dB" on this scale means 0 dB above the reference pressure, which, of g
course, is the same as the reference pressure, This reference pressure, ﬁ
or 0 dB sound pressure level, represents approximately the weakest sound
that can be heard by the average young human ear in the frequency region
of highest sensitivity, ({(This definftion came intn existence when prople =
were known to have maximum hearing sensitivity at youth; the truly damaging

effects of too-loud music will change this for some of today's young people.)

A simple but expressive definition of "noilse" is that it is "upwanted
sound"; so0 "noise level' is often used synonymously with "sound pressure
level'. Both terms have the same reference pressure and are used inter-
changeably in this manual, The reference teo 0,0002 microbar may be and
frequently is omitted when it is clearly understood that the dB quantity
is a sound pressure level, Hence one might say that "the noilse level in
the mechanical equipment room is about 85 dB'!,

Two abbreviations of the term "sound pressure level™ are in fairly commen @ iz
use: MSPL" and "Lp", "SPL" is used in much of the literature and "Lp'" is f
being used in some of the more recent literature. The abbreviation "SPL'" i
is used throughout this manual, but it is completely interchangeable with .
"Lp" as found elsewhere,

3. ANALOGY BETWEEN LIGHT AND SOUND

Sound pressura and sound power can be Illustrated simply with an analogy
between light and sound. Suppose flrst that a room is illuminated with a
bare 15-watt electric lamp. Even in a room with white painted walls and
celling, this normally would be considered as a wenk light souxce. If the
raom had only dark, unreflecting surfaces, the general room illumination
would be very poor, Now a bare 150-watt lamp would give good general
iliumination if the walls are white, or light-colored, or highly reflecting
(and depending, of course, on the size of the room and the distance to the
lamp) . However, the same 150-watt Lamp might net give adequate room 1llumi-
nation if the walls and cefling were black, or dark-colored or non-reflective, :
Thus, it is reasonably obvious that the intensity of the general room e
illumination depends not only on the power rating of the lamp, but also on -
the light-reflecting (or absorbing) properties of the room surfaces, on the

size of the room, and on the distance to the light source. Further, if the

lamp had a lamp-shade or if it were recessed in a flush-mounted ceiling

receptacle, the light would be brighter in some directions than in others.



I

All the same factors apply to sound in a room! "Sound pressure level' is
somewhat amalogous to room illumination; "sound power level" is somewhat
analogous to the power rating of the lamp. A "weak" sound source would
produce low sound levels while a "stronger' sound source would produce
higher sound levels, A constant sound source that would produce one sound
level in a hard-walled bare room would produce a different sound level in
the same room surfaced with a large amount of soft, fluffy acoustic ab-

sorption material.

The sound source would produce a higher sound level a few inches away than
it would several feet away. It might radiate higher Sound levels from one
side than from another side. It would produce different sound levels in a
large room than it would in a small room. Thus, the sound level in the

room depends not only on the sound source (actuslly its "sound power"}, but
also on the sound absorption properties of the room surfaces, on the size

of the room, the distance to the sound source, and also the directional
characteristics of the sound source. ILn effect, the sound pressure levels
heard by a pexrson in the reom are determined both by thé sound power
radiated by the source and by the "acoustie characteristics" of the room.
All of this is merely leading up to the fact that (1) there is need for a
way of rating a sound source that is independent of the environmental
surroundings, and (2) there is need for a way of describing the “acoustie
characteristics' of the room that 1s independent of the sound source. Then,
with these two Independently determined bits of information, any known,
definable room or space and the sound field or “sound pressure level"

('"SPL") about the room can be determiped, remembering that it is the sound
pressure level to which people respond in thedir living and working environ-
ments, Just as the 150-watt lamp may produce relatively poor to good
illumination in a given room, se also will a sound source produce relatively
low or high sound pressuyre levels in a given reoom, Further, just as electric
lamps are rated by a power rating, S0 also sound sources are rated by a power

rating,

4. SOUND POWER LEVEL

The quantity "sound power level" expresses, in decibels relative to the
reference power of 10712 watr, ehe total amount of sound power radiated

by a sound source, regardless of the space into which the source is placed.
As suggested above, if the power level of a sound source 1s known and Lf
the "acoustic characteristics’ of a space are known, it will then be
possible to estimate or calculate the sound pressurée level in that space,
Ultimately it is the SPL that usually must be determined because it is on
that basis that people judge an acoustic environment.

Two abbreviations of "sound power level' are in common use: "PWL" and L ",
YPWL" is used throughout thils manual, but 1t 1is completely interchangeabYe
with "L ",

]

The need for sound power level data has grown rapidly in recent years,
Constider ventilatlon system diffusers as an example, In earlier years,
one manufacturer might have published scound pregsure levels for his

3




diffusers measured at some named distance in his highly reverberant test
room, Another manufascturer might have published sound pressure levels of
his diffusers at another distante in his test room (undoubtedly of
different size and acoustic characteristics than that of his competitor).
Still another manufacturer might have published noise data that he
measured in a particular mock-up of a room that was intended to represent
a typical office of a large bullding. Well, each manufacturer might have
falt justified in his procedure, but the same identical diffuser in all
thase different test conditions could have yielded variations as high as
5 to 10 dB in sound pressure level. To provide a more realistic rating
of diffusers (nnﬂ other noise sources as well) rather than the test rooms
in which they were measured, the importance of sound power level has come
ro be realized as a true indicator of the quantity of noise radiated by a
source regardless of the survoundings. This fact has been recognized by
most manufacturers of equipment to be rated or selected in terms of nolse
output; and they are in the process of obtaining and providing sound
power level data for their equipment, The test facilities are quite ex-
pensive and the tests are not always simple, but steps are being taken to
provide PWL data to the designer and customer.

5. SOUND POWER REFERENCE 10-12 WATT

The reference power for sound power level data In present U.S, and
international usage is 1012 watt as stated above. This reference should
always be quoted (as in '110 dB re 10712 wacrt") so as not to be confused
with SPL data or with earlier PWL data that used 10-13 watt as the
reference power,

Most of the U.5, acoustiecs literature before about 1963-1966 (and even

some current literature) uses 1013 watt os the reference power. The 10-12
watt value is now accepted as the U.5, and internantiongl standard, A

10 dB error can result by not using the correct reference. If it is
desired to use PWL data given in “dB relative to 10-13 watt", reduce those
numerical values of PWL by 10 dB to convert them to PWL values in "dB
relftive to 107+ watt", Conversely, if 1t is desired to convert from
10°12 yatt reference to 10713 watt reference, add 10 dB to the 10~12 wate
PWL, values to ng "dB re 10713 watt", In this manual and in most current
literature, 10" ~“ watt is the reference power for PWL data.

6. FREQUENCY, HZ AND CPS

With the recent trend in U.S. and international standards to recognize the
early men of science, many new names for old unilts are being adopted. The
traditional unit for frequency in the U.S, has been "eycles per second",
abbreviated "eps". The new international unit for frequency, recently
adapted by U.S. standards groups, is "Hertz', abbreviated "Hz", Through-
out this manual the new unit "Hz'" will be used; it has the same meaning as
"eycles per second",
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7. VYOVERALL" FREQUENCY RANGE AND OCTAVE BANDS OF FREQUENCY

In order to represent properly the total noise of a nolse source, it is
usually desirable or necessary to brealt the total noise down into its
various frequency components; that is, how much of the nolse is low fre-
quency, how much high frequency and how muech is in the middle frequency
range. This is essential for any comprehensive study of a noise problem
for two reasons: (l) people react differently to low frequency and high
frequency noise (for the same sound pressure level, high freguency noise
1s much more disturbing and i{s more capable of producing hearing laoss
than is the case for low frequency noise); and {2) the engineering solu-
tions to reduce or control nolse are different for low frequency and high
frequency nolse (low frequency nolse 15 more difficult to control, in
general) .

It is cunventional practice in acoustics to determine the trequency dis-
tribution of a noise by passing that noise successively through several
different filters that separate the noise into 8 or 9 "octaves" on a
frequency scale, Just as with an Yoctave' on a piano keyboard, an
"octave" in sound analysis represents the frequency Interval between a
gliven frequency (such as 300 Hz) and twice that frequency (600 Hz in this
illustration).

The normal frequency range of hearing for most people extends from a low
frequency of about 20 Hz up to a high frequency of 10,000 to 15,000 Hz,
or even higher for some people. By virtue of U,5. adoption of a recent
internaticnal frequency standard in acoustics, most octave~band neoise
analyzing filters now cover the audio range of about 22 Hz to about
11,200 Hz in nine octave frequency bands. These filters are identified
by their geometric mean frequenciles; hence 1000 Hz is the label given to
the octave frequency band of 700-1400 Hz. The nine octave bands of the
"new' international standard are as follows (the numbers are frequently
rounded off):

Octave Geometric
Frequency Mean Frequency
Range of Band
(Hz) (Hz)
22-44 31%
44-88 62%
B8-~175 135
175-350 250
350-700 500
700-1400 1000
1400-2800 2000
2800-5600 4000
5600-11,200 8000

PEPP S R IR TR C SNTIE DR RS

PRI T e

L AT T N 1o
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-~ The term ‘'overall" designates the full frequency coverage of all the octave
L bands, hence 22-11,200 Hz, or in some cases, W4-11,200 Hz when the 31 Hz

band is omitted.
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The frequency bands in use in the U.§. before adoption of the bands listed
sbove are as follows; 20-75, 75-150, 150-300, 300-600, 600-1200, 1200-2400, .m B
2400-4800 and 4800-10,000 Hz, Most of the literature in acoustics before K .
about 1963 will refer to these "old" frequency bhands, The 'new" inter-
national standard frequencies (semetimes called "preferred frequencles" in
current literature) are used in this manual, Essentially the "old" and
fnew'" frequency bands may be considered as being equivalent, with a few
exceptions that will not be significant to the material in this manual.

A set of fllters used to separate a complex sound into octave bands is
commenly referred to as an "octave band analyzer',

When a sound pressure level or a sound power level includes all the audio
range of frequency, the resulting value 15 called the "overall' level,.
When the level refers to the sound in just one specific octave freguency
band, it 1s called an "octave band level and the frequency band is either

stated or clearly luplied,

For some spacial situations, a noise spectrum may be studied in finer detail
than is pessible with octave frequency bands. In such cases one-third
octave bands might be used or even narrower filter bands might be used, for
example to separate one particular frequency from another ome if it is
desired to separate the causes of a particular complex noise, The bandwidth
and the identifying frequency of the band should always be specified,

8. WEIGHTING NEIWORKS: A-, B~ AND C-SCALES

Sound level meters are usually equipped with 'weighting circuits' that tend Q
to represent the frequency characteristics of the average human car for
various sound intensities. Hence, "overall" readings are sometimes taken
with "A-gcale" or '"Bescale' or "C-scale" settings on the meter., The
"A-scale" setting of a sound level meter filters out as much as 20 to 40 dB
of the sound btelow 100 Hz, while the "B-scale" setting filters out as much
as 5 to 20 dB of the sound below 100 Hz. The "C-scale™ setting is reasonably
"Elat" with frequency, i.e. it retains essentially all the sound signal over
the full "overall" frequency range. A plot of the frequency response of the
electrical system of a sound level meter meeting USASI (U.5.A. Standards
Institute, formerly American Standards Association) standards for the A-,

B- and C-scale weighting networks is shown in Figure 1 at the end of this
chapter. For several years the A-scale and B-scale readings were held in
disfavor because thay do not provide any knowledpge of the frequency dis-
tribucion of the noise, but there is a revival in the use of A-scale readings
a5 a single-number indicator of the relative loudness of a sound as heard by
the human ear. It is very important, when reading A-, B=- or C-scale sound
levels, to positively identify the scale setting used. The resulting values
are called "sound levels" and are frequently identified as dB(A), or dB(B)

or dB(C) readings. Note that these readings do not represent true “sound
pressure levels" because some of the actual signal has been removed by the
welghting filters,

For most acoustic applications the octave frequency band readings are the most

useful, It is always possible to construct A-, B- or C-scale readings from

all the octave band readings, but it is never paossible to exactly construct

the octave band readings from the weighting scale readings., @
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9, ADDITION OF DECIBELS

Since decibels are logarithmic values it is not proper to add them by normal
algebraic addition. For example, 63 dB plus 63 dB does not equal 126 dB
but only 66 db,

A very simple, but adequate schedule for adding decibels is as follows:

Add the following amount
to the higher value:

When two decibel
values differ by:

Q0 or 1 dB 3 dB
2 or 3 dB 2 dB
4 - 8 dB 1 dB
9 dB or more 0 dB

When several decibel values are to be added, perform the above operatieon on
any two numbers at a time; the order does not matter. Continue the process
until only a single value remains, A table repeating these rules is included
in the section on noise sources,

As an illustration, add the following five noise levels:

56
53

bl
v
[e -]

= 62 dB
59

53

\/\/

47

Or, suppose the same numbers are arranged in a different order, as in

47
53> = 54
= 57
53
56 .

|

59

Sometimes, using different orders or adding may yleld sums that might differ
by 1 dB, bur this 1s not too significant a difference in acoustics, In
genatral, the above simplified summation procedure will yield accurate sums
to the nearest 1 dB. This degree of accuracy s considerad acceptahle for
the material given in these notes.
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RELATIVE RESPONSE (dB)

+10

+5

P / 5 AND CT

FIG,1

100 200 500 1000 2000 5000 10,000
FREQUENCY (HZ)

APPROXIMATE ELECTRICAL FREQUENCY
RESPONSE OF THE A-, B~, AND C-SCALE
WEIGHTING NETWORKS OF USASI-
APPROVED SOUND LEVEL METERS.
{Taken from General Radio Company
"Handbook of Noise Measurement")
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CHAPTER 2
NOLSE CRITERIA

The degree of disturbance or annoyance of zn intruding unwanted necise depends
esgentially on three things: (1) the amount and nature of the intruding
nolse, (2) the amount of background nolse already present before the in-
truding noise occurred and (3) the nature of the working or living activity
of the people occupying the area in which the noise is heard. People trying
to sleep in their quiet suburban homes would not tolerate very much

intruding nolse; while office workers in a busy mid-city office could have
greater amounts of noise without even notieing it; and factory workers in a
continuously nolsy manufacturing space might not even hear a noisy nearby
equipment installation.

It is common practice in acoustical engineering to rate various environments
by "noise criteria” and to describe these criteria by fairly specific noise
level values., Detailed discussions of noise criteria can be found in other
literature®, and only a brief useful summary of that material is introduced
here. In the interest of brevity, many important details and qualifications
are omitted, Thus, in a complex problem, additional reading or acoustical
asgistance may be necessary.

1. NOISE CRITERION CURVES

From earlier studies of many types of noise environments that people have
found eirher "acceptable" or "unacceptable' for various indoor working or
living activities, a family of "Noise Criterion Curves" {"NC" curves) has
been evolved, Figure ! presents these curves, Each curve represents a
reasonably acceptable balance of low frequency to high frequency noises for
particular situations. These curves are also keyed-in to the "speech
communication" conditions permitted by the noise, Thus, the lower NC surves
prescribe nolse levels that are quiet enough for resting and sleeping or for
excellent listening conditions, while the upper NC curves describe rather
noisy work areas where even speech communication becomes difficult and
restricted. The curves within this total range may be used to set desired
noise level goals for almost all typical indeor Functional areas where some
acoustic need must be served. For convenience in using the NC curves, the
octave band sound pressure levels of Figure 1 are enumerated in Table 1.

In Table 2, g number of typical indoor living, working and listening spaces
are grouped together Into "categories' and each category is assigned a

*

For a quantitative discussion of noise criteria and noise levels, refer to
a textbook or reference book on acoustics, such as "Noise Reduction", Leo L.
Beranck, Editor; McGraw-Hill Bock Company (1960) or "Handbook of Noise
Control", C. M, Rarris, Editor; McGraw-Hill Book Company (1954), or to the
latest issue of the ASHRAE "Guide and Data Book", American Society aof
Heating, Refrigeration and Air-Conditioning Engineers, Inc., 346 East 47th
Street, New York 10017 or to selected topics of the Journal of the
Acoustical Society of America
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representative range of noise criterion values, Low Category Numbers indi-
cate areas in which relatively low neise levels are desired; higher Category
Numbers indicate areas in which relatively higher noise levels are per-
missible, Any occupied or habitable area not specifically named in Table 2
can be added under any appropriate Category Number as long as the acoustic
requirements of the new area are reasonably similar to those of the areas
already named under that category. A 5-10 dB range of NC values 1is given

in Table 2 for each of the first five categories, In general, the lover
limit of each range should be used for the more critical spaces or the more
sensitive or eriticaloccupants of an area, while the upper limit of each
range may be used for the less critical spaces or occupants of an area,

An exception to this generalization may occur when it is clearly known that
the background noise of an area is so quilet and the walls between adjoining
rooms have such low "transmisslon loss' that speech sounds or other c¢learly
identifiable sounds may intrude from one office to another and be disturbing
to vecupunbs of either arca. In this type of situation, "masking noise" may
have to be introduced into the rooms in order to reduce some of the intel-
ligibility of the intruding seounds, and the higher range of noise criterion
values may actually be useful, as long as the mechanlcal equipment noise
itself {s relatively uncbtrusive and not too ldentifiable, When properly
controlled as to spectrum shape and souhd level, ventilation system noise
{the gentle "hissing" of diffusers, under-window induction units, dampers or
air valves) sometimes provides some of this "masking noise", In more
critical cases, where spectrum and level must be held under close control,
electronic noise sources may be used,

A special note of concern is given for the Category l and 2 areas of Table 2.
For a very quiet community area or for a quiet bullding with no internal
ventilation system nolse, the NC-20 nolse criterion should be applied for
indoor conditions. For a nolsy city environment outdoors or for g building
with a ventllation system known to fall in the NC-30 noise range, an NC-30
noelse criterion can be applied to rooms other than bedrooms or auditoriums.
For bedrooms or auditoriums or for situations that do not clearly fall at
the NC-20 lower limit or NC-30 upper limit, NC-25 indoor noise criterion
levels should be applied. )
The reader may refer to the most recent issue of the ASHRAE Guide and Data
Book for a listing of other typical situations and the associated range of
NC values. The ASHRAE Guide usually lists a 10 dB range of NC values for
each space, leaving it to the option of the user to select the specific NC
value for his own particular sitvation.

For music or performing arts centers or concert halls, there is increasing
evidence that a complete ahsence of noise is requived in order to provide

a full appreciation of the very low level sounds sometimes coming from the
stage area, Thus, an NC-15 to NC-20 criterion should be applied as the goal
for high quality concert halls, Acoustical assistance may be required to
achieve these goals,

It is noted here that much of the known data on eriteria do not extend down
to the very low frequency hand of 31 Hz. Some of the noise source data,
however, include 31 Hz levels., For most ordinary nolse problems, there will
be no serious concern for the 31 Hz band se it can be ignored for most cal-
culations. If it is known that a serious preblem involves decision-making
at 31 Hz, acoustical assistance should be obtained,
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2. SPEECH LNTERFERENCE LEVELS

A reascnably steady broad-band nofse with moderdte to high nolse levels in
the frequency bands of 500 to 2000 Hz will produce some degree of inter-
ferance with speech, since most of the intelligibility of the human voice
falls Iin this frequency range. The term "speech interference level of a
noise 1s now defined as the arithmetic average of the sound pressure levels
of the noilse in the three octave bands centered at 500, 1000 and 2000 Hz.*
Table 3 gives the average "speech interference level' of a nolse that will
just barely permit reliable speech communication for a range of voice
levels and distances. The data are based on tests performed out-of-doors
where there are no reflecting surfaces to help rveinforce the speech sounds,
but the values can be used as approximations for indoor conditions as well,
Also, to a first approximation (but not exactly), if a noise follows the
shape of an NC curve, the "PSILY value of the noise will nearly equal the
NC curwe number,

As a simple example of the use of Table 3, 1f the nolse levels in a
Mechanical Equipment Room average 62 dB in the 500, 1000 and 2000 Hz bands,
barely reliable speech conversations could be carried on in that room by
shouting at a l16-ft distance, by using a loud voice level at a distance of
B ft, by using a ralsed voice at a distance of 4 ft or by using a normal
voice level st a distance of 2 ft,

3. OUTDOOR BACKGROUND NOLSE

People tend to compare an intruding noise with the background noise that

was praesent before the new noise came into existence, If the new noise has
distinctive sounds that make it readily identifiable or if its noise levels
are considerably higher than the background or “ambient' levels, it will be
noticeable to the residents and it might be considered objectionable. On

the other hand, 1f the new nolse has a rather unidencifiable, unobtrusive
gound and its noise levels blend into the ambient levels, it will hardly be
noticed by the neilghbors and it probably will not be considered objecticnable.

This, in trying to estimate the cffect of a new noise on a neighbor, it is
necaessary to know or to estimate the background noise levels in the absence
of the new noise., Since the equipment is probably planned for continuous
day and night operation, and since people are less tolerant of an intruding
noise at night, the nighttime ambient noilse levels are important to the
evaluation of the problem.

Where possible (and especlally if a sensitive neighborhood 1s located nearby),
the average minimum nighttime neoise levels should be measured several times

wISILY was originally defined in terms of the three formerly-used octave
bands 600-1200, 1200-2400 and 2400-4800 Hz, With the acceptance of the 2
new international frequency bands in the U.8,, an adjustment of values
has been made and the new values are being i{dentified by the netation
"PSILY in order to designate that they are based on the now "preferred"
frequencies,
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during several typlcally quiet nights, Readings should be taken in octave
bands and veadings should be taken when there 1s no nearby truck or auto
traffic that would give falsely high values,

Lf background measurements cannot be made, the ambient noise levels can be
estimated approximately with the use of Tables 4 and 5, In Tahle 4, the
condition should be determined that most nearly describes the community

or residential axea or the nearby traffic activity (which frequently helps
set the ambient levels in an otherwise quiet neighborhood) that would exist
during the quictest time that the equipment would be in operation. For the
condition that is selected, there is an appropriate "Noise Code No.!" at the
right-hand side of Table 4 that 1s used to enter Table 5, For that parti-
cular Noise Code No., Table 5 then glves an estimate of the approximate
average minimum background noise levels for that area and traffic condition,
This is not an infallible estimate but it will serve in the absence of

actual measurements.

It is cautioned that these estimates should be used only as rough approxima-
tions of background noise and that local conditions can glve rise to a wide
range of actual noise levels.% It is, neverthelegs, realistic ro utilize a
method such as this to help determine the amount of noise that a new noise
can make without becoming noticeably louder than the genmeral background,

4, NOISE REDUCTION PROVIDED BY A BUILDING

An intruding noise coming from an cutdoor nolse source or by an outdoor
nolse path may be heard by a neighbor who i{s either indoors in his own
building or outdoors on his property., If he is ocutdoors he may judge the
intruding noise against the more-or-less steady background noise due to
other noises in the area, If he is indoors, he may tend to judge the noise
by whether it is audible or identifiable or intrusive into his surroundings,
If the nolse, when heard indoors in the neighbor building, can be made to
be no greater than the appropriate NC walues that would normally apply
there, it is quite likely that there will be no complaint against the nolse,

When outdoor noise passes into a building it suffers some nolse reduction,
even if the building has open windows. The actual amount of npise reduction
depends on building construction, orientation, wall area, Window area, open
window area, interior acoustic absorption, etc. For practical purposes,
however, the approximate noise reduction values provided by a few typical
building censtructions are given in Table 6. If these amounts of noise
reduction are added to the Indoor NC values, one would obtaln the outdoor
sound pressure levels that would yield the indoor NC values, applicable
when outdoor nolse passas through the building wall and comes indoors,

For convenilence and identification, the listed wall constructions are

*A procedure similar to this is given in the ASHRAE Guide. It is cautioned,
hawever, that the actual curves and sound levels used in the ASHRAE Guide
are not identical to those used in this manual, even though the ASHRAE
material originally was developed from data first presented in an earlier
Baltimore Aircoil Company Bulletin. The data presented here are recom-
mended as being slightly more conservative and somewhat more specific thay
the equivalent data offered in the ASHRAE Guide,
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labeled with letters A through G, and are described in the notes under
Table 6, Note that Wall A represents no wall at all, hence no noise re-
ducticn; and the use of Wall A indicates that the selacted NC eurve would
actually apply in this special case to an ocutdeor activity (such as for a
screened-in sleeping porch, a drive-in theater, an outdoor restaurant, an
outdoor terrace, and the like),

5. OUTDOOR NOISE CRITERION

From the foregoing material it is possible to estimate an approximate out-
door noise criterion for almost any type of neighbor situation. Two somewhat
independent approaches should be tried, and the decision based on the re-
sults of those two approaches.

The first approach provides an "outdoor noise level criterion" that will

essentially produce the desired indoor noise levels after the noise passes
through the wall of the neighbor building. These outdoor.noise levels are
merely the arithmetic sum of the appropriate indoor noise eriterion levels
from Table 1 and the noise reduction values of the neighbor's building as

taken from Table 6,

The second approach provides another "outdoor noise level criterion' that

is essentially based on the possible "intrusion' of the new noise into the
existing outdoor background noise, as determined from Tables 4 and 5., To
be completely inconspicuous, the new noise, when extrapolated to the
neighbor's location, should be kept at or belew the cutdoor background noise
levels in all octave bands., (If a noticeable pure tone signal is present
in the intruding noise, its octave band level must be 5-10 dB lower than
the background level in that octave band in order not to be noticeable, It
may be difficult or economically impractical to reduce the nolse to such low
levels that they are essentially undetectable in the background., In this
case it may be necessary to permit a small amount of intrusion; this may

be done at a risk of generating complaints against the noise, A noise ex-
cess of about 5 dB above the background (at night)} may produce some annoyance
but it probably will not lend to legal action. An excess of about 10 dB
above background noise will generally produce mild to stromg complaints, and
an excess of 15 dB or more is almest certain to generate serious complaints

and ultimately legal action.

When the outdoor noise criterion levels are obtained by these two approaches,
a decision should be reached on the f£inal levels to he used, The lower
octave band levels from each approach will certainly yield a non-intrusive
nolse; the upper octave band levels from each approach may be acceptable if
they do not produce the high noise level excesses menticned ahove,

6. PROTECTION OF HEARING

When people are exposed repeatedly to high noise levels for long periods of
time, hearing loss may result, The nolse levels in mechanical equipment
rooms (“MERs") or power plants in buildings are frequently high enough to
congtitute hazardous exposures for essentially continuous eccupancy in those
work areas,



Table 7 lists the maximum sound pressure levels recommended by two groups
for protection of hearing for personnel exposed to these levels for
essentially 8 hours per day for many years. Even these levels will produce
somé hearing loss to some individuals, For details, the reader should refer
to the original sources of data.,*

Tgble 8 lists the noise levels consldered acceptable for single part-time
exposures on a daily basis, FPart A of Tables 7 and 8 applies for broad-
band noise (no pure tones present), while Part B of each table applies for
narrow=band or pure-tone noise.

The CHABA Report emphasizes the value of rest or recovery periods of relative
quietness intermixed with periods of high noise levels, During these periods
of "quietness' (which must be at least 10 dB quieter in all bands than the
levels given in Table 7), the ears begin a recovery process from the previous
noise expesure that somewhat helps prepare the listener for the next noise
exposure. In effact, for airnarions where rhe gteady-ctate noisc levels

are just marginally above the recommended noise levels of Tgbles 7 and 8, it
is possible to reduce the effect of the higher noise levels by intentionally
providing some schaduled pericds of ‘'quiet'., Or, if the nature of the
gperator's work in the machinery room is somewhat intermittent, it would be
possible to permit these higher noise level exposures, provided that inter-
mittent perlods of relative quiet are also assured. Certain generalizations
can be given for the intermittent sequences of neise and quiet:

(1) for long intervals of nolse exposure, relatively long periecds of
recovery are required;

(2) for short intervals of noise exposure, relatively short periods
of recovery are required;

(3) the higher the noise level, the more beneficial is the short-
term removal from the neise.

The CHABA Report provides data on various ameounts of intermittent exposures
to noise to show the value of these recovery perilods. A representative
condition is shown in Figure 2., This plot shows the nofse levels considered
acceptable for certain intervals of noise "on" when they are followed by
lp-minute intervals of nolse "off'!, For use of these plots, the operator
should be exposed to nolse levels ar least 10 dB below the Table 7 values
during the lO0-minute recovery periods.

Itiis strongly reccmmended that a separate control room be provided for each
MER that must be attended, so that eperating personnel can be provided a
relatively quier environment that does not involve hearing-loss noilse levels.

*'Noise and Conservation of Hearing," Department of the Army Technical
Bulletin TB MED 251, 25 January 1965.

“Hazardous Exposure to Intermittent and Steady-State Noise,” National
Academy of Science and National Research Council, Committee on Hearing,
Bioacoustics, and Biomechanies ("CHABA"M), January 1965. (Also published
in the Journal of the Acoustical Society of Amerieca, Vol. 39, No, 3,

PP.+ 451-464, March 1966),
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l /‘-l If the conditions of Tables 7 and 8§ and Figure 2 cannot be met, ear pro-
tectors or a medically-supervised hearing conservation program are advised.

T+ WALSH-HEALEY REGULATION

The following excerpts are taken from the Federal Register, Volume 34, No. 96, j'
May 20, 1969 regarding U.S, Department of Labor Safety and Health Standards, o
and include corrections issued in July 1969: :

Para. 50-204.1 Scope and Application

{#} The Walsh-Healey Public Contracts Act requires that contracts
entered inte by any agency of the United States for the manufacture
or furnishing of materials, supplies, articles, and equipment in any
amount exceeding $10,000 must contain, among other provisions, 4
stipulation that '"no part of such contract will be performed nor will
any of the materials, supplies, articles, or equipment to be nanu=- ;
factured or furnished under said contract be manufactured or fabricated l‘_‘:_{.‘
in any plants, factories, buildings, or surroundings or under working y
conditions which are unsanitary or hazardous or dangerous to the health
and safety of employees engaged in the performance of sald contract.
Compiiance with the safety, sanitary, and factory inspection laws of :
the State in which the work or part thereof is to be performed shall F
be prima-facie evidence of compliance with this subsection.

(\ i Para, 50-204.,10 Occupational Noise Exposure

(a} Protection against the effects of noise exposure shall be pro- o
vided when the scund levels exceed those shown in Table I of this g
section when measured on the A scale of a standard sound level meter e
at slow response. When noise levels are determined by octave band :
analysis, the equivalent A-welghted sound level may he determined -
from the accompsanying chart. ,

{(b) When employees are subjected to sound exceeding those listed

in Table I of this section, feasible administrative or engineering

controls shall be utilized. If such controls fall to reduce sound

levels within the levels of the table, personal protective equip- ot
ment shall be provided and used to reduce sound levels within the R
levels of the table,

{c) If the variations in nolse level involve maxima at intervals of L
second or less, it is to be coneidered continuous,

ki AT AT
t

(d) In all cases where the sound levels exceed the values shown here-~
in, a continuing, effective hearing conservation program shall be

adninistered,
Exposui'e to impulsive or impact nolse should not exceed 140 dBC peak sound pregs-
sure level,
w )
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TABLE 1

PERMISSIBLE NOISE EXPOSURESl

Duration per
day, hours

Sound level

dBA
90

9z

a5

97

100

.
H

102

PP

sl

~-=105
.o
115

U E DWW SO

2
=]
=
i
(L]
ta
W

lWhen the daily noise exposure is composed of two or more pericds of noise
exposure of different levels, their combined effect should be considered,
rather than the individual effect of each, If the sum of the following
fractions: CL/T1+C2/T2, . . . Cn/Tn exceeds unity, then, the mixed exposure
should be considered to exceed the limit value. Cn indicates the total time
of exposure at & specifieﬂ[?hctualﬂ/noiae level, and Tn indicates the total
time of exposure permitted at that level.

140

160- 260 500 1000 2000 ]4000 8000
BAND CENTER FREQUENCY IN CYCLES PER SECOND

Equivalent sound level contours. OQctave band sound pressure levels may be
converted to the equivalent A-weighted sound level by plotiing them on this
graph and noting the A-weighted scund level corresponding to the point of
higheat penetration into the sound level contours. This equivalent A-welghted
sound leval, which may differ from the actusl A-weighted gound level of the
noise, is used to determine exposure limits from Table I.
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Simple examplec of mixed expoeures (refer to Table 1 and to footnote under
Table I):

a. Suppose 1 hour at 100 dBA Cl z 1 Tl = 2
1 hour at 95 dBA C,=1 T2'=h
2 hours at 90 dBA G3 =2 T3 =
ki hours at 85 dBA Cy = 4 T, = 00

Cllpy 4 C2/pp 4 C3/py , Cl/y,
= 1/2 + 1/ + 1/4 + 0 = 1 {acceptable)

b. Suppose 2 hours at 100 dBA Cl 1
2 hours at 95 4BA C2 a2 'I'2 aly
L hours at 90 dBA 03 a4 P =8

Cl/py 4 C2lpp 4 €3/g
21+ 1/2+1/2 =2 {not acceptable)

¢. Suppoae repeated peak impact levels of 112 dBA for 8 hours each doy
{but not exceeding 140 4BC). Suppose noise peaks last 50 millineconds
{1/20 séc) at operator position and oceur every i seconds. Total of
7200 impnets in 8 hours at 1/20 gec each, Total peak nolse exposure

time is

7200 x 1/20 = 360 seconds
= 6 minutes @ 112 dBA {acceptable)

8. EAR PROTECTORS

Table 9 presents the approximate minimum attenuation of s good, fitted ear
plug {Air Force Type Y¥-51R) and a reasonadly comfortable aoftly-seusling ear
nuff (Alr Force Type PRU=-1/P) used singly or in combination. Other current
modeln of well-fitted molded ear plugs and ear muffs will approximate or
excaed these values, although poorly fitting protectors will have leakage
and will fall short of theae values by as much a3 5 to 10 4B, In practice,
ear pluga are more likely to be poor-fitting because they work locse with

time,
The details of fitting, maintaining and the need for persistent use of car
protection are not discussed here as that must fall to the Medical Director

and ultimately to the user, It is merely emphasized that ear protectors
have no equal for certain specific nolse situntions.

In the words of Dr. Aram Glorig, leanding otologist in this field, "the beat
ear protector is the one that is worn!"
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OCTAVE BAND SOUND PRESSURE LEVEL |
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OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

FlG.1 INDOGR NOTSE CRITERION "NC" CURVES, REFER TO TABLE 1 FOR
NUMERICAL VALUES OF SOUND PRESSURE LEVELS OF NC CURVES,
REFER TO TABLE 2 FOR APPLICABLE AREAS,
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125
TIME INTERVAL

OF NOISE "ON"
"'—3 3 MINUTES
\ TIME INTERVAL
120 OF NOISE "OFF"
I0 MINUTES
6 MINUTES N\

\

|0 MINUTES

\\ \
5 MINUTES \\ \
20 MINUTES \\\ \

30 MINUTES

1o

[{o3-]

60 MINUTES

N
oo 45 MINUTES \Y
\

BO MINUTES A

e

” | 100 MINUTES \\ \ \
i} NN
\ N

NOISE ON 100 % —
OF THE TIME

SOUND PRESSURE LEVEL IN BAND - dB RE 0.0002 MICROBAR

a5
500 1000 2000 4000

CCTAVE CENTER FREQUENCY IN CYCLES PER SECOND (H2}

FiG. 2 HEARING PROTECTION CONTOURS FOR
LONG-DURATION BROAD-BAND NOISE,
WITH SYSTEMATICALLY SCHEDULED
10-MIN. ABSENCES FROM THE NOISE.
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NOLSE
CRITERION

__CURVES

NC-15
NC~20
NC=-25
NC~30
RC-35
NG~40
NC=-45
NC=-50
NC-55
RC-60
NC=-65

TABLE 1

OCTAVE BAND SOUND PRESSURE LEVEL (8PL) VALUES

63

51
34
57
60
64
67
71
74

80

ASSOCIATED WITH THE NOLSE CRITERION

CURVES OF FIGURE 1 AND TABLE 2

125
HZ

36
40
44
48
52
56
60
64
67
71
75

250
Bz

29
33
37
41
45
50
54
58
62
67
7l

500
HZ

22
26
a1
35
40
45
49
54
58
63
68

2=12

1000 2000 4000 BOOO
HZ HZ HZ HZ
17 14 12 11
22 19 17 16
27 24 22 21
il 29 28 27
i6 34 KX] 32
41 39 k}:] 37
46 4h 43 42
51 49 48 47
56 54 33 52
6L 59 58 57
66 64 63 62
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CATEGORY

1

TADLE 2

INDOOR FUNCTIONAL ACTIVITY AREAS

AREA (AND ACOUSTIC REQUIREMENTS)

Bedrooms, sleeping quarters,
hospitals, residences, apartments,
hotels, motels, etc, (for sleeping,
resting, relaxing).

Auditoriums, theaters, large meeting
rooms, large conference rooms,
churches, chapels, etc. (for very
good listening conditions).

Private offices, small conference
rooms, classvooma, libraries, etc.
{for good listening conditions),

Large offices, reception areas,
retall shops and stores, cafeterias,
restaurants, ete, {(for fdair listening
conditions).

Lobbies, laboratory work spaces,
drafting and engineering rooms,
maintenance shops such as for
electrical equipment, etc,

(for moderately fair listening
conditions) .

Kitchenas, laundries, shops, garages,
machinery spaces, power plant control
rooms, etc. {(for minimum acceptable
speech communication, no risk of
hearing damage).

2-13

CATEGORY CLASSIFICATION AND SUGGESTED NOISE CRITERION RANGE
FOR INTRUDING MECHANICAL EQUIPMENT NOISE AS HEARD IN VARIOQUS

NOISE CRITERION

NC=20
to
NC-30

NC-20
to
NC-30

NC-30
to
NC-35

NC=-35
to
NC-40

NC-40
to
NC-50

NC=45
to
NC-65
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TABLE 3

SPEECH INTERFERENCE LEVELS (PSIL"):
AVERAGE NOISE LEVELS* (IN DB) THAT PERMIT
BARELY ACCEPTABLE SPEECH INTELLIGIBILITY
AT THE DISTANCES AND VOICE LEVELS SHOWN

Voice Level

Distance
(fr) Normal Raisad Very Loud Shouting
% 74 80 86 92
1 G8 74 80 86
2 62 68 74 "80
4 56 62 68 4
6 53 59 65 71
8 50 56 62 68 6‘,
10 48 54 60 66 =
12 46 52 58 64
16 44 50 56 62
*PSIL (Speech Interference Level in Breferred” Octave Bands) is
arithmetic average of noise levels in the 500, 1000 and 2000 Hz
octave frequency bands, PSIL values apply for average male volces
{reduce values 5 dB for female voice), with speaker and listener
facing each other, using unexpected word material. PSIL values
may be increased 5 dB when familiar material is spoken, Dia-
tances assume no nearby reflecting surface to aid the speech sounds,

2«14
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(‘-) TABLE 4

ESTIMATE OF OUTDOOR BACKGROUND NOISE BASED
ON GERERAL TYFE OF COMMUNITY AREA AND
NEARBY AUTOMOTIVE TRAFFIC ACTIVITY

(Determine the appropriate conditions that seem to best
deseribe the area in question during the time interval
that 18 most critical; i.e., day or night, probably
night {f for slecplng, Then refer to ¢orresponding
Noise Code No. in Table 5 for average minimum background
noise levels to be used in nolse gnalysis, Use lowest
Code No. where several condicions arve found to be
regsonably appropriate,)}

NOTSR
CONDITION ng“
1% T

1, MNighttime, Tural; ne nearby tratfic of concern

1
2. Daytime, rural; no nearby traffic of concern 2
3, HNighttime, suburban; no nearby traffic of cencern 2
3
3

4. DPaytime, suburban; no nearby traffic of concern
5. Nighttime, urkan; no nearby traffic of concern

6. DPaytimo, urban; no nearby traffie of concaern 4
7. HNighttime, business or commerical area &
8, Daytime, business or commercial area 5
O 9, Nighttime, industrial or manufacturing avea 5
10, Daytime, Industrlial or manufacturing area 6
11, Within 300 ft of intermittent light traffic route [
12. Within 300 £t of continuous Light traffic route 5
13, Within J0D £t of continuous medium~density traffic &
14, Within 300 fr of continuous heavy-density traffic 7
15. 300 to 1000 £t from intermittent light traffic route 3 L
16, 300 to 1000 £t from continuous light traffie routa &
17, 300 to 1000 £t from continuous medium-density traffic 5 e
18, 300 to 1000 £t from continuous heavy-density traffic [
19, 1000 to 2000 £t from intermittent light traffic 2
20, 1000 to 2000 ft from continuous light traffic 3 i
21, 1000 to 2000 ft from continuous medium-density traffic 4 :,
22, 1000 to 2000 fr from contipuous heavy-density trafEic 5 o
23, 2000 to 4000 ft from intermittent light craffic 1 v
24, 2000 to 4000 ft from continucus light traffic 2 1
25, 2000 to 4000 ft from continuous mediume-density traffic 3
4 i

26, 2000 to 4000 £t from continuous heavy-density traffic

2.15

bl afi g A b Ak = % e @b L Y it ARE botern s e e



N s e - ke e b BT A
oy T L T T vy, -

. .‘J
;
aq

TABLE 5 &
£
OCTAVE BAND SUUND PRESSUKE LEVELS OF i
OUTDOOR. BACKGROUND NOLSE CODE NUMBERS OF TABLE 4 it
i
NOISE GODE NO. OCTAVE BAND CENIER FREQUENCY IN HZ %g
IN TABLE 4 63 125 250 500 100D 2000 4000 8000 i
1 40 37 32 27 22 18 14 12
2 45 42 37 32 27 23 19 17
3 50 47 42 37 22 28 24 22
4 55 52 47 42 37 33 29 27
5 60 57 52 47 42 38 34 32
6 65 62 57 52 41 43 39 37
7 70 67 62 57 52 48 44 42
i ;
!
|
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TABLE &

APPROXIMATE NOISE REDUCTION OF OUTSIDE NOISE PROVIDED BY
TYPICAL EXTERIOR WALL CONSTRUCTION

OUTAVE
FREQUENCY
. BAND

2y . £ L. L £ £ L
63 0 9 13 19 14 24 32
125 0 10 14 20 20 s 34
50 0 11 15 22 26 27 36
500 0 12 16 2 28 30 38
1000 0 13 17 26 29 33 42
‘ 2000 0 14 18 28 30 38 48
S 4000 0 15 19 30 3 43 53
R 8000 4] 16 20 30 33 48 58

O

Az No wall; outside conditiona,

B: Any typical wall constructlion, with eopen windows covering about
5% of exterior wall area.

C: Any typical wall conatructfon, with small open air vents of about 1%
of exterior wall atea, all windows closed,

,

D: Any typical wall construction, with closed but operable windows
covering about 10-20% of exterior wall area.

E: Sealed glass wall construction, 1/4 in, glass thickness over
appraximately 50% of exterior wall area.

F: Approximataly 20 1b/sq £t solid wall construction with no windows
and no cracks or openings,

Gt Approximately 50 lh/aq ft solid wall construction with no windows e
and no c¢racke or openings, e

217 ?%
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TABLE 7

A, MAXIMUM SOUND PRESSURE LEVELS
RECOMMENDED FOR HEARING CONSERVATION FOR
FULL-TIME EXPOSURE TO BROAD-BAND NOISE

Sound Pressure Level in Band

ng:::icy in dB re 0.0002 microbar
Band Recommended Recommended
Mz} by TB MED 251 by CHABA
125 - a7
250 92 92
500 85 a9
1000 : 85 B6
2000 85 85
4000 BS 85
8000 85 86
B, MAXIMUM SOUND PRESSURE LEVELS '

RECOMMENDED FOR HEARING CONSERVATION FOR
FULL~TIME EXPOSURE TO NARROW-DAND NOILSE OR PURE TONES

Sound Pressure Level in Band

Fg:ZE:icy in dB re 0.0002 microbar
Band Recomnended Recommended
—(Hz) by TB MED 251 by CHABA
125 - 92
250 a7 a7
500 80 84
1000 80 o1
2000 80 50
4000 80 50
8000 80 51
w
2-18
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b TABLE 8

A MAXIMUM SOUND PRESSURE LEVELS RECOMMENDED
FOR HEARING CONSERVATION FOR PART-~TIMBE
EXPOSURE TO BROAD-BAND NOILSE
S Octave Sound Pressure Level (in dB) in Band
- Frequancy for Single Exposure of Duration:

Band 4 2 1 ¥ ]
) Wrs.  Hes.  Hr. B,  Br.

! 125 103 111 119 127 135

| 250 96 101 107 115 123

500 g0 94 99 105 112

1000 88 91 95 100 106

2000 86 88 91 95 100

4000 85 87 90 93 98

BOCO a7 90 95 100 105

)
B, MAXIMIM SOUND PRESSURE LEVELS RECOMMENDED
FOR HEARING CONSERVATION FOR PART-TIME
EXPOSURE TO NARROW-DNAND NOISE OR PURE TONES
Octave Sound Pressure Level {in dB) in Band
Frequency for Single Exposure of Duration:

Band 4 2 1 ] %

(Hz) Hrs. Hrs, He, Hr. Br.

125 93 95 98 105 112

250 88 50 % 100 106

500 83 86 91 96 10l

. 1000 a2 85 89 93 97
s 2000 81 83 86 90 9%
- 4000 80 82 85 &8 92
. BOOO 82 85 90 94 99

J
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TABLE 9

APPROXIMATE ATTENUATION (IN DB) OF
WELL-FLTTED EAR PLUGS AND EAR MUFFS '
(Poor fitting reduces attenuation significantly)

[l g

{ EtamliwRi i}y

OCTAVE EAR EAR COMBINED
FREQUENCY PLUGS MUFFS }
BAND it
(HZ) rs
B
31 16 12 20 V;
pt
63 18 14 22 15;
135 20 16 2% i
¥
-
250 22 19 27 o i
500 24 24 30 ‘
i
1000 27 30 34
7]
o
2000 30 30 40 t
4000 33 35 45 V
8000 35 30 40
Note: . Some ear protectors may achieve higher values of attenuation. ,

Refer to manufacturers' literature.
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CHAPTER 3
NOLSE DATA FOR MECHANICAL AND ELECTRICAL EQUIPMENT

Noise data have been collected and studied for almost agll the different types
of electrical and mechanical equipment that might be encountered in the
Mechanical Equipment Room (MER) of a bullding., The noise data have been
evaluated Iin an attempt to correlate noilse levels with some of the more ohvious
noise-influencing parameters, such as type, speed, power rating, etc.®* The
noise data are summarized here, as a funckion of some of those parameters.

It is believed that the noise levels given represent approximately the 80 to
90 percentile values; in other words about 80 to 90% of the equipment might

be expected to have no higher noise levels than the eatimates given, but
possibly 10 to 20% of the equipment may have higher noise levels, The sample-
size of the data would not seem to justify any finer resclutjion.

1. SOUND POWER LEVEL AND SOUND PRESSURE LEVEL DATA

Noise data in some of the tables at the end of this section are given in
terms of sound power level (PWL), This is done wherever the oripinal measure-
ments included enough data vregarding the acoustic characteristics of the room
in which the measurements were made to be able to separate the effect of the
room from the noise characteristics of the source alone, Where the measure-
ments or measurement conditions did not provide adequate data on the influence
of the room, it has been decided to use only the resulting sound pressure
level (SPL) values,

In order to "standardize' all sound pressure levels to a common ¢ondition, a
distance of 3 ft has been selected. This decision s based on at least three
considerations: (1) because of crowded conditions in mechanical spaces most
measurements are taken at close distances, (2) much of the quoted data in .the
literature refers to g 3-ft distance, although this is not a universally used
distance, and (3) when conaidering the various building elements that provide
noise control (walls, ceilings, floors, etc.}, the floor is always a near-by
element and it is not unreasonable to consider that the noise at a 3-ft
distance will approximate the nolse levels impinging on the floor at the hase
of the equipment. Thus, it appears that the 3-ft SPL values would he the
highest SPLs necessary in a noise evaluation (specifically applicable to the
floor) and that the levels would decrease for greater distances within the
room. Also, for most applications, at 3-ft distances the noise levels are
essentially in the near £ield of large pleces of equipment and are reasonably
independent of the acoustic characteristics of the room, Thus, these close-in
levels can be taken for any room and/or equipment configuration with only a
small amount of uncertainty due to room acoustics., Later in the notes, the
SPL reduction for greater distances from the equipment will be shown,

2, [EQUIPMENT NOILSE SUMMARIES

Brief discussions of the noise of the various types of equipment included.in
the notes are given in the paragraphs that follew, The equipment is

*A large part of the current study of these data has been performed under
Contract No. DACA-73-68-C-0017 with the Office of the Chief of Engineers
of the Department of the Army,
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gsubdivided into the following general groups:

Refrigeration System Equipment
Packaged Chillers with reciprocating compressors
Packaged Chillers with rotary-screw compressors
Packaged Chillers with centrifugal compresisors
Absorption machines

Heating System Equipment
Bollers
Steam Valves

Air Handling Equipment
Fans

Liquid Circulation System Equipment
Cooling Towers
Pumps

Prime-Mover Equipment
Reciprocating Engines
Turbine Engines
Electric Motors
Steam Turbines
Gears

Electric Equipment
Transfotmers

Alr Compressors

3., PACKAGED CHILLERS WITH RECIPROCATING COMPRESSORS

Noise data for 24 reciprocating compressors or packaged chillers with
reciprocating compressors have heen collected and studied. These units
range in size from L5 tons to 150 tons cooling capacity. The noise levels
have been reduced to a common 3-ft distance from the front of the compressor,

In terms of noilse production, it appears that the measured compressors can
be divided into two groups: 15-50 tons and 51-150 tons., The two ends of
the total range have baen extended slightly to cover compressors from 10

to 175 tons. When cooling requirements exceed about 100 to 150 tous,
centrifugal compressors become more economitcal so there are few reciprocating
units rated apove about 150 tons,* Even in this collection of data, several
of the larger units are actually made up of assemblies of two to four smaller
compressors .,

The suggested near-maximum noise level estimates are glven in the upper
portion of Table 1. MApparently,there is not a large enough range in speed
of these machines to justify a ncise adjustment for speed. Although major
intereat {s concentrated here on the compressor component of a refrigeration

*A ton of coollng capacity is defined as the amount of heat removal required
to produce one ton of ice per 24 hour period.
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machine, an electric motor is usually the drive unit for the compressor. The
noise levels attributed here to the compressor will encompass the drive motor
most of the time, so these values are taken to be applicable to either a
raciprocating compressor alone or a motor-driven packaged chiller containing
4 reciprocating compressor.

4. PACKAGED CHILLERS WITH ROTARY-SCREW COMPRESSORS

Based on data for only three units, the octave band sound pressure levels

{(at 3-ft distance) believed to represent essentially maximum nolse levels

for rotary-screw compressors are listed in the middle portion of Table 1.

These data apply for the size range of 100-300 tons cooling capacity, operating
at or near 3600 RPM.

5. PACKAGED CHILLERS WITH CENIRIFUGAL COMPRESSORS

Noise levels have been measured for 20 centrifugal type compressors. These
measured compressors range In size from 140 tons to 1500 tons and represent
several leading manufacturers, The noise levels may be influenced by motors,
gears or steam turbines used to drive the compressors, buk the measurement
positions are generally selected to emphasize the compressor noise, The
noise levels given in Table 1 represent essentially the maximum values found
for the twenty units when divided into the two size groups: under 500 tons
and 500 or more tons.

6. ABSORPTLON MACHINES

Noise data have been acquired for only a few steam absorption machines. More
data would be sought if these were seriously noisy devices, but they are quiet
enough that they are usually ignored in any noise survey of a mechanical
equipment room, The machine usually includes one or two small pumps, Steam
flow noise or steam valve noise may alsoc be present.

It is believed that the noise levels given at the bottom of Table I will give
adequate coverage of most absorption machines used in refrigeration asystems
for buildings.

7. BOILERS

Noise data have been measured or collected for at least 36 boilers, ranging in
size from 50 to 2000 boiler horsepower ("BHP'), It has not been possible to
correlate noire with heating capacity alone or with any other known design
parameter, Noise levels at the normalized 3-ft distance may be as high for
the smallest as for the largest units, Henee, the estimated noise levels
given in Table 2 ave believed applicable for all boilers, although some

units will exceed these values. These 3-f£t nolse levels are applicable to
the front of the boiler; so when other distances are of concern, the distance
should always be taken from the front surface of the boiler., Noise levels
are much lower off the side and rear or the typical boiler. When one sees
the wide variety of blower assemblies, burners and combustion chambers Ffound
on varicus boilers, it is no wonder that the noise output canmoc be simply
associated with heating capacity.
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Heating capacity of bollers may be expressed in four different ways, as follows: !lD

(a) sq. £t of heating surface
(b) BTU/hour

(c) 1b of steam/hour

(d) BHP (boiler horsepower). l

S To a first approximation, these terms are interrelated as follows:

10 sq. £t of heating surface = 1 BUP

: ‘ 33,500 BTU/hour = ] BHP
) 1 33 1b of steam/hour = 1 BuP
24~,:.“w.-§ All ratings have been reduced here tao equivalent BHF, 5

8. SIEAM VALVES

Bugsed on the noise level data of three groups of steam valves, mostly on high
pressure steam lines, estimated near-maximum noise levels are given in Table 2
for what is considered to be a typical thermally-insulated steam pipe and
valve., Even though the noise is generated at and near the orifice of the
valve, the pipes on elther side of the valve radiate a large part of the

total noise energy that is radiated. Hence, the pipe is considered, aleng
with the valve, as a part of the noise source.

9. FANS éi. "
The recent issues of the ASHRAE Guide have summarized the most detailed =T
available data on ventilating fans, The ASHRAE Guide should be used for
estimating the PWL of the fan noilse transmitted along the inlet and discharge
ducts for the specific type, size and operating condition of the fan. Approxi- i
mate MER noise levels due to an enclosed fan can be estimated by deducting
the approximate "transmission loss" aof the enclosure from the PWL of the fan
and then estimating the SPL radiated into the room by that reduced PWL., This
will become more apparent later in the notes,

In the event that a suitable PWL estimate cannot be obtained from the fan :
manufacturer or from the ASHRAE Guide, a rough estimate of the in~doct fan PWL !
can be obtained from Table 3. il

10. COOLING TOWERS

It must be realized that the generalizations drawn here may not apply exactly
to all cooling towers, but it is believed that these generalizations are ope
step closer toward the useful data frequently required by the architect or
englneer in laying out cooling towers and cooling tower nolse control treat-
ments in any given acoustic environment, It is still desirable to try to
obtain from the manufacturer actual measured noise levels for all directions
of interest, but if these data are not forthcoming, it is essential to be
gble to construct approximately the directional pattern of the cooling tower
noise.
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For aid in identification, four general types of cooling towers are sketchea ;
in Figure 1: X

A, the centrifugal~fan blow-through type,

B. the axial-flow blow-through type (with the fan or fans
located on a side wall),

C; the induced-draft propeller-type, and

D, the "underflow" forced-draft propeller-type (with the fan
located under the assembly).

4. Noise Levels at a Distance. Part A.of Table 4 gives estimated
sound power levels (PWLs) for propeller-type cooling tewers., In the absence
of more accurate measured or estimated data from the tower manufacturer, the
Table 4A data may be usad for estimating the total noise output of types B, i
C and D cooling towers listed fimmediately above and shown in Figure 1, pro-
vided they are driven by propeller-type fans.

Part B of Table 4 gives the estimated sound power levels of cooling towers
driven by centrifugal-type fans, such as shown in type A of Figure 1.

To obtain the average outdoor sound pressure levels at any distance from an
unobstructed cooling tower, a distance term" is applied to the sound power
levels of Table 4, This "distance term" is given later in the notes. When
the distance term is applied, the calculation ylelds the average SFL all
arocund the cooling tower as though there were no directionality variations
of the noise,

1 s

P e

b, Directional Corrections. It is obvious, of course, that the noise
differs for different radiating surfaces of a typical tower, and it is valuable
to know, at least approximately, the amount of the directional variations,
Table 5 gives some approximate corrections, for the directional effects of the
four types of towers considered here, These corrections are to be added to
the average SPLs calculated for the particular distance involved, PFPlease
note the qualifications to the use of Table 5, as gilven under the caption
of the table. These corrections apply to the five principal directions from
a cooling tower, i.e, in a direction perpendicular.to.ecach of the four sides i
and to the top of the tower, If it is necessary to estimate the S5PL at some g
direction other than the principal directions, one should feel free to inter~
polate between the values given for the principal. directions.

T I e

sz

AR

~ &+ Close-in Noise lLevels. The nolse data given in the preceding dis- i
cussion are most useful in estimating the noise levels of cooling towers as 3
heard at some distance away. Although the sound power level data can be used

to estimate approximately the close-in noise levels, considerable close-in

data have been collected and are suggested for use in determining, for example,

the type of wall or floor required to separate the cooling towers from quiet

parts of the building. Based on the data, Table 6 gives the estimated close=-in

noise level summaries for the four types of towers. Although very little data

were studied for the "underflow" tower, it would seem reasonable to expect the
close~in noise levels of the axial-flow blow-through type to be comparable to

those of the "underflow' type, Thus, these two types are combined in Table 6
functionally the fans perform similar operations, the only significant

difference {s their location relative to the tower assembly.
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d, Half-speed Operation, When it is practical to do so, the cooling @
tower fan can be reduced to half-speed in order to reduce noise; it also
reducas cooling capacity, Half-gpeed produces approximately two~thirds
cooling capacity and approximately 8-10 dB noise reductlion in the octave
bands that contain mest of the fan-induced noise. The noise reduction for
half-speed operation is approximately as follows: Reduce the octave band
8PLs or PWLs of full-speed cooling tower noise by the following amounts for
half-speed operation, where fB 15 the blade passage frequency and is cal-~
culated from the relation

£, = No. of fan blades x.shaft RPM

‘ B 60
Octave band Noise reduction L
! that contains: due to half-speed: ol
j 1/8 £, 3 d8 .
1/4 £ 6 dB i
/2 £ 9 db b
EB 9 dB ‘
2 fB 9 dBb
J.=
4 fB 6 dn :
8 EB 3 dB
If the blade passage frequency 1s not known, assume that it falls in the @ f

125 Hz band for propeller-type cooling towers and in the 250 Hz band for
centrifugal-fan cooling towers. Water fall noise usually deminates in the
upper octave bands and it would not change significantly with reduced fan ;v

speed,

&. Limitations, The data given here represent the most complete survey
to date on cooling tower nolse, but it must still be expected that noise
levels may vary from manufacturer to manufacturer and from model to model as
specific design changes take place, Whenever possible, request the manu-
facturar to supply the specific noise levels for the specific needs,

Most of the preceding discussion assumes that cooling towers will be. used

in outdoor locations, If they are located inside enclosed mechanical equipment
rooms or within courts formed by several solid walls, the sound patterns will
be distorted, In such instances, the PWL of the tower (or appropriate

J portlions of the total PWL) can be placed in that setting, and the enclosed or
. partially enclosed space can be likened to a room having certain estimated

§ amounts of reflecting and absorbing surfaces. Because of the limitless number
of possible arrangements, this 1s not simply handled in a general way, so the
problem of partially enclosed cooling towers 1s not treated here in detail,

In the absence of a detailed analysis of cooling tower moise levels inside
enclosed spaces, it is suggested that the close~in noise levels of Table 6 be
used as peneral approximations.




£. Evaporative Condensers. Evaporative condensers are somewhat
similar to cooling towers in terms of noise generaztion. A few evaporative
condensers have been ineluded with the cooling towers, but not enough units
have been measured to justify a separate study of evaporative condensers
alone. In the absence of noise data on specific evaporative condensers,
it is suggested that noise data be used for the most nearly similar type and

slze cooling tower,

&+ -Adlr-cocled Condensers. For some imatallations, an outdoor air-cooled
condenser may serve as a substitute for a cooling tower or evaporative con-
denser, The noise of an air-cooled condenser ia made up almost entirely of
fan noise and possibly air-flow noilse through the condenser coil decks. In
general, the low frequency fan noise dominates. Since most of the low
frequency nolse of a typical cooling tower is due to the fan system, in the
absence of specific data on air-cooled condensers, it would not be unreasonable
to use noise data for the most nearly similar type and size cooling tower.

11, PUMPS

Noise data have been collected and studied for a large number of pumps ranging
in size from 3 HF to approximately 2000 HP, The various pumps covered a speed
range of 450 to 3600 RPM. All pumps were loaded but not necessarily at full
rated load. The name-plate horsepower of the drive motor or turbine has
usually been used to rate the pump power. All noise data have been normalized
to the reference distance of 3 ft in an indoor situation, Based on the
measured noise data, a schedule of noise levels for various speed and power
roanges 1s given in Table 7.

12, NATURAL-GAS AND DIESEL RECIPROCATING ENGINES

A fairly thorough study was carried out in 1966-67 for the Office of the Chief
of Engineers of the Depavtment of the Army and for the American Gas Associ-
ation to collect and study the nolse of reciprocating and turbine engines.

The estimated PWLs for the casing noise of reciprocating engines, driven by
natural gus or liquid fuel, are given in Table B, The estimated PWLs of un-
muffled exhaust noise are given in Table 9, and the estimated PWLs for
untreated turbocharger inlet noise are given in Table 10, Various corrections
are alsc listed in these tables,

13, GAS TURBINE ENGINES

Sound power levels are given in Table 11 for the casing noilse of unenclosed
gas’ turbine engines, The footnotes indicate approximate amounts of noise
reduction that can be applied if the turbine engine is fitted with some sort
of enclosure. The approximate PHLs of unmuffled exhaust and intake noise of
turbine engines are given in Table 12, Parts A and B.

The turbine engines listed here cover a power range of 200-5000 KW, Although
the original noise study included turbine engines up to 19000 KW, there are
apecial nolse problems assoclated with the very large outdoor installations
that are considered beyond the scope of the present material, To convert
between HF and KW, use the following relationship:

HP = 1.5 KW
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14. ELECTRIC MOTORS

The noise data of more than 90 electric motors (or groups of motors) have
been accumulated and summarized, The data include tables of noilse levels
listed in the IEEE Publication No, B5% and in a paper by Heitner#, as well

a8 noise levels collected or measured for many motors in field installaticons,
The data study included large numbers of both "drip-proof" (or "splash-proof"
or '"weather-protected") motors and "totally-enclosed fan-cooled" (TEFC)
motors, but no significant noise difference was found for these twe groups.
Noise levels were found to increase with HP rating and to decrease with speed
approximately in accordance with the astimated values given in Table 13, The
total range of motor power covered was 1 to 4000 HP, and the total range of
motor speed was 450 to 3600 RPM. Some motors range 10 to 30 dB below the
nolse level curves of Table 13, but 3 £ow motors exesed the nolse estimates
throughout the speed and power ranges.

15. STEAM TURBINES

Noise data for elght steam-turbines have been collected, covering a power
range of 500 to 11,000 HP. The nolse levels are found generally to increase
with increasing power rating, as shown in Table 14,

16. GEARS

Nolse data have been measured or collected for nine large gears in the power
handling range of 300 to /23,200 HP. It is generally true that the noise
output increases with increasing speed and power, but it 1s not possible to
predict in which frequency band the gear tcoth contacts or the "ringing
frequencies' will occur for any unknown gear. Thus, the noise level astimate
of Table 15 assumes a flat spectrum in all octave bands at and above 125 Hz,
Although the spectrum is known not to be £lat, this estimate permits peak
frequencies to fall into any octave band, The estimate given here is nat
cluimed to be highly accurate but it will provide a ressonable engineering
evaluation of the gear noilse,

17. TRANSFORMERS

Transformers typically are covered by NEMA sound level ratings, and transformer
manufacturers usually quote the NEMA ratings when asked to specify the noise
cutput of their products. Some manufacturers, however, produce and market
transformers having sound levels below the applicable NEMA ratings. These
quieter transformers may be sold at somewhat hipher prices,

The current NEMA Standards Publication No, TR 1-1968 specifies the method

for measuring end calculating the sound level rating for a transformer. 1In
effact, the procedure consists of averaging a large number of A-scale sound
level meter readings taken all around the transformer (at suitably specified

#'Test Procedure for Alrborne Noise Measurements on Ratating Electric
Machinery', February 1965, This table of noise data is repeated in the
NEMA Publication MC1-1967 on Motors and Generators,

PHow to Estimate Plant Noises", Irving Heitner, Hydrocarbon Processing,
December 1968, Vol. 47, No. 12, pages 67-74.
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positions) at distances of 1 ft from various surfaces of the transformer (or
at 6~ft distances from fan-cooled radiating surfaces). The reader i{s referred
to the various applicable NEMA publications for more detailed discussions of
the procedure.

It is important to understand the significance of the NEMA "audible sound
level," as it is called in the specification. Interest here is limited to
60-Hz (cycle) power, Due to the magneto-strictive action of the transformer
core material, the core goes through a complete cycle of oscillation for each
half-cycle of voltage change. Thus, for 60-Hz operation, maximum sound output
from the core occurs at 120 Hz and its harmonics (240, 360, 480 Hz and so0 on).

The A-scale weighting network of the sound level meter intentionally dis-
criminates against low-frequency sound; it somewhat simulates the response of
the human ear for low-level sounds at low frequency. To be specifie, the
A-szale network reducen Ele signal levels of the transformer frequencies, of
interest here, by the following amounts (in accordsnce with USASL standards
for sound level meters):

60 Hz =27 dB
120 Hx -16 dB
240 Hz -9 dB
360 Hz -5 dB
480 Hz -4 dB

This means, simply, that if a transformer produced at the 1l-ft position a
true sound pressure level of 66 dB at 120 Hz (and assuming no other com-
ponents present), the A-scale reading would be 66-16 = 50 dBA, Note the
designation "dBA" to indicate an A-scale reading in decibels, and note also
that this value is called a “sound level,' not a "sound pressure level!',

Based on data and experience with a few nolsy transformers, an estimating
procedure has been derived which, it is believed, will provide a maximum
reasonable sound pressure level in a transformer room based on the NEMA sound
level rating for that transformer. Thus, it is necessary for the electrical
engineer on the job to determine the electrical power handling requirements
of the planned transformer and to estimate or obtain from a manufacturer the
probable NEMA sound level rating for that transformer. The NEMA rating number
{in dBA} should then be added algebraically to the values listed in the right-
hand c¢olumn of Table 16 to obtain the estimated maximum SPLs near the
transformer,

In this development, assumptions have been made regarding "'harmonic content!
of the transformer nolse and the possibility of standing waves in the trans-
former room. For most transformers and transformer rooms, the SPLs will. not
be as hipgh as the estimated values, Many transformers are quieter than the
NEMA standard, many transformers do not produce unusually high 240, 360 and
480 Hz noise components, and for many installations there will be no strong
standing wave build~up, so this procedure will appear to yield high sound
pressure levels when tested agalinst many existing situations, However, this
procedure is designed to protect a room against the marginally "noisy" trans-
former in which each of these effects may be somewhat pronounced,
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There are a fow points to keep in mind in the application of this procedure,

1, Where a manufacturer is willing to guarantee that his product
will produce a lower sound level rating than the otherwise~
applicable NEMA rating, the manufacturer's sound level value

(the average dBA reading taken at l-ft distance in accordance
with the NEMA method) may be used when entering Table 16 for
obtaining the octave band SPLs,

2. The purchase specification should state that the sound
level of the purchased transformer shall not exceed the
applicable NEMA sound level rating, and that the tranaformer
shall be removed if it does not comply,

3. Although the procedure developed here is based on trans-
former nolse rather than cooling fan noilse, it is believed

that the nolse estimate will protect against a reasonable
amount of fan nolse £or anv large foreced-alr cooled transformer,

18. AIR COMPRESSORS

Two types of air compressors are frequently found in buildings: one i858 a
relatively small compressor (usually under 5 HP) used to provide a high
pressure air supply for operating the controls of the ventilation system,

and the other 1s a medium size compressor (possibly up to 100 HP) used to
provide 'shop air" to malntenance shops, machine shops or some lahoratory
spaces, or Lo provide ventilation system control pressure for large buildings,
Larger compregsors are used for special industrisl processes or special
facilities, but these are not considered within the scope of this survey.

Prom the measured data on nine compressors, it has been poasible to arrive at
nolse estimates that will encompass both reciprocating and centrifugal come
pressors in the range of 1 - 100 HP, These are shown in Table 17,

19, MULTIPLE NOISE SOURCES (DECIBEL ADDITION)

Since a mechanical equipment room generally contains several pleces of equip-
ment, it will be necessary frequently to add together the noise levels &t a
porticular location in the room due to a number of sources, When noise lavels
are combined “by decibel addition', the four simple steps of Table 18 should
be followed,

20, VENTILATION OPENINGS IN MER WALL

When room ventilation air is brought inte an MER through a hole in the exterior
wall, that hole will allow roise to escape to the ocutside, The escaping noise
may be disturbing to nearby neighbors, The power level of sound that passes
through an opening into or out of a room is approximately

PWL (in dB re 10" %waccs)
= SPL + 10 log A-10

where SPL is the sound pressure level at or near the opening and A 1s the cross-
section area in sy ft of the opening., A new term "Area Factor' ("AF") is
defined as follows: WARM = 10 log A - 10.

Then
PHL = SPL + VAFVP,

Table 19 gives a range of values of Y"AF" for a representative group of areas.
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TABLE 1

ESTIMATED SOUND PRESSURE LEVELS (IN DB) AT 3-FT DISTANCE
DUE TO VARIOUS TYPES OF REFRIGERATION MACHINES

OCTAVE
BAND (H2) 3l 63 125 250 500 1lo00 2000 LOoOo 8000

MACHINE TYPE AND COOLING CAPACITY (TONS):

PACKAGED CHILLERS wITH RECIPROCATING COMPRESSORS

1058 ga 86 8y 8 87 86 &4 B0 75
S1-175 85 g0 89 92 93 92 90 B6 81

PACKAGED CHILLERS WITH ROTARY-SCREW COMPRESSORS
100-300 7 76 80 92 8 8 8 15 173

PACKAGED CHILLERS wiTH CENTRIFUGAL COMPRESSCRS

Under 500 g1 88 8 90 90 91 92 87T BO
500 and more By 50 91 92 93 9T 99 ol 87

ABSORPTION MACHINES
All pizes 88 9 86 8 86 83 8 7T T2

TABLE 2

ESTIMATED SOUND PRESSURE LEVELS (1IN DB) AT 3-FT DISTANCE
DUE TO BOILERS AND STEAM VALVES

QCTAVE
BAND (HZ) 31 &3 125 250 500 1000 2000 Looo 8000

BOILERS (50-2000 EHP)®
92 92 92 89 86 83 8o 7 Th

STEAM VALVES (WITH THERMAL INSULATION)

™ TO 70 T0 75 & 85 90 95

® Distance should be measured from the front surface of the boiler.
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TABLE 3

APPROXIMATE OCTAVE BAND SOUND POWER_ LEVELS#*
OF VENTILATING FAN NOISE (DB RE 1012 wATT)

NAME-PLATE RATING OF FAN DRIVE MOTOR

129
to
256

105
107
107
105
101
26
91
86
81

QCTAVE 1 2,1 4,1 9 17 33 65

FREQUENCY to to to to to to to

BAND 2 4 B 16 3z B4 128
(HZ) HR MR HE_ MR WP @R HE

i 84 87 90 93 96 99 102

63 86 89 92 95 98 101 104

125 86 89 92 95 98 101 104

250 84 B7 90 93 096 99 102

‘ 500 80 83 86 89 92 95 98
1000 75 78 81 84 &7 90 93

2000 70 73 76 79 82 85 88

9 4000 65 68 %17 80 83
8000 60 &3 66 69 72 75 78

ROTES:

l, Add 3 dB to all values if static pressure produced by fan is
1.5 to 3 in. water gauge,

2. Add 6 dB to all values if static pressure produced by fan is
3.1 0 6 in. water gauge,

3. Add 9 4B to all values if static pressure produced by fan ig
6,1 to 12 in. water gauge.

4. he values given here apply to the noise radiated from the dis-
charge end of the fan. Subtract 2 dB to obtain an estimate of
the noise radiated from the intake end of the fan. These values
do not represent the noise radiated by the fan casing and ducts.

8  Theze approximations may be used in the absence of more definite

Tt P R AL b e e e

fan data from the manufaqturer or from the ASHRAE Quide and Data
Book. Ses Appendix B for excerpts on fan noise from ASHRAD Guide.
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TABLE 4 i
A. APPROXIMATE OCTAVE BAND SOUND POWER LEVELS OF PROPELLER g
TYPE COOLING TOWER IN dB ve 10-12 WATT )
OCTAVE 4 9 17 33 65 129 s
FREQUENCY to to to to to to
BAND 8 16 32 64 128 256
_um) R HP HP HP HP MR
S 31 96 99 102 105 108 111
e 63 101 104 107 110 113 116
- 125 100 104 107 110 113 116
250 96 99 102 105 108 111
. 500 93 96 99 102 105 108
1000 89 92 95 98 101 104
SRR 2000 86 89 92 95 98 101
S 4000 82 86 89 92 95 98
o 8000 78 81 84 87 90 93
B, APPROXIMATE OCTAVE BAND SOUND POWER LEVELS OF

CENTRIFUGAL TYPE COOLING TOWER
IN dB re 10-12 WATT

OCTAVE 4 9 17 33 65 129
FREQUENCY to to to to to to .
BAND 8 16 32 64 128 256 -j-.j
—fHz) HE_ Hp HP HP HE HP_ "
3 85. 88 91 9% 97 100
63 86 89 92 95 98 1ol
125 86 89 92 95 98 101
250 84 a7 90 93 96 99
500 83 86 89 92 95 98
1000 81 B4 87 90 93 96
2000 82 85 88 91 9% 97
4000 ' 76 79 82 85 88 91
8000 69 72 75 78 81 84

3-14
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TADLE 5

APPROXIMATE CORRECTIONS TO AVERAGE SPLs FOR DIRECTIONAL EFFECTS OF COOLING TOWERS

(Add these decibel corrections to the average SPL caleulated for a glven distance from the tower,
Also, these

Do not apply these corrections for close~in positions, such as leas than 10 £t,

correctiona apply when there are no reflectin

normal rvadiation of sound from the tawer.)

OCTAVE

BAND_(Hz) 31 63 125
CENTRIFUGAL«FAN BLOW-THROUGH TYPE

Front +3 +3 +2
Side Q 0 o0
Rear 0 0 -1
Top -3 -3 -2
AXLALFLOW_BLOW~THROUGH TYPE

Front +2 +2 +4
Side +1 +1 +1
Rear -3 -3 -4
Top -5 -5 -5
INDUCED=DRAFT PROPELLER-TYPE

Front 0 0 0
Side -2 -2 -2
Top +3 +3 +3

MNDERFLOW" FORCED~DRAFT PROPELLER-TYPE

Any side -1 -1 -1

*Top +2 +2 +2

lm
Ln
1=}

+6
~2
»7
=5

+1
-3
+3

-2
+3

50

+4
-3
-3
+1

+6
=5
~7
-2

+2
-4
+2

-2
+3

g or obstructing surfaces that would modify the

1000 2000 4000 8000
+3 +3 + +4
-4 -5 -5 -5
-4 -5 -6 -6
+2 +3 +4 +5
+5 5 +5 +5
-5 -5 -5 -4
-7 -8 -11 -8

0 0 +2 +1
+2 +2 +3 +3
-4 .5 -6 -6
+2 +2 +1 +1
-3 -3 A A
4 +4 +5 +5

Rk TR
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TABLE 6

ESTIMATED CLOSE-IN SOUND PRESSURE LEVELS (IN DB) FOR THE INTAKE AND
DISCHARGE OPENINGS OF VARIOUS COOLING TOWERS
(3-ft to 5~-ft Distance)

OCTAVE
BAND (Hz ki 63 125 250 500 1000 2000 4000 8000

CENTRIFUGAL-FAN BLOW-THROUGH TYPE

Intake a5 85 &5 &3 51 /9 76 73 68
Discharge 80 80 80 79 78 17 76 75 74

by AXIAL-FL.OW BLOW=-THROUGH TYPE (INCLUDING "UNDERFLOW' TYPE)

e

o Intake 97 100 98 95 91 86 81 76 71
Dischargae 88 88 88 86 84 82 80 78 76

PROPELLER-FAN INDUCED DRAFT TYPE

Intake 97 98 97 94 90 a5 80 75 70
Discharge 102 107 103 98 93 a8 83 78 73
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TABLE T

ESTIMATED SOUND PRESSURE LEVELS (IN DB) OF
PUMPS (AT 3-FT DISTANCE INDOORS) AS A
FUNCTION OF POWER AND SPEED

PUMP RATED OCTAVE BAND FREQUENCY ~ HZ
RPM HP 31 63 125 250 500 1000 2000 4000 8000
Under 12 M T 8o 8z 82 80 Tt Th 69
o 12-2h 80 8 83 8 85 83 80 77T T2
2 25-4g 83 83 86 B8 688 86 83 8o 75
m 50-99 86 86 83 91 91 89 a6 83 78
g 100-199 89 8 92 ok 9} 92 8¢ 86 81
2 200-400 g2 92 95 9T 97 95 92 89 8L
Over 40O 95 95 98 100 100 98 95 92 a7
Under 12 2 72 75 T 1M 75 T2 €9 64
12-24 ™S75 18 80 80 78 75 T2 &1
o 25-h49 7m 78 8L 83 83 81 T8 75 ‘10
n 50-99 81 81 Bh 86 86 84 81 T8 T3
) 100-195 8y, B4 87 89 89 Ly 8 81 76
g 200-hG0 8T 87 90 92 92 90 ar 84 19
over 400 90 9 93 95 95 93 90 a7 f2
Under 12 70 0 13 75 15 73 T0 67 62
o 12-24 73 173 76 78 18 16 13 TO 65
25-49 ™ 76 79 81 8 79 76 73 68
b 50=99 79 79 82 84 B84 82 19 16 7L
B 100-199 82 82 85 8T 87 Bs 82 19 i
200-400 85 85 88 90 50 88 85 B2 i
Over L0OO 68 88 91 93 93 91 88 85 80
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TABLE 8

ESTIMATED OCTAVE BAND SOUND POWER LEVEL (PWL) VALUES FOR
CASING NOISE OF UNENCLOSED GAS AND DIESEL RECIPROCATING ENGINES®

ESTIMATED PWL = "BASE PHL" (from table below)
+ SPEED CORRECTION
+ FUEL CORRECTION (in dB re 10712 watt)

T Nuous "BASE PWL" IN OCTAVE FREQUENCY BAND
ENGINE 63 125 250 500 1000 2000 4000 8000
HP HZ _HE _Hz W2 H2 HZ HZ HZ
15-23 95 99 99 98 98 97 n 84
24-37 97 1Q 101 100 160 99 93 86
38-59 99 103 103 102 102 101 g5 88
§0-94 101 105 105 104 104 103 97 90
95-149 103 107 107 106 106 108 9% - 92
150-239 105 109 109 108 108 107 101 a4
2ho-379 107 11 1 110 110 109 103 96
380-599 log 113 113 112 112 11 105 98

a00-949 111 115 115 124 114 113 107 100
950.1499 113 117 117 116 - 116 115 109 102
1500-2399 115 119 119 118 118 117 111 104
2400~3800 117 121 121 120 120 119 113 106

For Engine Speed: SPEED CORRECTION {in 21l bands)

Undar 600 rpm - 54dB
600-1500 rpm - 2dn
Above 1500 rpm 0 dB
For Engine Fuel: FUEL CORRECTION (in all bands)
Natural Gas Onlyw» - 3dB
Liguid Fuel only 0 dB
Gas and/or Liquid Fuel 0 dB

* This table 1s generally applicable for determining nolse control designs
of the caming nolse of all engines, even though the actual FWL values
Would not hold for some Iarge engines with unducted turbochargers or

unmuffled Roots blowers openlng directly into the roaom.
#441th or without a small amount of "pllot oil",

3-18
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TABLE 9

ESTIMATED OCTAVE BAND SOUND POWER LEVEL ( PWL) VALUES FOR
UNMUFFLED EXHAUST NOISE OF OAS AND DIESEL RECIPROCATING ENGINES
ESTIMATED PWL = "BASE PWL" (from table below)

+ TURBOCHARGER CORRECTION

‘ + EXHAUST PIPE LENGTH CORRECTION
(in dB re 10-12 watt)

T comLxuous "BASE PWL" IN OCTAVE FREQUENCY BAND
' I ENGINE 63 125 250 500 1000 2000 4000 8000
! ! HP HZ HZ  Hz Mz HZ HZ Hz HZ
| 15-23 122 128 124 116 112 106 96 88
2437 124 130 126 118 114 108 98 90
38-59 126 132 128 120 116 110 100 92
60-94 128 13% 130 122 118 112 102 ok
95-149 130 136 133 124 120 114 104 96
150-239 132 138 13 126 122 116 106 98
240-379 134 140 136 128 124 118 108 100
S 380-599 136 42 138 130 125 120 110 102
~ 600-049 138 4 140 132 128 122 112 104

950-1499 140 146 142 134 130 124 114 106
1500-2399 142 148 k4 136 132 126 116 108

2400-3800 144 150 146 138 134 128 118 110
For Alr Inteke to Englhe: TURBOCKARGER CORRECTION (in all bands)
With Turhocharger -~ 6 dB
Wlthout Turbocharger 0 dB
For Exhaust Pipe Length EXHAUST PIPE LENGTH CORRECTION
from Engine: ‘ {in all bands)
0-2 't 0 dB
3-6 It -1 dB
T=lC £t -2 dB
11-14 £t -3 dB
15=-18 rt -4 an
19-22 f't =5 dB
L rt ~L/4 aB
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TABLE 1o

ESTIMATED OCTAVE BAND SQUND POWER LEVEL (PWL) VALUES FOR
UNTREATED TURBOCHARGER NOISE AT AIR INLET OPENING OF
GAS OR DIESEL RECIPROCATING ENGINE

ESTIMATED EWL = "BASE PWLY (from table below)
4 INLET AIR DUCT LENGTH CORRECTION
(in 4B re 107? watt)

T uous "BASE PWL" IN OCTAVE FREQUENCY BAND
ENGINE 63 125 250 500 1000 2000 Hooo 8000
HP Hz  _H&  _HZ  _HZ Hz W2 HZ  HZ
15-23 90 88 88 89 92 93 92 B4
2k-37 91 89 89 90 93 94 93 85
38-59 g2 80 90 gl g4 95 94 86
6094 93 91 a1 92 95 96 95 87
95-149 94 92 92 93 96 o7 96 88 i
150-239 95 93 93 g4 97 g8 97 89 i
ko-379 96 9% 9k 95 98 99 98 90 P
380-599 97 95 g5 96 99 100 99 91
600-349 98 96 96 a7 100 101 100 a2 W
© gso-l499 99 97 97 98 101 loz  lol 93 i
1500-2399 100 98 98 99 202 103 102 94 L
2ko0-3800 101 99 99 100 103 10k 103 95
For Inlet Alr Duct INLET AIR DUCT LENGTH CORRECTION
Length to Engine: {in all bands} L
0-3 It 0 dB Ci
. hag pt -1 dB
- E 1015 ft -2 dB f
16-21 £t -3 dB '
22437 £t -4 dB
28-33 t -5 dB
Lot -L/6 dB
QI' ?J
3-20 ;
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TABLE 11

ESTIMATED OCTAVE BAND SOUND POWER LEVEL (FPWL) VALUES FOR

CASING NOISE OF UNENCLOSED* GAS TURBINE ENGINE

CONTINUOUS  puy (73 pp RE 1072 WATT) IN OCTAVE FREQUENCY BAND

RATING OF
ENGINE
KW

200-329
330-529
530-849
850-1299
1300-1999
2000-3299
3300-5000

63 125 250 500 1000 2000 4000 8oco

HZ  _HZ HZ Rz HZ HZ HZ HZ
111 113 114 114 114 114 114 114

112 114 115 115 115 115 115 115
113 115 116 116 116 116 116 116
114 116 17 117 117 117 117 117
115 117 118 118 118 118 118 118
16 118 119 119 119 119 119 119
117 119 120 120 120 120 120 120

*If the entire engine casing is provided wlth a thermal insulating
cover or an enclosing cablnet, the PWL values glven here may be

reduced by the followlng amounts (in dB for the occtave bands indicated):

Type 1.

Type 2.

Type 3.

Type 4.

Type 5.

et LR LT e e el e i el ey o ges e i

¢lass {lbver or mineral wool thermal Insulation with llght-
welght foil cover over the insulation:

2 2 3 3 3 4 5 6
(lass Piber or minersl wool thermal insulation with minimum

20 gage aluminum or 24 gage steel or 1/2 in. thick plaster
cover over the insulation:

5 5 6 6 7 B8 g 10
Enclosing metal cabinet for the entire packapged assembly,

with open ventilation holes and with no acoustic absorptilon
lining Inside the cabinet:

1 ] 2 a 2 2 3 3
Enelosing metul eabinet for the entire puackaged nssembly, with gpen
ventilation heles and with acountic absorption ining inglde -the'cabinet:

4 4 5 6 7 8 8 8
Enclosing metal cablnet for the entire packaged assembly,

with all ventilation holea ihnto the cablnet muffled and
wlth acoustlc absorptlion lining inside the cabinet:

Vi 8 9 10 11 12 13 1k
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TABLE 12 o
: A, ESTIMATED OCTAVE BAND SOUND POWER LEVEL (PNL) VALUES FOR #
: UNMUFFLED EXHAUST NOISE OF GAS TURBINE ENGINE é
i e CONTINUOUS PWL, (TN DR RE 10717 WATT) IN OCTAVE FREQUENCY BAND L
Y RATLING OF s
' ENGINE 63 125 250 500 1000 2000 4000 8000 H
- ki ___ W4 Wz _MZ N2 Wz Mz M2 _WZ_ &
- 200-329 120 122 122 121 119 117 113 107 b
330-529 122 124 124 123 121 119 115 109 o
530-849 124 126 126 125 123 121 117 11l "
850-1299 126 128 128 127 125 123 119 113 e
1360~1999 126 130 130 129 127 125 121 115
2000-3299 130 132 132 131 129 127 123 117
3300~5000 132 134 134 133 131 129 125 119
B. ESTIMATED OCTAVE BAND SOUND POWER LEVEL (PWL) VALUES FOR i
UNMUFFLED AIR INTAKE NOISE OF GAS TURBINE ENGINE 2
CONTINUOUS 12 g
b - . I'RE 2 b
RATING OF PHL (IN DB RE 10™*“ WATT) IN OCTAVE FREQUENCY BAND §
ENGINE 63 125 250 500 1000 2000 4000 8000 o
; KW Bz Mz _Hz Mz _HZ Mz Rz _Hz 5
! 200-329 102 103 103 106 112 117 117 114 R
b 330-529 105 106 106 109 115 120 120 117 ¢
g 530-849 108 109 109 112 118 123 123 120 i
{ 850-1.299 111 112 112 115 121 126 126 123 ¥
; 1300-1999 114 115 115 118 124 129 129 126 5
: 2000-3299 117 118 118 121 127 132 132 129 j
3300-5000 120 121 121 124 130 135 135 132 -
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ESTIMATED SOUND PRESSURE LEVELS (IM DB) OF ELECTRIC MOTORS
(AT 5-FT DISTANCE INDOORE) AS A FUNCTION

TABLE

13

OF POWER AND SPEED

MOTOR RATED OCTAVE BAND FREQUENCY - H2Z

RPM HP 31 83 125 250 500 1000 2000 4000 8000

Under 12 73 14 78 82 83 83 82 76 69
§ 12-24 78 79 83 87 88 88 87 81 74
g 25-49 83 84 88 92 93 93 92 86 79
& 50-99 87 88 92 96 97 97 96 90 83
2 100-200 90 91 95 99 100 100 99 93 86
~ Over 200 93 94 98 102 103 103 102 26 89
o Under 12 68 69 73 77 78 78 77 71 64
o 12-24 73 74 78 82 83 B3 82 76 69
~ 25-49 78 79 83 87 88 88 a7 81 74
= 50-99 82 83 87 91 92 92 91, 85 78
= 100-200 85 86 90 94 95 95 94 88 81

Over 200 ge 89 93 97 98 © 98 97 91 84

Under 12 64 65 69 73 74 74 73 67 60
o 12a24 69 70 74 78 79 79 78 72 65
o 25049 7% 75 79 83 B4 84 83 77 70
e 5099 78 79 83 87 88 88 87 81 74
= 100-200 Bl 82 86 50 91 91 90 84 77

Over 200 84 85 89 93 94 94 93 87 80

e A Rt g oy mm s e
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TABLE 1k
ESTIMATED SOUND PRESSURE LEVELS (IN DB} OF STEAM TURBINES (AT 3-FT DISTANCE)
AS A FUNCTION OF POWER RATING

RATED RATED
HP Kw 3 63 125 250 500 1000 2000 4000 8000

B e = A, S

5001500 333-1000 88 93 95 91 87 BT 88 85 80
1501-5000  1001~-3333 90 95 97 93 89 90 g2 89 85
5001-15000 3334-20000 92 9T 99 95 91 93 96 93 90

TABLE 15
ESTIMATED SOUND PRESSURE LEVELS (IN DB) OF OEARS AT 3-FT DISTANCE

Values apply to 125~-8000 Hz octave bands
Daduct 3 dB for 63 Hz octave band
Deduct € dB for 31 Hz octave band

POWER RATING OF GEAR IN HP

SPEED OF
SLOWER 125 250 500 1000 2000 LOOO 800G 16000
GEAR SHAPT to to to to to to to to
__BPM 249 499 999 1999 3999 7999 15999 32000
125-2k9 94 95 96 97 98 99 100 101
2504499 95 96 o7 98 99 100 101 lo2
500-999 96 97 98 99 10 10} 102 103
10001999 971 98 99 100 101 102 103 204 b
20003999 98 99 100 101 102 103 104 105 ‘e
Looo-1999 99 100 101 102 103 10k 105 106 o
800016000 100 101 102 103 10k 105 106 107 e
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TABLE 16

EXTIMATED MAXIMUM SOUND PRESSURE LEVELS OF A
TRANSFORMER AT 3-FT' DISTANCE

First, obtain or estimate the NEMA Sound Level Rating for the Transformer.
{Thia is an average of several A-scale readings taoken at certain specified
positions at a 1-ft distance from the transformer surfaces or at a G=ft
distance from the forced-air ventilated surfaces.)

OCTAVE Add the following values to the NEMA
FREQUENCY Sound Level Rating. The resulting
BAND values are gound pressure levels in 4B
(Hz) re 0.0002 microbar
31 0
63 b
125 10
250 17
500 1h
1000 9
2000 4
Looo wl
8oco ~6
TABLE 17

ESTIMATED SOUND PRESSURE LEVELS (IN DB) AT 3~FT DISTANCE
DUE TO RECIPROCATING AND CENTRIFUGAL AIR COMPRESSORS

AIR COMPRESSOR

POVER RANGE OCTAVE EAND CENTER FREQUENCY - HZ
{Hp) 31 63 125 250 500 1000 2000 kooo  Booo
1-2 85 83 83 83 86 B9 89 89 8l
3-9 90 86 86 86 89 92 92 92 87
10-100 95 B89 8 8 92 95 95 95 90
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TABLE 18
RULES FOR ADDING SPL OR PWL CONTRIBUTIONS BY "DB ADDITION"

For adding any two decidbel levels together-

When two decibel Add the following amount
values differ by: to the higher value:
O ar 1l 4R 348
2 or 3dp 2 4B
L to84aB 14B
9 4B or more 0 dB
If there are several levels of the same value, add as follown:
No. of equal Add No. of equal Add
lavels levels
2 3d8 6=T B ap
3 5 aB 8 9 dB
4 6 4B 9-10 10 4B
5 T aB N 10 log N 4B

The individual componenta can be added in any order., The total,
uoing this proeedure, will give an anawer correct to within 1 4B,

When combining the frequency contributiona of different scurces,
add only noise levels from the same octave frequency band.
TABLE 19

“AREA FACTOR" ("AF") FOR USE IN DETERMINING THE PWL
OF AN AREA "A" THAT 'PRANSMITS SOUND LEVEL SPL

PHL (in 4B re 10™22y) = SPL + (20 log A - 10)
= SPL + "AF"

AREA "A“ "AF“ m “A" "AF" AREA "A" “AF"
(8q £t) {dn) (sq £1) (ap) (g £t) {aB)
1.0 "10 6.3 -2 1#0 6
1.25 -G 8 -1 50 1T
1.6 -8 10 o 63 8
2.0 -1 12.5 1 80 9
2.5 -6 16 2 100 10
3,2 -5 20 3 125 11
4,0 =l 25 L 160 12
5.0 -3 32 5 200 13
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CHAPTER 4

CONTROL OF AIREORNE NOISE
OF MECHANICAL, AND ELECTRICAL EQUIPHENT

The objective of this chapter is to provide assistance in the acoustic design
of the Mechanical Equipment Room (MER), so that the airborne noise that es-
capea from that room 1s not disturbing to occupants of the rooms above, below
and beside the MER nor to neighbors outside the building. In effect, it is
necessary to know (1) the noise levels made by the equipment inside the MER,
(2) the desired noise levels for the areas immediately adjoining the MER,

and (3) the noise reduction that can be provided between the noisy MER and
the quieter adjoining rooms by such structures as walls, floors, ceilings,
doors, corridors and other acoustic trecatments.

1, SOUND DISTRIBUTION TN A ROOM

a, SPL Variation with Distance, It is generally true that the sound
pressure level {SPL) drops off as one moves away from the sound source, In
an outdoor "free-field" situation (no reflecting surfaces except the ground),
the SPL drops off at the rate of & dB for each doubling of distance from the
acoustic center of the source (there are qualifications to this generalization
that can be ignored for the present). In an indoor situation, all the en«
closing surfaces of a room confine the sound waves so that they cannot continue
spreading out indefinitely and become dissipated with distance, Instead, as
the sound waves bounce around within the room, a certain amount of energy is
ahsorbed at each reflection but, in general, there is a build-up of sound
level because the sound energy is "trapped" inside the room and cannot es&cape
(somewhat figuratively speaking)., In a highly reverberant room, with walls
that are hard, rigid and completely impervious, very little sound energy is
absorbed at each reflection so the sound bounces arocund a long time before it
ultimately is gbsorbed. In this type of room, the room becomes almost
Ygaturated" with sound; and as one moves away from the sound source, the sound
level drops off very slowly with distance {possibly only % to 1 dB per doubling
of distance for some relatively small, but very reverberant rooms). In a
highly absorptive room, however, a considerable amount of energy is absorbed
at each reflection as the sound waves bounce around the room. There is less
build~up of sound within the room; and as one moves away from the sound source,
the sound level drops off more rapidly (possibly 2 to & dB per doubling of
distance). Note that the walls would have to be 100% absorptive in order to
have no reflected sound at all, This would then simulate the outdoor free-
field condition, that requires no reflecting surfaces, and the sound level
drop-off with distance would become the theoretical maximum of 6 dB per
doubling of distance,

Thus, in a qualitative sense, it is seen that the reduction of sound pressure
level indoors, as one moves across the room away from the sound source, is
dependent on the degree of sbsorption and, of course, on the distance that

one moves. The amount of absorption also involves surface areas of the room.
All of this is expressed quantitatively by the curves of Figure 1 at the end of
this chapter. As an example of the use of Figure 1, suppose a room has an
amount of sound absorption that produces a "Room Constant, R" wvalue of

1000 sq ft. At a distance of 2% ft from the acoustic center of a non-directional
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sound source, the YRELATIVE SPL', as read off the left-hand side of the graph
for the Ral000 curve, 1s -7% dB. at a 5-ft distance, the REL SPL bhecomes

-11 dB, indicating a reduction of 3% dB as one doubles the distance in going
from 2% to 5-ft distance. Continuing, at a 10-ft distance, the REL SPFL becomes
-13 dB, indicating a reduction of 2 dB as one doubles the ‘distance from 5 ft

to 10 ft, Then, at a 20-ft distance, the REL SPL becomes -14 dB, indicating

a reductien of only 1 dB as one doubles the distance from 10 ft to 20 fr. The
other curves for other values of Room Constant (related to room absorption)
give other variations of SPL with distance away from the source. Only if a
room has an Infinite Room Constant (perfect sound absorption at all the side
wall and ceiling surfaces), would the sound pressure level drop off indefinitely
at the outdoor rate of 6 dB per doubling of distance,

It is seen that Figure 1 offers a means of estimating the amount of noise level
reduction for a piece of machanical equipment in a rorm as one moves from the
3~ft distance (used as the SFL reference distance in many of the data summaries
of Chapter 3} to any other distance in the room, provided one knows the Room
Constant of that room. Obviously, the next step 18 to calculate or estimate
the value of the Room Constant.

b. Room Constant., A suitable acoustics textbook will give detalls of a
fairly accurate calculation of the Room Constant for any specific room, knowing
(1) all the room dimensions, {2} the wall, floor and ceiling materials, (3) the
amount and type of acoustic absorption materials, and (4) the sound absorption
coefficlents of the acoustic materials at various specified frequencies. For
the purpose of these notes, however, such a high degree of accuracy is not con-
qidered necessary, so a simplified estimating procedure is suggested. It must
be recognized that this simplification yilelds a less accurate estimate than
does the more detalled textbook procedure, but it 1s nevertheless considered
acceptable for use here, The basic steps of the simplified procedure are
listed as follows:

1, Determine the total interlor surface area of the room,

2. Determine the total area of acoustic absorption material
to be applied to the walls and/or celling of the room.

3. FProm steps 1 and 2, determine the percentage of total
room surface covered with absorption material. '

4, From Part A of Table 1l determine the "room label"
associated with the percentage figure found in step 3
above.

5, Calculate the volume of the room, in cu. ft.

6. From Figure 2 (at the end of this chapter), using the
volume of step 5 and the "room label! of step 4, deter~
mine the approximate Room Constant (R in sq, ft) for
the room. This value applies for octave band frequencies

of 500-8000 Hz.

7. Determine the corrected values of R for 31-125 Hz as given
in Part B of Table 1, The values differ depending on the
type of acoustic treatment used, See the footnotes of
Table 1 regarding "'NRC" values normally associated with
1 in, and 2 in. thick acoustic absorption materials.

4-2
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&. Example. Assume a room 40 ft long, 30 ft wide and 15 ft high. The
total interior surface area iz 4500 sq. £t and the volume of the room is
18,000 cu. ft. Suppose 2 in, thick acoustic panels having an NRC of 0.80 are
used over the full ceiling area and in a 5-ft wide band around all four walls.
The total area of acoustic treatment is 1900 sq. ft, giving 424 area coverage.
In Table 1, 42% is seen to fall about midway between a "Medium-Dead Room' and
a "Dead Room'", In PFigure 2, for a room volume of 18,000 cu. ft and a room
label between "Medium-Dead'' and "Dead”, the value of R is found to be approxi-
mately 2000 sq, fr. This value would apply for 500-B8000 Hz. At lower fre-
quencies, the value of the corrected R would be (from Part B of Table 1):

0.2 R or 400 sq. ft at 31 Hz,
0.3 R or 600 sq, ft gt 63 Hz,
0.5 R or 1000 sq. ft at 125 Hz,
0.8 R or 1600 sq. ft at 250 H=z,

Continuing this example, suppose it is desired to find the SPL reduction in this
room while going from 3-ft to 20-ft distance from the nolse source., In
Figure 1, find the difference in REL SPL between 3 £t and 20 ft for R values of:

. 400, 600, 1000, 1600 and 2000 sq. ft,
These are as follows, in order:
3dB 4 dB 5 dB 6 dB and 7 dB.

Thus, the 3~ft SPLs for the particular pilece of equipment would be reduced by
these amounts to obtain the 20-ft SPLs for the frequency bands, in order:

31, 63, 125, 250 and 500-8000 Hz.

d. B5SPL in a Room when PWL is Known. The above uses of Table 1 and
Figures 1 and 2 assume that a 3-ft SPL is known for a given machine and it is
desired to find the SPL of that machine at any distance (greater than 3 ft)
within any room whose dimensions and acoustic absorption are known or can be
estimated. That procedure was illustrated in the paragraphs above.

In the avent that the sound power level (PWL) of some plece of equipment is
lknown (rather than the 3-ft SPL), the same procedure may be used, with one
small exception, In Figure 1, the ordinate of the graph, "Relative Sound
Pressure Level" (abbreviated to "REL SPL") is actually related to SPL and
PHL by the equation

SPL = PWL + REL SPL

for any particular Distance D and Room Constant R, In this equation, SPL is
given in the stfndard unit '"dB re 0.0002 microbar', PHL is given in the standard
unit "dB re lo~i2 watt", and REL SPL iz quoted in decibels and is the conversion
term that relates SPL to PWL, Sound power levels (PWLs) are given in Chapter 3
for some equipment, while SPLs are given for other equipment. In the above
equation, the REL SPL is read directly off the curve of Figure 1 for a
particular D and R value. Then, if the PWL is known, the SPL can be calculated.

2. Example. Suppose a hermetic centrifugal compressor is to be installed
in the acousticglly treated room described above and suppose it is desirable to
find the SPL at a distance of 20 ft from the compressor. For this example,
guppose that the compressor manufacturer submits PWL data for this unit., The
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PWL values are listed in Column 2 of the accompanying table. Lt was learned
above that the Room Constant had the values 400, 600, 1000, 1600 and 2000 sq.
ft at the various frequemcies., From Fipure 1, REL SPL values can be determined
for the particular Room Constant values at a 20-ft distance, These values are
shown in Column 3 of the table belew. Finally, slnce

SPL = PWL + REL SFL,

.the SPLs can be calculated, These are listed in Column &.

Col, 1 Col, 2 Col. 3 Col, &
Octave PWL REL SPL at 20 ft
Band (dB_re SFL (dR re
(Hz) 10712 w) (dB) 0.0002 microbar
3l 95 -10 85
63 93 12 81
125 94 .14 80
250 95 -16 79
500 99 -17 82
1000 102 -17 85
2000 108 -17 91
4000 105 -17 88
8000 9% -17 77

£, Qualifications, There are two points that should be kept in mind in
using the data of Figure 1. These are both suggested by the caption under the
abscissa of the graph: "Equivalent distance from acoustic center of a non-
directional source", Strictly speaking, very few noise sources in real life
are completely non-directional sources, but in this write-up and in many
conventional noise problems the assumption is made that the source is non-
directional, that is, that it radiates socund equally in all directions. If
the true directional characteristics are known, they may he used, but for the
present purpose this is not required., The second point regards the *'distance
from the acoustic center.! The acoustic center, as the term implies, 1is the
location that would be occupied by a "point scurce’ of equal sound power output,
The acoustic center of a noise source may be at the nearest surface of the unit
belng measured, or it may be located somewhere near the geemetric center inside
the unit, For a strictly correct use of Figure 1, the distance should be
referred to the acoustic center, but in practice the location of the center is
not always obvious., Henece, for practical purposes, it 1s suggested that
distances be related to the nearest external surface that is generally con-
sidered to be the noisiest part of the unit., This will yleld consistent and
reasonably accurate results,

BE. Simplified Table for Distance and Room Censtant, The preceding
paragraphs show the normal procedure for estimating the effect of SPL drop-off
with distance as one moves away from a nolse source in a room having an
estimated Room Constant, The material given in Figure 1 is placed in a simpler
form in Table 2 for the specific condition of estimating the SPL drop-off from
the normalized 3-ft distance given for much of the equipment in this manual.

Obviously, not all distances nor all Room Constants can be included in Table 2,
but enough values of D and R are included to cover a wide range of usage.
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Various intermediate values of D and R can be determined by interpolation within
Table 2 or by using Figure 1. It is cautioned that Table 2 must nat be used to
estimate an SPL value when the PWL of the noilse source is given.

To illustrate the use of Table 2, recall the example given earlier. In that
example a room was found to have the following Room Constant values

400, 600, 1000, 1600 and 2000 sq. £t

for the octave bands
31, 63, 125, 250 and 500-8000 Hz.

It was desired to £ind the SPL reduction in going from 3 ft out to 20 ft.

Using Figure 1 it was necessary to determine the REL SPL at 3 ft and the REL
SPL at 20 ft, then subtract one value from the other to obtain the SPL reduction
at the greater distance, In Table 2 this is simplified merely to reading the
SPL reduction for the pacilcular values of R and D luvolvaed, Again, note that
this table applies only when the "starcing distance! is the normalized 3-ft
distance, From Table 2 for a distance of 20 ft and for the Room Constants
listed, the SPL reduction is found to be

3 dB, 4 dB, 5 dB, 6 dB and 7 dB,
These values agree with thope obtajined by the longer procedure of reading
and subtracting two values cach from Figure 1, TFigure 1 still must be used,
however, when converting from PWL to an SPL at some specified distence,

h. Example: Effectiveness of Acoustic Absorption vs Distance.
Acoustic absorption in a reoom will not solve all noime problems, but it can
be very helpful for certnin predictable situations. The reader is given the
following exercise. Suppose & large mechanical room or manufacturing space
is 100 £t long, 50 £+ wide and 20 £t high. Calculate the Room Constant for
four conditions: (1) for Condition 1 there ia no acoustic absorption material
in the room; (2} for Condition 2 the entire ceiling area is coversd with a 1 in.
thick acoustic absorption ceiling panel (NRC = 0.65 to 0.T4); (3) for Condition 3
the entire ceiling ares and one-half the side wall area is covered with a 1 im.
thick acoustie panel (NRC = 0.65 to 0.74); and (4) for Condition b the entire
ceiling area is covered with & 2 in. thick acoustic panel (NRC = 0.75 to 0.85).
Agsume that the noise level at the operator position of a machine in that room
in 90 dB in all the octave bands when there is no rcom absorption; assume that
the operator position is 3 £t from the "acoustic center” of the machine when
using Figure 1. Next, determine the noiae levals that would exist in that
room at distances of 3 ft (the operator position), 10 £t and 50 ft from the
acousitic center of the machine for the four conditiona of ucoustic abseorption.
The answera are pummarized in the table on the following page.

The pimplifications used in this procedure introduce possible errcrs of 1 gr
2 dB (perhaps even 3 dB for some situations), so extreme accuracy should not
be expected. However, & few obviocus points from this example should be noted,
Mrat, in the high frequency region (where hearing protection is usually most
important), the use of acoustic absorption on the celling and side walls gives
relatively 1ittle protection to the operator who works only 3 £t from his own
machine., Also, in a completely non-absorbent room, the SFLs do not drop off
very much with distance from the machipe, With acoustic absorption present,
however, noige levels drop off noticeably as one moves away from the nolae
gource, Thus, when an operator ls exposed to the combined noise of several
machines in the room, at least some portions of that total noise can be
reduced with an applicetion of acoustic ahasorption.
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Octave Condition Condition Condition Condition
L

Freguency 1 2 3

SPLn at 3-ft distance:

3l 90 86 85 86

63 90 86 85 85

125 90 86 86 86

250 90 87 ar 87

500-8000 o0 88 88 88
8PLs at 10-ft distance:

31 89 82 8o 82

63 89 82 80 81

125 8g 81 8o 8o

250 68 81 To a0

500-8000 871 81 80 81
8PLs ot 50~ distanca:

31 89 a1 78 81

63 89 a1 78 79

125 8g 8o T7 78

250 a8 78 75 7

500-8000 85 i Th 77

2. TRANSMISSION LOSS OF WALLS

Paragraph 1 above considered the distribution of sound inside a room that con-
tains the sound source, Next it is essential te know the amount of sound that
escapes from that room {inte adjoining spaces by way of the walls of the room
containing the sound source,

a. YThe Mass Law", When a sound wave strikes the "front" surface of a
solid wall, there is enough energy in the tiny pressure oscillations in the air
to couse the whele wall to vibrate., If the wall is relatively lightweight, it
will be set into vibration more easily than 1f it is heavy-weight, In vibrating
as a whole, this wall sets into oscillation the air particles glong its “rear"
or opposite surface, These vibration air particles radiate as sound energy
into the space on this rear side of the wall. Thus, an incident sound wave
excites the front side of the wall, and the wall re-radiates the sound wave
from its rear side, (If the wall is at all porous, some sound~~ocscillating
alr particles--can actually pass through the pores of the wall.)

It is generally true that a lightweight wall will be more easily excited by an
ineident sound wave than will a heavyweight wall and therefore will “transmit"
more radiated energy to the other side, This generalization gives rise to the
effect known as ''the mass law" in acoustics, To a first approximation, "the
mass law" suggests that for each doubling of the surface weipht of the wall
there will be about 5 or 6 dB less transmitted sound. The mass law also suggests
that for each doubling of the frequency of the sound there will be about 5 or 6
dB less transmitted gound. There are some qualifications to these generalities
which will not be disgcussed hera, but the 'transmission loss" data given in the
tables reflect these effects.

h-6



N

N

b. Trapsmission Loss (TIL). The approximate "trapsmission less' or "IL!
values, expressed in dB, of a number of typical wall constructions are given

in Tables 3-13.

Table No. Construction Material
3 Solid, dense concrete or masonry
4 Hollow-core concrete or masonty
5 Stud-type partitions
6 Metal panel partition and

industrial acoustic doors

7 Glass walls or windows

8 Double-glass construction

9 Wood or plywood, including 2-in.
thicl: golid wood door

10 Plaster

11 Aluminum

12 Steel

13 Lead

The values given in these tables encompass many more materials than normally
required for stralght-forward noise control problems, but they are offered for
the benefit of the architect or engineer who might wish to consider certain
special designs or applications, They are included also to show that certain
lightweight wall materials can not adequately confine the high noise levels of
some mechanical equipment,

It is important to realize that the TL of & wall is merely the ratio, expressed
in decibels, of the sound transmitted by a wall to the alrborne sound ineident
upon the wall, Thus, the TL of a wall is a performance characteristic that is
entirely a function of the wall weight and material, and its numerical value
i3 not influenced by the acoustic enviromment on elther side of the wall or
the area of the wall.

£. Noise Reduction ("NR"), The total effectiveness of a wall or parti-
tion invelves hoth the TL of the wall and certaln other factors assoclated with
the geometry and the acoustic characteristics of the "receiving room'', that
is the room into which the noise is transmitted, These factors are reassonably
self-evident. For example, it Is probably cbvious that a wall with a relatively
small area will transmit less total noise energy than will a wall with a
relatively large area, even though each square foot of the wall has the same
1L value. Also, it is probably obvious that the sound level in the "receiving
room"” will be influenced by the amount of acoustic absorption in the receiving
room; that is, the SPL will be relatively high in a "live" receiving room
having little or no acoustic absorption whereas it will be relatively low in
a "dead" receiving room having large amounts of acoustic absorption,

Thus, when noise travels through 4 wall from one room (the Ysource room') to
an adjoining room (the Yreceiving room"), three Factors are invelved: (1) the
TL of the wall, (2) the area of the wall that i3 common to both rooms and that
is transmitting the noise, and (3) the acoustic characteristics of the re-
ceiving room that receives the transmitted noise. The term "noise reduction"
of a wall (abbreviated to "NR") is the term that includes all three of these
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factors, In the manual, the area of the common transmitting wall and the
acoustic characteristics of the receiving room are combined into a single
term, called here "the wall correction term’ and designated 'as "C" in the
equation:

NR = TL + C,
For this equation, values of TL are found in Tables 3-13 and values of C are
found in Table 14, The "noise reduction of that specific wall between Lhe
transmitting room and the receiving room is now known. The SPL in the re~
ceiving room can then be determined from

SPL -NR = SPL
source receiving

room room

since the SPL in the source room can be calculated from the procedures given
in Paragraph 1 above,.

The *wall correction term" C in table 14 depends on the ratio Sw/R,, where
Sw 18 the area in sq, ft of the common wall between the two rooms and R, is
the Room Constant of the receiving room, This Room Constant can be determined

from Table 1 and Figure 2.

d, Example: Control Room {n MER, Suppose a glass-walled Control Room
is to be located at one end of a mechanical equipment room. The MER is 80 ft

long, 40 ft wide and 20 £t high and has a 2-in. thick acoustic and thermal
insulation treatment applied directly to its entire ceiling area. Assume the
NRC (noise reduction ceoefficient) of the material is 0.75. The Control Room

1820 £t long, 12 ft wide and 8% ft high. It has an acoustic tile ceiling

supported on a sugpension syatem that provides an 18-in. ailr space above the
ceiling. Suppose this celling combination has an NRC of 0,85 according to

the Acoustical Materials Assoclation Bulletin. The 20 ft dimension of the
Control Room lies along the 40 ft width of the MER and a %¥-in, thick glass wall
is planned as the common wall extending from the floor line to an 8-ft height.
Assume that the SPL on the MER side of the glass wall to the Control Room is
as follows for the nine octave frequency bands:

&8 90 92 a3 a3 80 85 80 75 dB.
It is desired to know the SPL in the Control Room,

The volume of the MER is 80x40x20%64,000 cu, ft and the total interior surface
area 18 11,200 sq. ft. The area of the ceiling acoustic treatment is 3200 sq.
ft, which amounts to 29% of the total room area. According to Table 1A and
Figure 2, this room has a Room Censtant of approximately 3000 sq. ft at
500-8000 Hz. According to Table 1B, the Room Conatant at lower frequency is

600 sq. ft at 31 Hz
900 sq. fr at 63 Hz
1500 aq. £t at 125 Ha
2400 sq. ft at 250 Hz.

The area of the glass wall (Sw) separating the two rooms is 20x8=160 sq, ft.
From Table 14, valuas of C can be determined for the various ratios of Sw/Rz.
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These are summarized in Table A immediately below.

TABLE A

Octave Common Receiving Ratio ¢ from

Band Wall Area Room Constant Sw/Ry Table 14
(Hz) Sw R (dB)
3l 160 50 3.2 -5
63 160 75 2,1 -4
125 150 125 1.3 -2
250 160 200 .80 0
500~80G0 160 250 .54 +1

L]

The TL of % in, thick glass can be found in Table 7, and the NR for this glass
wall can then be determined from the relationship

NR = TL -+ C,
This is summarized in Table B immediately below.

TABLE B
Octave 1L C NR
Band % in. glass
(i) _m (an) n),
31 5 -5 0
63 11 -4 7
125 17 -2 15
250 23 0 23
500 25 1 26
1000 26 1 27
2000 27 1 28
4000 28 1 29
B0OO 30 1 31

Now, knowing the SPL on the MER side of the glass wall and the NR of the glass
wall, the SPL inside the Control Room can be estimated from
SPLreceiving = Lypyrce - MR
room room

This is shown in Table G below.




TABLE C

Octave SPL NR of SPL in ‘ ‘
Band in Glass Control P
(Hz) MER Wall Room =
31 88 0 88 h
63 20 7 83
125 92 15 77
250 93 23 70
500 93 26 67 PSIL
1000 20 27 63 = 62 dB
2000 R5 o 28 57
4000 -80 29 51
8000 75 k) 44

This Control Room will have a "speech interference level" of approximately

62 dB, and according to Table 3 of Chapter 2, this would permit reliable speech
communication with a normal volce at 2-ft distance, a raised voice at 4-ft

distance, or a very loud voice at an §-ft distance. There would be no hearing

damage preblem, as may be seen by comparing the Control Room SFLs with Table 7

in Chapter 2, If there were no glass~-wall enclosure for the Control Room, the

noise levels: would reach 85 to 93 dB in the upper frequency bands and these

could be a cause for concern for occupants stationed in the area, e

It is of interest to note at this point the acoustic value of the 2-im thick i
acoustic and thermal insularion material placed in the ceiling of the MER, For
a brief comparison, suppose that no acoustic absorption were used in the MER, :
Recall that the wolume of the MER in this example 1s 64,000 en. ft and that the s
total interior surface area is 11,200 sq., ft. Now, assume there is no added L
acoustic absorption, From Table 1A and Figure 2, the MER is now found to have e
a Room Constant of approximately 500 sq. £t at 500-8000 Hz, At the lower fre-
quencies, according to Table 1B,
0.2 R = 100 sq. ft at 31 Hz i
| 0.2 R = 100 sq. ft at 63 Hz
0.3 R = 150 sq, ft at 125 Hz o
0.5 R = 250 sq. ft at 250 Ha ;

In Figure 1, assuming a distance of 30 ft, it is seen that for 63 Hz (where the
Room Constant changes from 100 sq. £t to 900 sq. £t with the addition of
celling absorption), the REL SPL drops from -4 dB to -14 dB, or a reduction of
10. dB. For 500-8000 Hz, the Room Constant changes from 500 to 3000 sq. ft

for a REL SPL change from -11 dB to -19 dB for a reduction of 8 dB. At shorter
distances, the reduction would not be as large, due te the use of acoustic
absorption,

Other examples can be worked out using specific noise sources from Chapter 3,
specific distances across the room and specific wall designs to separate the
noisy and quiet areas. @

h-10

forgars



f—

N,

e, Doors and Windows. It is fairly obvious that a poorly~fitting light-
welght door or a large lightweight window might constitute a weak link in an
otherwise acousticelly good wall. When a wall must serve an important acoustic
need, then the door or window must be carefully selected to be compatible with
the total need of the wall.

Because the area of a door or window 1s usually quite a small part of the
total area of a wall, the TL of the door or window can be lower than that of
the wall by certain specified amounts without seriously jeopardizing the
acoustic effectiveness of the wall. In Table 15, the reduction in TL of a wall
is given for a range of areas of doors and windows and for a relative TL of
the door or window compared to that of the wall, As an example, suppose that
a wall has a TL of 40 dB at a particular frequency and that a door has a TL of
20 dB at the same Frequency, Suppose the door area is 5% of the total wall
area, In Table 15, it is found for this combination of conditions that the
wall TL would be reduced by 8 dB by this door. Thus, the composite wall-door
combination would have an effective TL of 40-8=32 dB,

To minimize the loss of effectiveness of a wall, the door or window should be
of the smallest possible area and of the largest possible TL. Doors should be
gasketed and provided with a drop strip in order to minimize air leakage paths,
and windows should be sealed closed., For massive single walls or for special
double walls, double doors or windows should be used and large air spaces
should be provided between the doors and windows., The approximate TL of a
2~in, solid wood door, gasketed around all edges, is given in Table 9 (see
Footnote 2), and the approximate TL of a 4-in. thick and a 6-1in, thick in-
dustrial type "acoustic door'' i1s given in Table 6. The approximate TLs of
single thicknesses of glass are given in Table 7 and the TLs of a few double
glass combinations are given in Table 8.

In many eituations, the structural requirements will exceed the acocustical
requirements, in which case the door or window can have a TL much lower than
that of the wall., A few peneralizations are listed below that should aid in
the selection of a door or window that will be somewhat acoustically compatible
with the wall, even though the door or window TL may not meet the values
suggested above as a function of thelr area relative to the total wall area:

(1) Where the acoustic design requires a minimum, simple, single wall con~-
struction, such as conventional stud partitions, movable metal
partitions or 4-in, or 6-in. hollow-core concrete block, use ungasketed
hollow=-core wood doors or ungasketed metal panel doors and minimum
%~in, thick glass windows.

{2) Where the acoustic design requires somewhat more than minimum wall
construction (such as staggered stud construction, &4-in, or 6-in. solid
core concrete or masonry, or gcoustically filled metal panel partitions),
use gasketed solid-core wood doors, or minimum 1-3/4 in, hollow metal
doors packed with dense mineral or glass fiber, or special 1-«3/4 in. to
2~1in, thick acoustic doors with gasketing, and use windows of minimum
area made up of double panes of at least 1/4-in. thick glass with at
least 2-in. alr space, or windows of larger but limited area made up of
double panes of at least l/4~in. thick glass with 4~in. to 6-in. alr space,
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(3) Where stringent acoustic requirements must be met, adhere to the door
or window TL requirements given above as a function of percent area of
the total wall, Use speclal acoustic deors or provide "sound locks"
with gasketed double doors, as in Item (2) immediately above, such that o
doors are spaced at least 5 to 6 ft apart in an acoustically lined
vestibule or corridor. Use double glass windows with maximum possible
alr space and glass thickness and minimum practical area, For slight
improvement, the panes may be tilted relative to ome another and the
interior surfaces of the window framing can be given an acoustic lining.

(4) Where doors are obvious leakage paths for unwanted nolse, locate them in P
positions that will provide minimum disturbance or maximum distance from i
the important work area of the roem, and provide acoustic absorption in -

the room.

Table 15 can alsc be used to determine the effective TL of a wall made up of b
two different porticns, where the two portions have different TLs, such as in
a 10-in. thick poured solid concrete wall having a knock-out panel of 6-in.
thick concrete block.

£. Double Walls., Lf MERs are bordered by work spaces where a moderate b
amount of nofse is acceptable (such as areas of Categories 5 and 6 and possibly i
in some cases Category 4), the equipment noise can be adequately contained by
heavy concrete walls of single thickness. Double walls of conerete can be used
to achieve even greater values of TL, For example, two B-in. thick solid-core i
econcrete block walls separated with an 8-in. air space and structurally not .
connected together at any point (based on separate footings) would have TL
values about 5 dB higher in the low frequency region, 10 dB higher in the middle
frequency region and 15 dB higher in the high frequency region than a single @
12«in, thick solid-core concrete block wall. Various intentional and unin- .
tentional structural connections between double walls have highly varying i
effects on the TL of double walls, however, For this reason, TL data are not 3
quoted for double walls. In practice, double walls will give a worthwhile im-
provement over single walls if one of the double walls can be placed on
separate footings (for an on-grade location) or on a l-in. or 2-in. thick layer
of conatruction cork (for upper floor locations), and if the two walls can have
a minimum of structural ties, The improvement will be greatest at high fre-
quency. The air space between the walls should be as large as possible to
enhance the low frequency improvement., An cbvious extension of the double wall
is o wide corridor, with an acoustically treated ceiling. This is recommended
a8 a separator between a nolsy MER and a Category 2-4 area and possibly a
Category 1 area, For close locations of acoustically critical areas to nolsy
MERs, it is essential that adequate vibration isolation be inceorporated im all
the machinery and piping. If a Category 1 area (NC-20 to NC-25) is to located
very near a noisy MER, it would be advisable to have an acoustical engineer
check the details of the designs,

It is sometimes possible to enhance the TL of a simple concrete block wall or

a studetype partition by resiliently attaching to that wall or partition addi-

tional layers of plaster skin, possibly mounted on spring clips that are

installed off l-in. or 2-in. thick furring strips, with the resulting air

space f£illed with acoustic absorption material. These constructions become

rather scphisticated and a bit expensive, but they can provide an improvement in

TL of 5-10 dB in the middle frequency region and 10-153 dB in the high frequency w
region, when properly executed,
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3. TRANSMISSION LOSS OF FLOOR-CEILING COMBINATIONS

Many mechanical equipment areas are located immediately above or below occupied
floors of bulldings, Airborne ncise and structure-borne vibration radiated as
noise may intrude into these occupied floors if adequate controls are not in-
cluded in the building design. The approximate "TL! and "NR" are given in

this part of the manual for five floor-ceiling combinations frequently used to
control airborne machinery noise to spaces above and below the MER,

None of the data apply for equipment installations mounted in framed wood
flooring or on typilcal lightweight metal deck with 2-3 in. thick concrete sur-
face, These floor constructions are not stiff enough or massive enough to
provide geod airborne noise control or to support heavy machinery or to give an
adequate base for a vibration isoclation mounting system.

The five floor-ceiling combinations are discussed in the tollewing paragraphs.
41l floor slabs are assumed to be of dense concrete (140-150 lb/ecu. ft density)
or of such extra thickness of less demse concrete to give the equivalent surface
weight of the specified dense concrete.

a, Typel Floor-Ceiling. This combination is made up of a concrete floor
8lab with geoustic tiles or panels cemented directly to the underside of the
slab, It is important to realize that the acoustic tiles add nothing to the
transmission loss of the floor slab, The acoustic tiles only provide acoustic
absorption In the room in which they are located and hence provide a degree of
noise reduction in the room. The estimated TL of a Type 1 floor-ceiling is
given in Table 16 for a few typical floor slab thicknesses.

b. Iype 2 Floor-Ceiling, This floor-ceiling combination consists of a
concrete floor slab below which Is suspended a typical low density acoustic
tile ceiling in a mechanical support system, To qualify for the Type 2 combi~-
nation the acoustic tile should be not less than 3/4 in. thick, and it should
have a Noise Reduction Coefficient ('NRC") of at least 0.65 (when mounted as
specified by the Acoustical Materials Association). The air space between the
suspended ceiling and the concrete slab above should be at least 15 in., but
the IL improves if the air space is larger than this. The estimated TL of a
Type 2 floor-ceiling is given in Table 17 for a few typical dimensions of
concrete floor slab thickness and air space.

&. Iype 3 Floor-Ceiling. This Eloor-ceiling combination is very similar
to the Type 2 combination, except that the acoustic tile material is of the
“high TL' variety. This means that the material is of high density and usually
has a foil backing to decrease the porosity of the bhack surface of the material.
(Ask the acoustic tile representative to identify his Yhigh TL" material.)

An alternate version of the Type 3 combination includes the suspended ceiling
system that consists of a lightweight metal panel sandwich construction con-
slsting of a perforated panel on the lower surface and a solid panel on the
upper surface, with acoustic absorption material in between., The minimum "NRCY
for the Type 3 acoustic material must be 0.65. The estimated TL of a Type 3
floor-ceiling is given in Table 18 for a few typical dimensions of concrete
floor slab thickness and air space.
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d. TIype 4 Floor-Ceiling. The Type 4 floor-ceiling combipnation consists
of a concrete floor slab, an alr space, and a resiliently supported plaster
celling. This combination is for use in eritical situations where a high TL
is required., The plaster ceiling should have at least 1 in. thickness of high
density plaster (minimum 12 lb/sq. ft surface weight) and the alr space should
be at least 18 in. thick. The ceiling should be supported on resilient celling
hangers that provide at least 1/10 in. static deflection under load. Neoprene-
in-shear or compressed glass fiber hangers can be used, or steel springs can
be used if they include a pad or disc of neoprene or glass fiber in the mount,.
A thick felt pad hanger arrangement can be used if it meets the static deflection
requirement, The hanger system must not have metal-to-metal short-cireult paths
arocund the isolation material of the hanger.

Where the plaster ceiling meets the vertical wall surface, the perimeter edge

of the ceiling must not make rigid contact with the wall member. A 1/4-in.

open joint should be provided at this edge, which is filled with a non-hardening
caulking or mastic or fibrous packing after the ceiling plaster is set.

The estimated TL of a Type 4 floor-ceiling combination is given in Table 19 for
a few typlecal dimensions of floor slab, ailr space and ceiling thicknesses, It

is cautioned that this combination is for use in critical situvations, and special
care must be exercised to produce a good, resiliemtly supported, non~porous,
dense ceiling., Acoustic tile can be added to the underside of the plaster
celling but it will not change the transmission loss of the combination; it

will only add to the acoustic absorption of the room.

&. Iype 5 Floor-Ceilinpg. The Type 5 floor-ceiling combination is the
same as the Type & combination, except that a 'floating concrete floor" is
mounted on top of the structural floor slab, The floating concrete floor should
not support any large operating equipment. It should extend over that part of
the mechanical room floor area within 20 ft of, but not under, any vibration
isolated concrete inertia bases carrying specific pieces of operating machinery.
The floating concrete floor should be supported off the structure floor at a
height of at least 2 in. with the use of properly spaced blocks of compressed
glass fiber or multiple~layers of ribbed or waffle-pattern neoprene pads or
steel springs (in series with two layers of ribbed or waffle-pattern neoprene
pads) . The density and loading of the compressed glass fiber or neoprene pads
should follow the manufacturers' recommendations, If steel springs are used,
their static deflection should nct be less than 1/4 in, The 2-in. space between
the floating slab and the struccure slab should be coverad with a l-in. thieck-
ness of low~cost glass fiber or mineral wool blanket of 3 to 4 lh/cu, ft
density. Around all the perimeter edges of the floating floor (areund the
walls and around all conerete inertia bases within the floating floor area)
there should be 1-in. gaps that are later packed with mastic or fibrous
filling and then sealed with a waterproof non-hardening caulking or sealing
material, If a curb is provided around the perimeter of the floated slab to
help discourage water leakage into the sealed perimeter joints, several floor
drains should be set in the structure slab under the floating slab te provide
run-off of any water leakage inte this cavity space.
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As with the Type 4 combination, the Type 5 combination includes a resiliently
supported plaster ceiling under the structure slab. The estimated TL of a
Type 5 floor-ceiling combination is given in Table 20 for a few typical di-
mensions of floating floor slab in combination with the Type 4 structures of
Tahle 19, It is to be noted that the floating slab is intended to improve the
alrborne TL of a floor; it 1s not suggested here as a vibration isolation
mounting base for large equipment, although it will provide certain benefits
to some structure-borne noise of pipe supports, duct supports, drainage lines,
electrical condult and the like,

As a general rule, to be reinforced later in the section under wvibration
isolation, the MER structural fleoor slab for an upper floor in a mulei-floor
building should not be less than 6 in. thiek for completely rotary-action equip-
ment, nor less than 8 in. thick for reciprocating-action equipment. These
suggestions are based on acoustic considerations only and are not intended to
represent structural requirements of the building. Even thicker floor slabs
will be more beneficial acoustically. Where possible, large equipment should
be located over principal or secondary beams in the flooring layout,

In the upper frequency bands of Tables 16-20, extremely high TL wvalues (say,
anything above 60 or 65 dB) are indicated as possible, In practice, these
values cannot be achieved without making a real concentrated effort to stop all
escape paths of airborne and structure-borne noise.

£. HNoise Reduction of Floor-Ceiling Combinations, Paragraph 2.c, dis-

cussed the conversion of transmission loss of a wall into the noise reduction
of a wall by uge of the "wall correction term", designated by the letter 'C" ip
Table 14, The same type of correction must be applied to convert the TL of a
floor-ceiling .combination to its NR value, This applies, of course, to the
situation in which the MER is immediately sbove or below an adjoining area of
concern, TFor identification purposes, the term is called "floor correction
term'! here, but it is represented by the same letter "C" and it is also obtained
from Table 14, based on (1) Room Constant, and (2) common floor-ceiling area of
the receiving room. The value of '"C" will differ, of course, from roem to room,
so it must be redetermined for each room of interest above, below or beside a
machine room,

In the equipment noise summary tables, SPLs are given at 3-ft distances from
the equipment. These values should be used as the source room SPLs in the
relationship

SPLsource -~ MR = SPLreceiver

room room

when estimating noise levels in areas on the floor immediately below the equip-
ment, However, it should be cautioned that the 3~ft 5PLs are Fairly localized
values and they drop off with distance from the unit., Thus, the SPLs cal-
culated for the receiving room below would apply immediately beneath the
equipment and would drop off with distance away from that location, In fact,
it can be expected that the 8PLs below will be generally somewhat lower than
the calculations would indicate, depending on receiving room size, the value

of 5w used in the caleulation and possibly the floor area occupied by the
equipment in the MER,
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4. SOUND DISTRIBUTION OQUT-OF~DOORS

a, Effect of Distance, As a general rule, sound from an essentially eﬁ%
localized source spreads out as it travels away from the source, and the sound
pressure level (SPL) due to that source decreases at the rate of 6 dB per
doubling of distance (referred to as Mthe inverse square law'), This effect is
due to spreading only, and this is an effect common to all types of energy
propagation originating from an essentially peint source and free of any special
focussing or beam-controlling devices, In addition, the air absorbs a certain
amount of sound energy due to "moleculasr sbsorption’. For short distances
(less than o few hundred feet) this energy absorption can be ipgnored, but for
sound propagation over a reasonably large distance it should be considered,
Further, the "molecular absorption'' effect is greater at high frequencies than
it is at low frequencies.

If a noilse source i{s placed out~of-doors (with no nearby reflecting surfaces
or ohjects except the ground) and if it is assumed to be an Yomni-directional® 4
or '"non-directional® source (i.e,, it radiates equally in all directions), the
! SPL at a distance "D' is given by: b
) 5
' SPL = PWL - 10 log (27D?) + 10 dB. b

This relation merely states that a given PWL, expressed in dB re 10-12 watts,
will produce a given value of SPL over an entlire hemispherical surface of
radius D" surrounding that source, where '"D" is expressed in feet and SPL is :
expressed in the standard form of '"dB re 0,0002 microbar."” For short distances L
the effect of absorption can be ignored, The quantity ﬁo log (2ND2) - 10 dB
is called a "Distance Term" in Table 21 such that

SPL = PWL - DISTANCE TERM @
and dB values for the Distance Term are given for values of D out to 100 ft.

Since "molecular absorption" is negligible at short distances, the values given
in Table 21 apply to all octave bands. i

For distances beyond 100 f£t, molecular absorption becomes effective at the
higher frequencies, and the Distance Term should be obtained from Table 22.

b. ELEffect of Atmospherics. Precipitation, wind, wind gradients (with .
altitude), temperature, temperature gradients (with altitude), and relative y
humidity are possible atmospheric factors in sound transmissionm.

Rain, mist, fog, hail, sleet and snow are the various forms of precipitation to
conslder. These have not been studied extensively in their natural state so

: there are no representative values of excess attenuation to be assigned to them,
i Rain, hail and sleet may change the background noise levels, and a thick blanket
of snow provides an abzorbent ground cover for sound traveling at grazing inci-
dence near the ground. In practice, of course, precipitation or a blanket of
snow are intermittent, temporary and of welatively short total duration, and ;
they could not he counted on for steady-state sound control, even Lf they should

offer noticeable attenuation,

A steady, smooth flow of wind, egual at all altitudes, would have no noticeahle
effect on sound transmission., In practice, however, wind speeds are slightly
higher above the ground than at the ground, and the resulting wind speed 0
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gradients tend to "bend"” sound waves over large distances. Sound traveling with
the wind is bent down to earth, while sound traveling against the wind is bent
upwards above the ground, There is little or no increase in sound levels due to
the sound waves being bent down; in fact, there is additional loss at the higher
frequencies and at the greater distances. There can be some reduction of sound
levels at relatively long distances (beyond a few hundred yards) when the sound
waves are bent upward, for sound traveling against the wind.

Irregular, turbulent or gusty wind provides fluctuations im sound transmission
over large distances. The net effect of these fluctuations may be an average
reduction of a few decibels per 100 yards for gusty wind with speeds of 15 to
30 mph. However, gusty wind or wind direction cannot be counted on for noilse
control over the lifetime of an installation.

Constant temperature with altitnde prnduces no effect on sScund transmission,
but temperature gradients can produce bending in much the same way as wind
gradients do. Alr temperature above the ground is normally cooler than at the
ground, and the denser air above tends to bend sound waves upward. With
"temperature inversions” the warm air above the surface bends the scund waves
down to earth, These effects are negliglble at short distances but they may
amount to several dB at very large distances (say, over a half-mile). Again,
there is little or no increase, but there may be a decrease in sound levels,
Thus, temperature gradients cannot be relied on as a nolse control aid,

Very low velative humidity (10 to 20%) increases the effect of "molecular ab-
sorption' of sound energy. These low values of relative humidity are seldom
found in most inhabited areas. Average values of relative humidity found in
most populated areas are used in arriving at the data given in Table 22,

In summary, there are atmospheric effects which would seldom increase but could
decrease sound levels at large distances from a source, These decreases are
usually of an intermittend, short-time duratien and they are ususlly beneficial
to the receiver {in giving temporary noise reduction) when they occur, but it
is best not to rely on them fer long-time benefits in terms of noise control
design.

c. Attenuation Provided by Barriers. 4 wall, a building, a large mound
of earth, a hill or some other type of seolid structure, if large enough, can
serve as a partial 'barriex” to sound and can provide a moderate amount of
sound reduction for a receiver located within the U"shadow! provided by the
barrier,

Table 23 gives a sketch of a barrier and the excess attenuation that might be
expected from the barrier as a function of certain dimensions. This attenuation
is in addition to the distance effect that might be obtained from Tables 21 or 22,
For a barrier to be effective, its lateral width should extend beyond the line-
of~sight between the source and receiver by at least as much as the height of

the barrier extends above the line-of-sight. 4Also there must be no nearby

large reflecting surfaces that can reflect sound around the barrier into the
shadow zone, The distance D in the sketch of Table 23 must be very large com-
pared to the distance R and the height H. The attenuation values given in

417



Table 23 will apply equally for the two conditions:

(1) Sound source at Point A and recelver at Point B, or 0 iy
(2) Sound source at Point B and recelver at Folnt A. o

The barrier loses effectiveness at very large distances because sound that passes
over the top of the barrier may be bent back down to the ground by wind and
temperature gradients. If D {s greater than 1 mile, the attenvation values used
should be only about one-half the values given in Table 23.

If a barrier wall is to be built or used as a noise control device, the TL of
the wall (or building) should exceed by at least 10 dB in all frequency bands
the excess attenuation to be expected from the wall.

If che barrier is a large "thick" building, the distance R should be taken Erom
Point A to the near wall of the buillding and the height H should be the height
of the building at that near wall, There should be no large openings entirely
through the building that would destroy the effectiveness of the building as a
barrier, A few small open windows in the near and far walls would probably be
acceptable, provided the interior rooms are large.

Caution: Note that a large reflecting surface, such as the barrier wall, may
refleet more sound in the opposite direction than there would have been with no
wall at all present, If there is no special focussing effect, the wall may
produce at most only about 2 or 3 dB higher levels in the direction of the

reflected sound.

d, Attenuation Provided by Trees. Heavy dense growths of woods provide
a small amount of sound attenuation. To be effective both winter and summer, 9
there should be a reasonable mixture of both deciduocus and evergreen trees, :
Also the greund cover should be sufficiently dense that sound cannot pass under i
the absorbent upper portion of the trees. For dense woods of several hundred

feet depth, the sound may pass over the tops of the trees, in which case the

attenuation through the trees should never be considered greater than the excess

attenuation over the trees, as determined from the application of Table 23,

Table 24 gives the approximate excess attenuation of sound through dense woods,
where dense woods are taken as having an average ‘'visibility penetration' of
about 70 to 100 ft. Occasional trees and hedges givé no significant attenu-
ation, ‘'Wisibility penetration' is the average maximum distance in the woods
at which some small portions of a large (3-ft square) white eloth can still be

seen,

e, Noise Reduction of a House or Building, Outdoor noise normally suffers
some neoise reduction when it passes indoors into a house or building, even
when the bullding has open windows, The amount of noise reduction (NR) variles
with the building construction, orientation, wall area, window area, open b
window area, etc., Some estimated NR values for building constructions were P
given in Table & of Chapter 2.

5. MUFFLERS
Without going into the details of design, construction, use and limitations of
mufflers, some representative muffler data are given in Tables 25-28, ”
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Table 25 lists the approximate noise reduction values claimed by several manu-

facturers for theilr various lines of reactive mufflera for uwse with reciprocating

engine exhausts,

Table 26 lists the noise reduction (or "insertion loss") for several typical
commercial duct mufflers, as used in air-conditioning duct systems and for
other nolse control applications.

Table 27 lists the approximate noise reduction of parallel baffles of various
dimensions made up from #4=in, thick absorbent baffles.

Table 28 gives approximate noise reduction values for 8-ft lengths of varicus
combinations of thiclk parallel baffles.

It is cautioned that muffler design and construction is a specialized field,
These data are offered so that an architect and engineer may have some feeling
for the amount of muffling required to meet certain kinds of problems; it is
not expected that the architect or engineer would design his own mufflers for
specific problems,

Table 2% gives the approximate attenuation of unlined and lined ducts for use
with inlet and cutlat ducts of various engines, 1f ASHRAE Guide duct data are
not avallable, Please note and observe the comments gilven with the table,

Table 30 gives the approximate attenuation provided by lined and unlined duct
turns for use with inlet and outlet ducts of various engines, if ASHRAE Guide
data are not available, Please notec and observe the comments given with the
table,

6. DATA FORMS

In the Appendix at the end of these notes, a group of blank Data Forms is given.

Each Data Form is designed to simplify the calculations involved In aach
particular type of analysis. The Data Forms may be duplicated for later uses
on other problems.
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RELATIVE SOUND PRESSURE LEVEL {dB)
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FIG.1 APPROXIMATE RELATIONSHIP BETWEEN "RELATIVE SQUND
PRESSURE LEVEL" AND DISTANCE TO A NOISE SOURCE,
FOR VARIOUS ROOM CONSTANT VALUES
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TABLE 1
ACOUSTIC TREATMENT DETAILS FOR USE WITH
FIGURES 1 AND 2 IN ESTIMATING ROOM CONSTANT

S PART A, SURPACE COVERAGE OF ACOUSTIC MATERIAL

- Percentage of Totel Room Room Labal it
Surface Area Covered on Figure 2 i
| with Absorption Material Curves ‘,
: ox "Live Room" [
o 108 "Hedium-live Hoom" i
; 15-20% "Average Room" i
' 30~35% "Medium-Dend Room" o
50-60% "Dead Room" ‘

PART B, LOW FREQUENCY CORRECTION TO "R

X Octave Corrected R to be used in Figure 1 for :
Band NRC = 0.65 = 0.7h NCR = 0.75 - 0.85 ;i
and 1f there is no
(Hz) acoustic absorption s
21 0.2 R 0.2 R I
3 0.2 R 0.3 R
225 0.3 R 0.5 R @
250 0.5 R 0.8 R

Notep: 1. "NRC" is "nolse reduction coefficient” It represents the 8
average of the acoustic absorption coefficients of the materiasl .
L for the four frequency btands 250, 500, 1000 and 2000 Hz, Thin i
EEE o does not necessarily mean that noise is reduced by the amount .
of the NRC value. KRC values are published for a1l ncoustical
materials manufactured and diptributed by members of the
Acoustical and Insulating Materials Association, 205 W, Touhy "
Avenue, Park Ridge, Illinois 60068,

2, An NRC of 0.65 to 0.Th can be met by most perforated, fissured
or textured acoustie tiles or panels of 3/k-in, or l-in. thick-
nepe or by most perforated panels containing at least 1 in.
thick layers of glass fiber or mineral wool.

3. An NRC of 0,75 — 0,85 can be met by most 2-in. thick layers of
ascoustic sbsorption materinl or by most 3/l-in., or l-in. thick O
dcountic materials spaced at least 2 in. awday from the wall or
10 in. awny from the celling from which they are supported.
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TABLE 2
REDUCTICN OF SPL (IN DB) IN GOING FROM NORMALIZED
3-FT DISTANCE TO A GREATER DISTANCE "D"
IN A ROOM HAVING A ROOM CONSTANT “R"

l ROOM DISTANCE “p" (IN FT) FROM EQUIFMENT

! CONSTANT
] rln"

| (nsq. f8) 5 10 15 20 30 ko 6o

100 0 1 1l 1 1 1 i

200 1 1 1 1 1 1 1

320 2 2 2 2 2 2 2

200 2 3 3 y L i b

Ta0 2 3 L 4 4 5 S

1000 2 i 5 5 6 6 6

2000 3 6 T T 8 8 8

3200 N T 8 8 9 10 11

) 5000 4 8 9 10 11 12 22

= T0Q0 i § 0 11 12 13 1k

10000 4 9 11 12 13 1% 15

20000 5 10 1} 14 16 1T 19

50000 5 10 13 16 18 =21 23

INFINITE g 11 1k 27T 20 23 26

) 423

OO T 4 = = s
WU O-IWn = oW &0 o ig




TABLE 3

APPROXTMATE TRANSMISSION LOSS (IN DB) OF DENSE POURED
CONCRETE® OR SOLID-CORE CONCRETE BLOCK OR MASONRY

OCTAVE
FREQUENCY
BARD

(B2

k)
63
225
250
560
1000
2000
Looo
8ao00

’I‘HICI{NEBE OF CONCRETE OR MASONRY (IN.)
. 8

APPROXIMATE SURFACE WEIGHT {LB/SQ FT)

29
32
3h
35
37
L2
k9
55
60

2 9
32 33
33 3k
35 36
36 38
ko b3
TS 50
53 56
58 61
63 66
TABLE L

10

12

120 b
34 35
35 36
r 38
4o L
s b7
32 54
58 59
63 64
68 69

16

192

36
37
39
43
50
56
61,
66
T0

APPROXIMATE TRANSMISSION LOSS (1IN DB) OF HOLLOW-CORE
DENSE* CONCRETE BLOCK OR MASONRY

OCTAVE
FREQUENCY
BAKD

(uz)

31
63
125
250
500
1000
2000
Looo
8000

THiCECNESE OF CONCRETE OR MASONRY (IN.)
8

10

APPROXIMATE SUIQFACE WEIGHT
4

28 3% W om
sy 26 28 30
29 30 31 32
32 33 33 3k
33 3y 35 36
3k 35 36 38
37 39 W L3
b2 46 48 50
he 52 5) 56
55 57 9 61

12

{(LB/SQ FT)
60 76

it

31
32
3L
36
39
ks
52
s8
63

1. "Dense" concrete = 140-150 1b/cu £t density

2. For applications involving "transmission loss” as an

16

32
33
35
3T
b2
;]
55
60
65

acoustic requirement, do not use "einder bloek" or
other lightweight porous block material.
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TABLE 5

APPROXIMATE TRANSMISSION LOSS (IN DB)
OF CONVENTIONAL STUD-TYPE PARTITICONS

OCTAVE STANDARD STAGGERED IMPROVEMENT
FREQUENCY WOOD_STUD,, YOOD_STUD, WITH
BAND PARTITION PARTLITION INSULATION
(H2Z)
31 10 12 1
63 15 17 1
125 20 22 2
250 26 30 3
500 34 38 i
1000 40 al 4
2000 45 47 5
4000 43 5 5
8000 45 L7 5

1, Partitions made with 2-1/2 in, to 3~1/2 in, wlde steel
studs wlll approximate the values glven here for wood-
stud construction,

2, 2x4 woed studs on 16 in. centers, nalled 5o 2xY4 wood
plates; 5/8 in; thlck gypsum board nalled on both sldes
of ituds; £111 and tape Jolnts and edges, rinish as
dasired.

3. 2x4 wood studs stoggered on 2x6 woed plates, alternate
studs supportlng separate walls of 5/8 in. thick gypsum
board; all-nalled constructlon, studs for each wall on
16 in, centers; fill and tape Jjolnts and edges, finlsh
as deslred,

4, ZInstallatlon of elther (a) 1/2 in. thick glass fiber
hoard or metal apring clips between studs and gypsum
beoard, or (b) min, 1-1/2 in. thick limply supported
lightwelght insulation in air space hetvieen partitlons
will produce improvement indlcated., For staggered
partition, use of both types of insulation will produce
twice the lmprovemeht shown in the table. Add the "im-
provement values"” to the TL of the stud partition to
which the insulation has been added,

=25
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TABLE &

APPROXIMATE TRANSMISSION LOSS (IN DB)
OF FILLED METAL PANEL PARTITION AND
TYPICAL INDUSTRIAL ACOUSTIC DOORS

OCTAVE PILLED TYPICAL ACOUSTIC DOORS®
FREQUENCY METAL
BAND PANET, 4" PHICK 6" THICK
!HZ! PARTITIO
31 19 27 33
63 22 29 35
125 26 33 37
250 N 36 39
500 36 4z ] 46
* 1000 43 47 50
2000 48 53 56
4000 50 56 61
8000 52 59 65
1. Cgonstructed of two 18 ga, steel panels filled with
3 in. thickness of 6-8 1b/cu ft glass fiber or rock
wool; Jolnta and edges sealed alr-tight,
2, Industrial type acoustlic doors typlcally constructed

of sheet steel exterlor facings, 1 in, plywood under
the sheet steel, densely packed filller of glass Tlber
or rock wool; heavy framlng and hardware; double
gasket seals all arcound door edges. "Studlio-type'"
acoustlie doors usually not as thick and heavy, wlth
more elaborate finish detalls,

L-26
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TABLE 7
APPROXIMATE TRANSMISSION LOS8 (IN DB)
L]
OF GLASS WALLS OR WINDOWS

TEICKNESS OF GLABS (IN.)

OCTAVE

FREQUENCY /8 A 12 3/

DAKD APPROXIMATE SURFACE WEIOHT (LB/SQ ¥)
) i 3. 6 10
kye o 5 11 14
63 5 1 17 20
125 11 17 23 24
250 17 23 25 25
500 23 25 26 27
1000 25 26 27 28
2000 26 a7 28 29
Looo 21 28 30 33
8o0o 28 20 36 a9

fpecinl lsminated anfety glass containing one or mors viscoelantic layera
sandwiched between glano panels will yield 3-8 4B higher values than given
hera for single thicknespes of glass; available in approximately 1/4 in.
to 5/8 in, thicknesses,

TABLE 8
APPROXIMATE TRANSMISEION LOSS (IN na‘)' oF
A FEW TYPICAL DOUBLE-GLASS WINDOWS
GLASS~AIR BPACE-GLASS THYCKNESSES

CCTAYE (inches)
FREQUENCY
BAND N .
{1i2) t-3-1 t-1%- 4 t.6-1%
3l 13 1k 15
63 18 19 20
135 23 23 24
250 24 25 28 ;
500 a4 a7 3l
1600 26 31 37
2000 28 3 Lo
hooo 30 37 I3
Booo 36 42 hé

Thormaleingulation double-glacs windows typically have 1/4" to 1" senled
sir space between 1/4" to 3/8" glass panels, For larger nir apaces,
individual glass pabels shouwld be tounted asparately in rubber or neoptena
gasketo., For large temperature differencea across the window, provide
desiccant or small ventilation porta in the inner apace to elimihate cofie
densation on the cold glass.

bz




T TR TR

TABLE 9 o

APPROXIMATE TRANSMISSION LOSS (IN DB)
OF WOOD™~ OR PLYWOOD
(4 LB/SQ FT/IN. SURFACE DENSITY) f;

OCTAVE THICKNESS OF WOOD OR PLYWOQD {IN.)
FREQUENCY 1/k 1/2 1 2 4
Eégn fiEROKIM%EE_§URFAE§LFEIGEE_(LB/?Eﬁ?T)
3 o 0 5 10 16
63 0 4 11 15 18
125 5 10 16 17 19
250 11 15 18 19 20
500 16 17 19 20 26
1000 18 19 20 26 32
2000 19 20 26 32 37
4000 20 26 32 37 43
8000 26 32 37 41 45

1. Wood conatruction requlres tongue-and-groove Jolnts,
overlapping Jolnts, or sealing of Jjeoints against alr i
leakage. For intermedlate thicknesses, interpolate :”
between thicknesses gilven in table, s

2. Tor 2 1n, s0lid wood doors that are well-gasketed I
all around, these values of TL may be used, i

he28 - '
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TABLE 10

APPROXIMATE TRANSMISSION LOSS {IN DB)
OF DENSE* PLASTER
{9 LB/SQ F?/IN, SURFACE DENSITY)

OCTAVE. THICKNESS OF PLASTER (IN,)
gﬁﬁ%UENCY jﬁé%ROXIMA%éusURFAC% WEIG}PJJS-]({%/SQ st
(HZ) 4-1/2 , 7 9 13 18
31 S 12 15 18 21
63 15 18 21 24 26
125 a1 = 26 27 27
250 26 a7 27 28 28
500 a7 28 28 29 29
1000 28 29 29 30 33
2000 29 30 33 37 4o
4000 33 37 4o by L7
8000 ho Iy bt 50 53

*If light-welght non-porous plaster is used, these TL
values may be used for equal values of surface welght,
These data must not be used for porous or so-called

M"agoustic plasber™. —

If plaster ls to be used on typlcal stud wall con-
struction, estimate the total thickness or welght of
the plaster and use the TL values glven here for that
thickness, but lncrease the PIL values wheres appropriate
so that they are not less than those glven in Tahle 23
for the applicable stud constructilon.
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TABLE 11
APPROXIMATE TRANSMISSION LOSS (IN DB)

OF SHEET ALUMINUM
(14 LB/SQ PI/IN. SURFACE DENSITY)

OCTAVE THICKNESS OF ALUMINUM (IN.)
FREQUENCY 1/16 1/8 /4
BAND \DPROYIMATE SURFACE WEIGH? {LB/SS PT)
(HZ) 1 2 3-1/2
31 0 1 1
63 1 7 13 i
125 7 13 19
250 13 19 a3
500 19 23 25 i
1000 23 25 26 <)
2000 25 26 27 i
Looo 26 21 28
8ooa 27 28 32 i

TABLE 12 @

APPROXIMATE TRANSMISSION LOSS (IN DB) b
OF SHEET STEEL

(40 LB/SQ FT/IN, SURFACE DENSITY)

OCTAVE THICKNESS OF STEEL (IN.} o
FREQUENCY 1/16 1/8 1/h ¥
BAND APPROXIMATE SURFACE WEIGKT (LB/SQ PT)

{Hz) 2-1/2 5 _1o

3 3 9 15 'j

63 9 15 21 i

125 15 21 27 o

250 a1 27 33 i

500 27 33 38 ;

2000 33 38 39 ;‘

2000 38 39 39
4000 39 39 37
8000 39 ki ho

he30
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TABLE 13

APPROXIMATE TRANSMISSION L1053 (IN DB) OF SHEET LEAD
{60 LB/SQ FT/IN. SURFACE DENSITY)

OCTAVE THICKNESS OF LEAD (IN.)
FREQUENCY 1716 1/8 3/16 1/h
BAND AFPROXIMATE SBURFACE WEIGHT (LB/SQ FT)
_{uz) b s, A A5
31 T 13 16 15
63 13 19 22 25
125 19 25 28 31
250 25 31 34 37
500 31 37 40 L3
1000 ar 43 L6 kg
2000 43 Lo 51 53
hooo Lo 53 54 55
8oao 23 55 59 a5
TABLE 14

APPROXIMATE WALL CR FLOOR CORRECTION TERM "C"
FOR USE IN THE EQUATION Nt = TL + "C"

(Select nearest integral value of C}

RATIO gt RATIO now RATIO ot
EH& (dB) SH/R?_ {aB) SW/R2 (aB)
0.00 +6 1.7 -3 15 =12
0.07 +5 2,2 =k 20 =13
0.15 +h 2.9 =5 25 =14
0.25 +3 3.7 -6 31 -15
0.38 +*2 .7 -T Lo =16
0.54 +1 6.1 -8 50 =17
0.75 0 T.7T ) 63 ~18
1.0 -l 9.7 =10 go ~19
1.3 -2 12 =11 100 =20
8, is the area of the wall or floor (in sq ft) common to the

W "tranamitting" and "receliving" rooms.

R, is the Room Constant of the "receiving” room; include low
fraquency values of Ra.

ka2




TABLE 15

APPROXIMATE TRANSMISSION LOSS OF A
WALL CONTAINING DOORS OR WINDOWS

DOOR OR WINDOW Ir TL OF DOOR THEN, EFFECTIVE TL
AREA AS FERCENT OR WINDCOW IS OF COMPOSITE WALL
OF TOTAL WALL LESS THAN TL IS LESS THAN TL OF
AREA OF WALL BY ORIGINAL WALL BY

4oz g an 1 dB

=1 4=

10
15 1l
20 16
20 3
% 6
10

15
20

1o0% 3
6

10

15

20

5% 3
&

10
15
20

ag 3
6

10

15

20

14 3
8

10

15

20

=
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TABLE 16
APPROXIMATE TRANSMISSION LOSS (IN DB)
OF TYPE 1 FLOOR-CEILING COMBINATION
{SEE TEXT FOR DESCRIPTION OF TYPE 1)

OCTAVE THICKNESS OF DENSE CONCRETE SLAB (IN.)
FREQUENCY 6 8 10 12
BAND APPROXIMATE SURFACE WEIGHT (LB/SQ PT)
{Hz) 12 96 120 14k
3 32 33 3h 35
63 33 34 35 36
125 35 36 37 38
250 36 38 Lo k1
500 4o 3 45 47
1000 46 50 52 5l
2000 53 56 58 59
Looo 58 61 63 6l
&coo 63 66 68 69
TABLE 17

APPROXIMATE TRANSMISSION LOSS (IN DB) OF
SEME TYPE 2 FLOOR-CEILING COMBINATIONS

{SEE TEXT FOR DESCRIPTION OF TYPE 2)

OCTAVE THICKNESS OF DENSE CONCHETE SLAB (IN.)
FREQUENCY 6 8 10 12
BAND AIR SPACE BETWEEN SLAB AND SUSPENDED
4:v-) . ACOUSTIC CEILING (IN.)
i3 a8 2k 2k
3l 33 35 3t kY:|
63 35 37 39 ho
125 18 Lo 42 43
250 Lo 43 L6 L7
500 45 Lo 52 5l
1000 52 5T 6o 62
2000 59 63 66 67
hooo 64 e8 71 72
8000 69 73 16 17
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TABLE 18
APPROXIMATE TRANSMISSION LOSS (IN DB) OR
SCME TYPE 3 FLOOR-CEILING COMBINATIONS
(SEE TEXT FOR DESCRIPTION OF TYPE 3)

QOTAVE THICKNESS OF DENSE CONCRETE SIAB (IN.)
FREQUENCY 6 8 10
BAKD AIR SPACE BETWEEN SLAB AND SUSPENDED
(HZ) "HIGH TL" ACOUSTIC CEILING (IN.)
15 18 2
31 36 38 ko
63 38 Lo Y]
125 L1 b3 bs
250 b3 k6 Lg
500 L8 52 5
1000 55 60 ‘ 63
2000 62 66 69
kooo 67 71 Th
8000 72 76 T9
TABLE 19

APPROXIMATE TRANSMISSION LOSS (IN DB} OF
SOME TYPE 4 FLOOR~-CEILING COMBINATIONS
(SEE TEXT FOR DESCRIPTION OF TYPE &)

OCTAVE THICKNESS OF DENSE CONCRETE SLAB (IN.}
FREQUENCY 6 8 10
BAND AIR SPACE BETWEEN SLAB AND RESILIENTLY
(HZ) SUSPENDED PLASTER CEILING (IN.)
: 18 24 30
THICKNESS OF DENBE PLASTER CEILING (IN.)
1 s 1-1/2
3l 39 41 h
63 41 43 k6
las L5 LT 90
250 L7 50 sk
500 52 56 60
1000 59 6h 68
2000 66 70 Th
000 Tl 75 T8
8000 76 8o Bl

L34

12

2
L1

L6
50
57
65
70
5
80

12

30
2

——

L5
L8
33
57
6l
72
17
82
87
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TABLE 20

APPROXIMATE TRANSMISSION LOSS (IN DB) OF
SOME TYPE 5 FLOOR-CEILING COMBINATIONS
(SEE TEXT FOR DESCRIPTION OF TYPE 5)

FOR FLOATING FLOOR SLAB OF 3 IN. THICKNESS SUPPORTED RESILIENTLY

2 IN. ABOVE STRUCTURE SLAB:
ADD 3 DB TO TABLE 19 VALUES

FOR FLOATING FLOOR SLAB OF 4 IN, THLCKNESS SUPPORIED RESILIENTLY

2 IN. ABQVE STRUCTURE SLAB:
ADD 4 DB TO TABLE 19 VALUES

FOR FLOATING FLOOR SLAB OF 5 IN, THICKNESS SUPPORTED RESILIENTLY

2 IN, ABOVE STRUCTURE SLAB:
ADD 5 DB TO TABLE 19 VALUES

NOTE: THE 3, 4 AND 5 DB INCREMENIS GIVEN HERE FOR 3, 4 AND 5 IN.
THICK FLOATING SLABS MAY ALSO BE USED WHEN A FLOATING SLAB IS
ADDED TO ANY OTHER FLOOR~CEILING COMBINATION SHOWN IN TABLES 16-1RB,

435

[ RE VR R R




------

i
E
|
!
TABLE 21
DISTANCE TERM [10 log (27B°) - 10 dB]
FOR CALCULATING SPL OUT TO A DISTANCE OF 100 FT
FROM A NOISE SOURCE OF POWER PWL
8PL = PWL - DISTANCE TERM
where PWL 1s in dB re 107%2 watts
e DISTANCE DISTANCE DISTANCE DISTANCE
e (£t) (an) (£5) (aB)
14 19-21 24
2 22-23 25
3 2h-26 26
4 10 27-29 27
5 12 30-33 28
6 14 3437 29
7 15 38-42 . 30
8 16 43-47 31
9 17 48-53 32
10 18 54-59 33
11 19 60-67 34
12-13 20 68-75 35
14 21 76-84 36
15-16 22 85-94 37
17-18 23 95-100 38
4-36
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TABLE 22

DISTANCE TERM, INCLUDING ABSORPTION LOSSES,
FOR CALQULATING SPIL, FOR DISTAKCES OF 100C FT TO 10,000 FT
FROM A NOISE SOQURCE OF POWER PWL
SPL = PWL - DISTANCE TERM
where PWL 1s in dB re 107%% yatta

R DISTANCE DISTANCE TERM (TO NEAREST dB
| D FOR OCTAVE FREQUENCY BAND (Hz;
! () 31-250 500 1000 2000 4000 8000
. 100 38 38 38 38 39 39
112 39 39 39 39 40 >}
126 4o 4o 40 4o 41 4a
141 41 41 41 41, Lo 43
158 42 42 42 b2 43 4h
@) 178 43 43 43 hy b4 46
200 L Uy 4l 45 46 yr
224 45 ks 45 U6 h7 48
252 46 46 U6 47 48 50
282 47 7 a7 48 kg 51
316 48 48 uB hg 50 53
356 49 9 49 50 52 54
hoo 50 50 51 51 53 56
448 51 51 52 52 54 57
504 52 52 53 54 56 59
564 53 53 54 55 57 61
632 54 54 55 56 59 63
712 55 56 56 57 a0 65
800 56 57 57 58 62 67
900 57 58 58 60 64 70
\J k37




TABLE 22 (continued)

DISTANCE DISTANCE TERM (TO NEAREST dB

D FOR OCTAVE FREQUENCY BAND (Hz; i
(rt) 31-250 500 1000 2000 4ooo 8000 1
1000 58 59 59 61 66 72
1120 59 60 61 62 68 75
1260 60 61 62 64 70 78 .
1410 61 62 63 65 73 81
1580 62 63 64 67 75 85 ’
1780 63 6y 66 68 77 89
2000 64 65 67 70 79 93 '
2240 65 67 68 72 82 97 b
2520 66 68 70 7h 85 102 s
2820 67 69 T 75 89 108
3160 68 70 72 77 92 114
3560 69 72 T4 80 96 120
4000 70 73 76 82 101 128
1480 7 7mo 77 8y 105 136 i
5040 72 76 79 87 1l 1K
5640 73 77 81 90 116 154
6320 7h 78 83 93 123 165
7120 75 80 85 96 130 178
8000 76 82 87 100 138 191
9000 77 83 90 104 146 207
10000 78 g5 92 108 155 222
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SOURCE
#*

any bands,

TABLE 23

APPROXIMATE NOISE REDUCTION {IN DRB)

PROVIDED BY A SCOLID BARRIER

See text for discussion,
of attenuatlon for D greater than 1 mile.)

H

(Do not go above 24 dB or below O dB attenuation in

Use one-~halfl

RECEIVER
*

A

RATIO
H°/R
(£5)

s 0.3-0.4
0.5-0.8
0.9-1.2
1.3-1.9
2,0-3.1
3.2-4.9

5-8
9-12
13-20

over 20

LAMFLUAD e & (R 1R 47 mid ST R dm e e ' o e by 7] L e e

W N WM W e o o lﬁ&ﬂ

11
13
15

D

NOISE REDUCTION IN FREQUENCY BAND

125
1z

0
2
4
6
8
10
12
14

16
18

250
_hz

3
5
7
9
1l
13
15
17
19
2l

B

500 1000 2000 4ooo 8000
HZ HZ HZ HZ HZ
6 9 12 15 18
8 11 14 17 20
10 13 16 19 22
12 15 18 21 ak
14 17 20 23 24
16 19 22 24 2k
18 21 24 24 2U
20 23 ay a4 24
22 24 24 24 2l
24 a4 24 24 24
L3




TABLE 24

APPROXIMATE NOISE REDUCTION (IN DB)
PROVIDED BY DENSE WOODS

(Mixed Declduous and Evergreen trees; 20-40 ft
height, visibility penetration of 70 to 100 ft)

OCTAVE EXCESS
FREQUENCY ATTENUATION
BAND (n dB per
(HZ) 100 f't. of woods)
63 ' 1/2
125 | 1
250 1-1/2
500 2
1000 3
2000 4
4000 4-1/2
8000 5

Notes:

1, For average 1l0=-20 £t height, use one-half
the rate glven in the table.

2, For gparse woods of 200-300 £t vislbllity

penetration, use one-half the rate glven
in the table.

b-bo
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TYPICAL REACTIVE MUFFLERS USED WITH RECIPROCATING ENGINES

OCTAVE
FREQUENCY
BAND

(Hz)

63
125
250
500

1000
2000
4000
8000

63
125
250
500

1000
2000
4oo0
8000

TABLE

25

APFROXIMATE NOISE REDUCTION (IN DB) OF

(See text for discussilon)

MUFPLER SERIES BY RELATIVE SIZE

SMALL MEDIUM LARGE
_SIZE S1ZE SIZE
HIGH PRESSURE-DROP LINE
16 20 25
21 25 29
21 24 29
19 22 a7
17 20 25
15 19 24
14 18 23
14 17 23
LOW PRESSURE~-DROP LINE
10 15 20
15 20 25
13 18 23
11 16 21
10 15 20
9 14 19
8 13 18
8 13 18

Refer to manufacturers! literature for more specific data,

halia
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TABLE 28
APPROXIMATE NOISE REDUCTION (IN DB) OF
VARIOUS LENGTHS OF COMMERCIAL DUCT MUFFLERS
OCTAVE
FREQUENCY MUFFLER LENGTH
BAND
(Hz) 3 FL. 5 FP. 7 FT.
e "I,OW PRESSURE-DROP CLASS"
N 63 4 8 10
125 7 12 15
250 g 14 19
500 12 16 20
1000 15 19 22
2000 16 20 24
4000 14 18 a2
8000 g 1 18
"HIGH PRESSURE-DROP CLASS"
63 8 11 13
125 10 1h4 18
250 15 23 30
500 23 32 40
1000 30 38 4y
2000 35 42 48
4900 28 36 4a
8000 23 30 36
Refer to manufacturers! literature for more
speciflic data,
b2
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TABLE 2T

APPROXIMATE NOISE REDUCTION (IN DB) OF
8-FT LONG, 4~IN, THICK PARALLEL BAFFLES
SEPARATED BY VARIOUS WIDTH AIR SPACES

OCTAVE WIDTH OF AIR SPACE
FREQUENCY 4 IN. B IN. 12 IV, 16 IN. 24 IN.
BAND PERCENT OPEN AREA
(HZ) 50% 67% 75% 80% B6%
63 3 2 1 1 0
) 125 6 5 3 2 2
A 250 16 13 8 6 i
! 500 32 25 16 13 10
| 1000 56 38 19 16 12
2000 48 35 13 11 8
4ooo Lo 26 10 8 6
8000 20 18 7 é i
£y TABLE 28
-
APPROXIMATE NOISE REDUCTION (IN DB} OF
8-FT LONG PARALLEL BAFFLES OF
TYPICAL THICKNESSES AND SEPARATIONS
OCTAVE THICKNESS OF BATFLE (IN.)
FREQUENCY 8 ] 12 16
BAND WIDTH OF AIR SPACE (IN.)
{HZ) 8 12 12 10
63 5 4 5 11
125 11 8 12 16
250 20 18 20 23
500 30 27 30 32
1000 27 23 al 25 '
2000 22 19 19 2p
4000 18 ik 1h 17
Booo 15 10 10 14
Refer to manufacturers' literature for more specific data. i
|
U
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i TABLE 29

APPROXIMATE ATTENUATION OF VARIOUS STRAIGHT DUCTS @ ‘

; WEITH AND WITHOUT LINING (MAY BE USED LN ABSEKCE :
3 OF MORE COMPLETE ANALYSLS OF DUCT ATIENUATION BY

: METRODS OF ASHRAE GUIDE)

These values are offered only for use in approximating the duct losses of a
typical gas turbine engine inlet or exhaust duct before mufflers are added.
Do not use these values to design nolse cenktrol treatments for ducts,

Values pgiven are in dB attenuation per ft of duct length, for the eight oc-
tave bands from 63 Hz to B000 Hz, These values assume duct cross dimensions
U in the region of 3 to 5 ft. These are very rough estimates and should not
- be used to analyze the duct losses of a ventilation duct layout, If at all
possible use the duct analysis methods of the ASHRAE Guide.

For elevated temperatures, as in gas turbine exhaust ducts, duct dimensions
appear shorter in terms of sound wavelengths and therefore usually less
effective {n attenuating sound. In absence of more thorough analysis at
specific exhaust temperature, take only two-thirds the length of the exhaust

-; duct when estimating the attenuation of a hot exhaust duct,

5 Type 1. For ducting with no internal or external duct lining (dB per ft)
i Round Duet: ,10 .07 .03 .02 .02 .02 .02 .02 ® -
: g Rectangular: ,20 .14 .07 .05 .04 .04 .04 .04 :

4 Type 2. For ducting with an external thermal duct lining (dB per ft) l

o i
4 Round Duct: ,15 .09 04 .02 .02 .02 .02 .02 o
. Rectangulars .30 .20 .09 .05 .04 Q4 04 .04

% i

g Type 3. For ducting with l-in. thick internal acoustic absorption duct IR

il lining, material and constructlon to withstand temperature and ,

k: flow speed (dB per ft) -

i i

g Round Duet: .15 .16 .22 N 8 .8 .6 o H

K Rectangular: .30 .25 .25 7 .B 8 6 o4 e

i L

f: Type 4. For ducting with 2-in. thick internal acoustic absorption duct

3 lining, material and construction to withstand temperature and

Y flow speed (dB per ft)

? Round Duct: ,20  ,20 .3 9 11 1.1 .9 .6

.é Rectangular: .30 .28 N .9 1.1 1.1 .9 .6 o

!.H :.:

i

b=l
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TABLE 30

APPROXIMATE ATTENUATION OF VARIOUS DUCT TURNS WLTH AND
WITHOUT LINING (MAY BE USED IN ABSENCE QF MORE COMPLEIE
ANALYSIS OF DUCT ATTENUATION BY METHODS OF ASHRAE GUIDE)

These values are offered only for use in approximating the duct losses of a
typlcal gas turbine engine inlet or exhaust duct before mufflers are added.
Do not use these values to design nolse control treatments for ducts.

Values given are in dB attenuation (or insertion loss) for the eight octave
bands from 63 Hz to 8000 Hz, These values assume duct cross dimensions in
the region of 3 to 5 £t. These are very rough estimates and should not be
used to analyze the duct losses of a ventilation duet layout, If at all
possible use the duct analysis methods of the ASHRAE Gulde.

For elevated temperatures, as in gas turbine exhaust ducts, duct dimensions
appear shorter in terms of sound wavelengths and therefore usually less
effective in attenuating sound. In absence of more thorough analysis at
specific exhaust temperature, use only two-thirds the attenuation glven
below when applying these data to a hot exhaust duct.

If there is more than one turn in the duct configuration, the attenuation
of successive turns can be added together only if the turns are located at
least 20 ft apart.

Type 1. For ducting with,no internal duct lining, 90° rounded turn of round
duct or 90 rounded turn of rectangular duct, with or without turning
vanes (dB per turn)

0 1 2 3 k) 3 3 3

Type 2. For ducting with ne internal duct lining, 90° square turn of rec-
tangular duct, with turning vanes of chord length less than 6 in.
(dB per turn)

1 4 :] 4 3 3 3 3

Type 3. For ducting with continuous l-in. or 2-in. thick internal acoustic
absorption duct lining, 90° rounded turn of round duct or 90° rounded
turn of rectangular duct, with or witheout turning vanes (dB per turn)

1 2 3 4 5 6 B 6

Type 4. For ducting with continuoug l-in, or 2-in. thick Internal acoustie
absorption duct lining, 90" square turn of rectangular duct, with
turning vanes of chord length less than 6 in. (dB per turn)

1-in, lining:

1 5 0 6 7 8 9 10
2=in, lining:
1 ] 7 8 9 10 11 12

b5
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CHAPTER 5

VIBRATION ISOLATION OF MECHANICAL AND ELECTRICAL EQUIPMENT

1. VIBRATION CRITERIA

An approximation of the "threshold of sensitivity* of individuals to feelable
low frequency vibration is shown in Figure 1 (at the end of this section).
Obvicusly, this may vary over a relatively wide range for different individuals
and for different ways In which a person might be subjected to vibration
(standing, seated, through the finger tips, etc,). The exact threshold values
are not particularly important, for the purpose of this discussion, but it is
considered important to realice that vibratlon can evidence ltszlf ip two
different ways to an fndividual: (1) as "feelable' vibration, and (2) as
"gudible" sound radiated from a vibrating surface, Along the right-hand side
of Figure 1, the low frequency ends of some "NC-equivalent' curves are shown.
The complete “NC-equivalent" curves for this sequence are shown in Figure 2,
To illustrate, using either Fig. 1 or Fig, 2, if a wall or floor of a building
has a vibration acceleration level of -60 dB re 1 G at a frequency of 63 Hz,
the sound level radiated by that wall or floor would be equivalent to the noise
level of an NC-30 curve at 63 Hz (about 57 dB re 0.0002 microbar). In a quiet
room, a 57 dB sound pressure level at 63 Hz would be faintly audible; yet
Figure 1 suggests that the vibration itself would be imperceptible for ~60 dB
accelervation level at 63 Hz. In fact, Figure 1 reveals that the acceleration
level would have to be about 20 to 30 dB higher than this wvalue in order to be
barely perceptible as feelable vibration.

The objective of this discussion is to emphasize that the sound radiated by a
vibrating wall or floor may be more imporrant in neise contrel than the feelable
vibration of that wall or floor, especially in the frequency region above 30 to
60 Hz. In other words, if a plece of equipment is vibration-isclated well
enough to produce no audible nolse radiation from a wall or floor, then it is
guite probable that there will be no feelable vibration associated with that
machinery (as observed in some part of the building ocutside the actual MER).
This is especially true for equipment operating at speeds in the vicinity of
1800 RFM (or higher), which would give rise to 30 Hz (or higher) driving fre-
quency. For slow speed machinery, the vibration isolation treatment should
provide lower frequency isoclation,

Actual vibration levels of mechanical and electrical equipment are not given
here, but the vibration isolation recommendations that are given are aimed at
achieving acceptable radiated noise levels (as "NC-equivalents") and essentially
imperceptible "feelable! vibration levels in occupied spaces of the huilding,

2, VIBRATION IN BUILDINGS

Almost every structure has many natural frequencies of vibration depending on
its mass, stiffness, dimensions, method of mounting, etc. In buildings, many
of the natural frequencies of floors, beams, walls, columns, doors, windows,

ceilings, etc., frequently fall in the range of 10 to 60 Hz. Typieally, much




U

of the mechanical equipment used in buildings operates at speeds that produce
noise and vibration in this same frequency range: for example, n
Y

600 RPM = 10 Hz
1800 RPM = 30 Hz
3600 RPM = 60 Hz

Thus, it is important to separate or "isolate" these "driving' frequencies of :
the equipment from the '"natuval'' frequencies of the building, as well as to I
reduce at all fredquencies the structure-porne noise that 1s so often disturbing,

Tor a vibration isolation mount to be effective, the driving frequency of the
source (that is to be isolated) should be higher than the natural frequency of
the isolation mount by a factor of about 3 to 10, or even more. For many condi-
tions, the higher this ratio, the more effective the isolation. If the natural
£requency of the isolation mount just eguals the driving frequency of the w
vibrating source, the system may go into violent oscillation at that frequency,
limited only by the damping within the system. Some magnification of the vibra-
tion will occur, In fact, as long as the driving frequency 15 within the range
of about 0.3 to 1.4 timea the natural frequency of the mount, Below its natural
fraquency, an isolator provides no isclation. All of this 18 shown somewhat
quantitatively in Figure 3, where a value of greater than unity in “trans-
missibility" means an increase in vibration (magnification) and a value of less
than unity means a decrease in vibration (isolation).

B P

In view of these frequency characteristics of an isolator, the first important

gtep in the selectlon of a vibration meunt is to be sure that the natural fre-

quency of the isolator is lower (by a factor of at least 3 to 10, if possible) .
than the driving frequency to be protected. As an ald in taking this first @lﬂ
step, the natural frequency (in Hz and in cycles per minute) of a vibration ;
isolator 1s given in Table 1 (at the end of this section) as a function of the

static deflection {in inches) of the isolator under load.

In most vibration isolator catalogues, there is usually a curve that purports

to show the vibration isolation efficiency of a mount. According to that curve, )
isclation efficiencles of 80%, 90%, 95%, even 98% would appear to be quite i
commonplace and simple to achieve. The curve usually fails to state that these i
efficiencies can be achieved only when the isolated system is mounted on an t
infinitely massive and rigid base. An upper floor slab that deflects up to

1 in. when it is completely loaded hardly qualifies as infinitely rigid. In

fact, the actual isolation efficiency of a mount decreases from the jidealized

maximum as the getual floor deflection increases, As an example, Lif the isolator

static deflection just equals the floor static deflection, the practical limit

of isolation efficiency for the mount approaches approximately 50% whereas it

would have approached 100% for a completely rigid base, In effect, this means

that high deflection floors {usually comparatively lightweight floors or large-

span floors) require larger deflection isolators in order to achieve the desired

degree of isolation.

Although there is no simple rule-of-thumb, a few suggestions are offered on
estimating the desired statfc deflections of vibration isolators,

(1) For a highly eritical installation, the natural frequency of the

isolator should be about 1/6th to 1/10th the driving frequency that is to be iﬂ@
controlled (or even lower), and the static deflection of the Lsolator should

5-2
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not be less than asbout 6 to 10 times the static deflection of the floor when
the equipment load is added.

(2) For a less critical situation, the naturel frequency of the isolater
should be about 1/3rd to 1/6th the driving frequency that is to be controlled
{or even lower), and the static deflection of the isolator should not be less
than about 3 to 6 times the static deflection of the floor when the equipment

load is added,

Of course, when practical or economic limitations prohibit application of these
suggestions, compromises have to be made. The need for compromise is illus-
trated by the vibration isolation of a cooling tower, Suppose a 75-HP cooling
tower is mounted directly above an executive office that qualifies for an NC-25
criterion {in other words, it is a ecritical installation}. Suppose the propeller
fan runs at 240 RPM (a reasonable spead for a 10-£r ta 14-ff blade diameter),

and suppose the roof deck deflects an additional 1 in. when the fully loaded
cooling tower is installed, According to one of the suggestions, the natural
frequency of an isolator should be about 1/8th the driving frequency, or 30 RPM
which is approximately 0.5 Hz. In Table 1, a spring with a 30-in, static
deflection would meet this suggestion. Such a spring would stand about 6 ft tall
when uncompressed--hardly practical! According to the second suggestion, the
static deflection of the isolator should be about 6 to 10 times the floor de-
flection, or 6 to 10 in. This, at least, is possible although it still repre-
sents a spring about 2 ft tall whepn uncompressed. This illustrates one of the
reasons why large cooling towers are usually installed on dunnage that ia
supported directly off the tops of the columns of the building instead of on

roof decks. The compression of the columns is fairly negligible when the

cooling tower load is added, A resulting 5-in. or 6é~in, static deflection of the
springs 15 a reasonable compromise decision. Note (from Table 1) that these
springs would have a natural frequency of approximately 80 CPM or 1.3 Hz which

is removed by a factor of 3 from the driving frequency of 240 CPM or 4 Hz, The
cooling tower represants an extreme example because of the low shaft speed,

Before leaving this example, however, it should be pointed out that the next
higher "driving" frequency of the cooling tower fan is the blade passage fre-
quency, which would be about 40 Hz for a l0-bladed fan (240 RPM x 10 blades/60

= 40 Hz), A 5-in. to 6-In. static deflection spring with a natural frequency

of 1.3 Hz can provide good isolation at 40 Hz {when properly used). Thus, noise
or vibration at the blade passage frequency would be controlled by the spring.
As an incidental point, people would not "hear" the noise of the cooling tower
at the shaft speed of 240 RPM or 4 Hz, but they might feel the vibration caused
by an unisolated and unbalanced fan, Hence, an isolator whose natural frequency
is only 1/3rd that of the driving frequency would be worthwhile in this case,

For most other equipment, more reasonable values occur, For example, suppose a
rveciprocating~compressor operates at 1200 RPM and it is to be {solated over a
critical area, and the floor daeflection might be 1/4 in, when the machine ig
installed, According to one of the approaches, the static deflection of the
isolator should be such that its natural frequency is 1/6th to L/l0th the

driving frequency; in other words, s static deflection of between 0.9 and 2.4 in,
By rhe second approach, the static deflection of the isolator should be about

6 to 10 times the floor deflection; in other words, about 1.5 to 2,5 in, Choosing
the upper end of the range, a value of 2 to 2,5 in, static deflection would
represent a practical isolator for this installation.

5-3



In the material that follows, a fairly complete collection of vibration isoclation m
mounting details are given. These are based on experience with many actual ’
installations, Paragraph 3 names some general conditions applicable to all

mounting systems, Paragraphs 4-8 describe in general terms five "types of

mounting systems' to be called upon specifically for use with certailn equipment,

and Paragraphs 9-22 pive detailed recommendations for the vibration isolation

of specific equipment, some of which require the mounting assemblies described

in Paragraphs 4-8, Paragraphs 23-25 refer to piping, connections and auxiliary

equipment,

3. GENERAL CONDITIONS

In the vibration isolation recommendations that follow, several general condi-
tions are assumed. These are summarized here.

a. Building Uses. Isolation recommendations are given for three general
equipment locations: (1) Mon grade slab", (2) "on upper floor above non-
critical area", and (3) '"on upper floor above critical atea, In spité of these
categories of locations, it is assumed that the building under conaideration is
an occupied building involving many spaces that would require or deserve the low
noige and vibration environments of such bulldings as hetels, hospitals, office
buildings and the like, as characterized by Categories 1«4 of the Noise Cri-
terion table. Hence, the recommendations are almed at providing the required
low vibration levels throughout the building. Since an on-grade slab usually
represents a more rigid base than is provided by a framed upper floor, the
vibration isolation reccmmendations can generally be somewhat relaxed. Of e
course, vibration isolation treatments must be the-very best when a high '&ﬁd
quality occupled area is located immediately under the MER, as compared with
the case where a "buffer zone" or non-critical area is located between the MER

and the critical area.

If a building 1s Intended to serve entirely for such uses as those of Categories
5 and & of the Noise Criterion tables, the recommendations given here azre too
severe and can 52 simplified at the user's discretion,

\

b, Floor Slab Thickness, It is assumed that MER upper floor slabs will
be constructed of dense conerete of minimum 140-150 lb/cu. ft density, or if
lighter concrete is used, the thickness will be Increased to provide the equi-
valent total mass of the specified floor, For large MERs containing atrrays of
large and heavy equipment, it 1s assumed that the floor slab thickness will be
in the range of 8 to 12 in., with the greater thicknesses required by the
greater floor loads, For smaller MERs containing smaller collections of
lighter-weight but typical equipment, floor slab thicknesses of 6 to 10 in.
are asgsumed. For occaslonal locations of cne or a very few pleces of small
high speed equipment (say 1800 RPM or higher) having no reciprocating actionm,
floor slabs of 4 to 6 in, may be used with reasonable expectation of satis-
factory results, However, for reciprocating action machines ocperating at the
lower speeds (say, under 1200 RPM), any reduced floor slab thicknesses from
those listed above begin to invite problems, There is ne clear cross-over from
"aeeeptable"” to MunacceptableM in terms of floor slab thickness, but each re-
duction in thickness increases the probability of later difficulties due to
vibration, w
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The thicknesses mentioned here are based on experience with the "acousties' of
equipment installations., These statements on thicknesses are in no way intended
to represent structural specifications for a building,

"Housekeeping pads'' under the equipment are assumed, but the height of these
pads 1s not to be used in calculating the thickness of the floor slab.

£, Steel Spring Isolators. As a general rule, unhoused free-standing
stable steel springs are preferred over housed spring assemblies, The housed
spring is frequently an '"unstable spring"; that is, it will tilt sidewise as
it is loaded, and the housing is required to keep it In a scmewhat upright
orlentation. In so doing, however, the housing (or its internal lining of neo-
prene strips) tends to short-circuit the coils of the spring or even bind the
spring when it 1s Dbadly "tilted” ifnside ihe housing, All of this reduces the
effectiveness of the spring. Purther, the housing frequently so encloses the
spring that it is hidden from view, and inspection is made difficult,

On the other hand, the stable steel spring has a larger diameter and requires
more space (the diameter is comparable to the compressed height), but it is
clearly in view for critical inspection (if not recessed inside an enclosing
pocket of a concrete inertia block).

Visual inspection 1s an important step In providing a satisfactory installatium,
and the engineer can perform a useful service by designing the mounting system

to be "easy to inspect!!,

The horizontal stiffnecss of the spring should be approximately equal to it
vertical stiffness.

d., Steel Sprinpps Plus Neoprene Pads, It is a specific recommendation
that whenever a stcel spring is used, at least one and preferably two pads of
ribbed or waffle-pattern neoprene be used in series with the sprinp (either
under the base of the spring or on top of the spring). It Ls suggested that this
pad be considered in addition to the anti-skid ribbed pad that is frequently
supplied already cemented to the bottom of the spring base. Grout or building
dirt frequently fills up the cavities or grooves of the anti-skid pad and it
loses the effectiveness it might once have had,

From a simple point of view, a steel spring is a coiled-up rod of steel that
connecks a plece of nolsy equipment to a floor. The coiled rod is very effective
in isolating low frequency vibration £rom the floor, but, like any rod, it will
transmit high frequency noise from the machine to the floor. A rubber or neo-
prene isolator, however, is most effective at high frequency. Thus, 1f a steal
spring is used in series with a neopreme pad, both the low frequency vibration
and the high frequency structure-borne noise are reduced.

In the material that fellows, whenever a steel spring is specified, at least one
and preferably two ribbed or waffle-pattern neoprene pads should be used with
that spring (even though this statement is not repeuted with every spring speci-
fication)! Although there are times when this is not necessary, the exceptions
are too few to discuss, so they will be ignored,

n
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For many equipment installations, there i3 no need to bolt down the isolation
mounts to the floor because the smooth operation of the machine and the weight Q
of the complete assembly keep the system from moving. For some systems, however,

it may be necessary to vestrain the equipment from ‘creeping”" across the floor.

In these situations, it 1s Imperative that the hold-down bolts not short-circuit .

the neoprene pads.

e, Structural Ties, Ripid Connections. Each piece of isolated equipment
must be free of any structural tie or rigid connection that can short-circuilt
the isolation joint. Electrical conduit should be long and "floppy" so that it
does not offer any resistance or constraint to the free movement of the equip- 5
ment. Piping should be resiliently supported or contain flexible comnections j
as discussed later., Limit stops on the spring isolators, shipping bolts on the '
{solators and leveling bolts on the isclators should be set and inspected to o
insure that they are not inadvertently short-circuiting the spring mounts, -

All building trash should be removed from under the isclated base of the equip- -
ment, This seemingly innocent supplication becomes more meaningful when a waste- i
basket full of loose grout, 2x4s, nuts, bolts, soft drink bottles, beer cans, =
H welding rods, pipes and pipe couplings are removed from beneath a single base, i
! after the contractor has left the job but could not understand why tle isolated v
[ equipment was still neisy on the floor helow, ]
1

It is recommended that lerge 2~-in. to 4-in. clearances be provided under all
isolated equipment bases in order to facilitate inspection and removal of trash

]
| from under the base.

4, TYPE I MOUNTING ASSEMBLY

! The specified equipment should be mounted rigidly on a large integral concrete ﬂ
i inertia block, (Unless specified otherwise, all concrete referred to in this v
| manual should have a density of at least 140-150 1lb/cu ft.)} The length and

| 8
!

the width of the inertia block should be at least 50%4 greater than the length
: and width of the supported equipment. Mounting brackets for stable steel springs
A should be located off the sides of the inertia block at or near the height of
! the vertical center-of-gravity of the combined completely assembled equipment
Ry and concrete block., If necessary, curbs or pedestals should be used under the
! base of the steel springs in order to bring the top of the loaded springs up to
the center-of~gravity position. As an alternate, the lower portion of the con-
crete inertia block can be lowered into a pit or cavity in the floor so that the
i steel springs will not have to be mounted on curbs or pedestals. In any event,
! the clearance between the floor (or all the surfaces of the pit) and the concrete
) inertia block shall be at least 4 in, and provision should be allowed to check
this clearance at all points under the block,

The ratio of the weight of the concrete inertia block to the total weight of all

the supported equipment (including the weight of any attached filled piping up

to the point of the first pipe hanger) shall be in accordance with the recom=-

mendations given in the paragraph and table for the particular equipment re-

quiring this mounting assembly., The inertia block adds stability to the system

and reduces motlon of the system in the vicinity of the driving frequency,

For reciprocating machines or for units involving large starting torques, the

inertia block provides much-needed stabilicy. m
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The static deflection of the free-standing stable steel springs shall be in
accordance with the recommendations given in the paragraph and table for this
particular equipment. There shall be adequate clearance gll arcund the springs
to assure no contact between any spring and any part of the mounted assembly
for any possible alignment or position of the installed inertia block.

5, TYPE LI MOUNTING ASSEMBLY

This mount is the same as the Type I Mount in all respects except (1) the
mounting brackets and the top of steel springs shall be located as high as
practical on the concrete inertia block but not necessarily as high as the
vertical center-of-gravity position of the assembly, and (2) the clearance
between the floor and the concrete inertia block shall be at least 2 in.

If necessary, the steel springs can be recessed into pockets in the concrate
block, but clearances around the springs should be large enough to gssure no
contact between any spting and any part of the mounted assembly for any possible
aligiment or position of the installed inertia block, Provision must be made teo
allow positive visual inspection of the spring clearance in its recessed mounting.

When this type mounting is used for a pump, the concraete inertia block can be
given a T-shape in plan and the pipes to and from the pump can be supported
rigidly with the pump onto the "wings" of the T, In this way the pipe elbows
will not be.placed under undue stress.

The weight of the inertia block and the static deflection of the mounts shall
be in accordance with the recommendations given in the table for the particular
equipment.

6. TYFE III MOUNTING ASSEMBLY

The equipment or the assembly of equipment should be mounted on a sufficiently
atiff steel frame that the entire assembly can be supported on flexible point
supports without fear of distortlon of the frame or mis-alignment of the equip-
ment. The frame is then mounted on resilient mounts, either steel springs or
neoprene-in-shear mounts or isolation pads, as the static deflection would re-
quire. If the equipment frame itself already has adequate stiffness, no
additional framing is required and the isolation mounts may be applied directly
to the base of the equipment.

The vibration-lsolated assembly should have enough clearance under and all around
the equipment to prohibit contact with any structural part of the building

during operation. If the equipment has large starting and stopping torques and
the isolation mounts have large static deflections, consideration should be

glven to providing limit stops on the mounts. Limit stops might alsc be desired
for large deflection isolators if the filled and unfilled weights of the equip-
ment are very different,

7. TYPE IV MOUNTING ASSEMBLY

The equipment should be mounted on an array of '"pad mounts”, The pads may be
of compressed glags fiber or of multiple layers of ribbed-neoprene or waffle-
pattern meoprene of sufficient height and of proper stiffness to support the
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load while meeting the static deflection recommended in the applicable accompany-
ing tables, Cork, cork-neoprene or felt pad materials may be used if their
stiffness characteristics are known and providing they can be replaced periodi-

cally whenever they have become sufficlently compacted that they no longer provide

adequate isclation,

The floor should be grouted or shimmed to assure a level base for the equipment
and therefore a predictable uniform loading on the isolation pads. The pads
should be loaded in accordance with the loading rates recommended by the pad
manufacturer for the particular densitlies or durometers involved, In general,
most of these pads are intended for load rates or 30-60 psi, and if they are
underloaded (for example, at less than about 10 psi) they will not be performing
at their maximum effectiveness.

8. TYPE Vv MOUNTING ASSEMBLY (FOR PROPELLER-TYPE COOLING TOWERS)

Large, low-speed propeller-type cooling towers located on roof decks of large
buildings may produce serious vibration in their buildings if adequate vibration
isolation is not provided. In extreme cases, the vibration may be evident two
ox three floors below the cooling towers,

It is recommended that the motor, drive shaft, gear reducer and propeller be
mounted as rigidly as possible on a "unitized" structural support and that this
entire assembly be isolated from the remainder of the tewer with stable steel
springs in accordance with Table 8. Adequate clearance between the propeller
tips and the cooling tower shroud should be provided to allow for starting and
stopping vibrations of the propeller assembly. Several of the cooling tower
manufacturers provide isolated assemblies as described here,

In addition, where the cooling tower is located on a roof deck directly over

an acoustically critical area, the waterfall noise may be objectionable and this
can be veduced with the use of 4 layers of ribbed or waffle-pattern neoprene
located between the base of the cooling tower and the supporting structure of
the building, This latter treatment 1s usually not necessary {f there is af
non-critical area fmmediately under the cooling tower.

A single treatment alternate to the combined two treatments mentioned above is
the isolation of the entire cooling tower assembly on stable steel springs, also
in accordance with Table B. The springs should be in series with at least two
layers of ribbed or waffle-pattern necprene if there is an acoustically criti-
cal arca immediately below the cooling tower (or within about 25 ft horizontally
on the floor immediately under the tower). It may be desirable to provide limit
stops on these springs to limit movement of the tower when it is emptied.

Pad materials, when used, should not be short-circuited by bolts or rigid
connections, Cooling tower piping should be vibration isolated in accordance
with suggestions given for piping.

9. TABLES Of RECOMMENDED VIBRATION ISOLATION DETAILS

A common format is used for all the tables that summarize the recommended
vibration isolation details for the various types of equipment. A brief des-
cription of the format is given here. The reader may refer to any one of the
typical tables included as Tables 2-13,
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The three columns on the left of the table define the equipment conditions
covered by the recommendations: locatlon, ‘rating" and speed of the equipment.
The "rating' 18 piven by a "power" range for some equipment, "cooling capacitcy"
for some and “heating capacity” for some, The rating and speed ranges generally
cover the range of equipment that might be encountered in a typical building.
Subdivisions in rating and speed are made to accomodate variations in the isola-

tion detalls,

The three columns on the right of the table summarize three basic groups of
recommendations: Column 1, the type of mounting (£rom Paragraphs 4-8);

Column 2, the suggested minimum ratio of the weight of the imertia block (when
required) to the total weight of all the equipment mounted on the inertia block;
and Column 3, the suggested minimum static deflection of the isolator to be used,

Regarding the weight of the inertia block, the larger weight of the range given
should be applied: (1) where the nearby critical area is yery criticgl-~such

as Category 1 or 2 areas, (2) where the speed of the equipment is near the lower
limit of the speed range given, or (3) where the rating of the equipment is
near the upper limit of the rating range., Conversely, the lower end of the
weight range may be applied: (1) where the nearby critical ares is less criti-
cal--such as Category 3 or 4, (2) where the speed 15 near the upper limit of

the speed range, or (3) where the rating is near the lower limit of the rating

range.

Regarding the static deflection of the isolators, these minimum values are keyed
to the approximate span of the floor beams; that is, as the floor span increases,
the floor deflection increases; and therefore the isolator deflectlion must in-
crease. The specified minimum deflection Iin effect specifies the type of
isolator that can be used:

Deflection Range Isolator
1/2 in, and over Steel Spring or Air Spring®
0.3 to 0.3 in, Double deflection neoprene-in-shear
0.10 to 0.25 in. Neoprene-in-shear, or l-in, to 2-in.

thick compressed glass fiber pads, or
2 to 4 layers ribbed or waffle-pattern
neoprene pads

The three categories of equipment locatioen are probably obvious, Two other
categories should be mentioned, although they are not specifically listed., If
vibrating equipment is to be supported or hung from the overhead floor slab,
immediately bensath an acoustically critical area, provide the same degree of
vibration isolation as recommended for the location designated as “on upper
floor gbove critical area’. Similarly, if the vibrating eguipment is hung from
an overhead fleoor slab beneath a non-critical area, provide the same vibration

®Air Springs are excellent as low-frequency isolators for speclal problems.
They are not yet considered practical, however, for low-maintenance equip-
ment mounts since they require a pressure-controlled air supply and
oceasional inspection for proper operation.
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isolation as recommended for the location designated as '"on upper floor above
non-critical area",

10, CENTRIFUGAL AND AXIAL-FLOW FANS

The recommended vibration isoclation mounting decails for fans are given in
Table 2, at the end of this section. Ducts should contain flexible connections
at both the inlet and discharge of the fans, and all connections to the fan
assembly should be clearly flexible. The entire assembly should bounce easily
and with little vestraint when one jumps up and down on the unit,

Where supply fan assemblies are located over critical areas, it is desirable to
install the encire inlet casing and all auxiliary equipment (coil decks and
filter sections) on ""floated concrete slabs', The floated slab may also serva
to reduce airborne noise from the fan inlet area into the floor area helow.

Large ducts (cross-section area over 15 sq, £t) that are located within about
30 £t of the inlet or diascharga of a large fan (over 20 HP) should be supported
from the floor or ceiling with resilient mounts having a static deflection of
at least 1/4 1in,

11. RECIPROCATING-COMPRESSOR REFRIGERATION EQUIPMENT

‘The recommended vibration isolation details for this equipment are summarized in

Table 3. These recommendations apply also to the drive unit used with the re-.
ciprocating compressor.

Pipe connections from this assembly to other equipment should contain flexible
connections (see Paragraph 24) and piping should be given resilient support
(see Paragraph 23).

12, ROTARY-SCREW-COMPRESSOR REFRIGERATION EQUIEMENT

The recommended vibration isolation details for this equipment are summarized
in Table 4. Piping to and from this equipment should be given resilient support
(Paragraph 23).

13, CENTRIFUGAL-COMPRESSOR REFRIGERATION EQUIPMENT

The recommended vibration isolation details for this equipment, including the
drive unit and the condenser and chiller tanks, are summarized in Table 5.
Tiping to and from this assembly should be given resilient support (Paragraph 23).

14, ABSORPTION-TYPE REFRIGERATION EQUIPMENT

The recommended vibration isolation details for this equipment are summarized
in Table 6. Piping should be glven resilient support (Paragraph 23).

15. DBOILERS

The recommended vibration {solation details for boilers are summarized in Table 7.
These apply for boillers with integrally attached blowers, but these do not
neceasarily apply to blowers on separate mounts,

Piping should be glven resilient support in accordance with Paragraph 23. A
flexible connection or a thermal expansion joint should be installed in the ex-
haust breaching between the boller and the exhaust stack.

I
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16. STEAM VALVES

Steam valves are usually supported entirely on thelr pipes; refer to Paragraph
23 for the resilient support of piping, including steam valves,

17. COOLING TOWERS

The recommended vibration isolation details for propeller-cype cooling towers
are summarized in Table B. Additional details for the installation are given
in Paragraph 8 which describes the Type V mounting assembly.

The recommended vibration isolation details for centrifugal-fan cooling towers
are summarized in Table 9, Cooling tower plping should be isolated in accord-

ance with Paragraph 23.

18, MOTOR-PUMP ASSEMBLIES

Recommended vibration isolation details for motor-pump units ave summarized in
Table 10, Electrical connections to the motors should be made with long "floppy"
lengths of flexible armored cable, and piping should be resililently supported

as Iin Paragraph 23. For most situations, a good isolation mounting of the piping
will overcome the need for flexible connections in the pipe.

An important function of the concrete inertia block {Type II mounting) is its
stabilizing effect against undue "bouncing! of the pump assembly at the instant
of starting. This gives better long-time protection to the associated piping.,

These same recommendations may be applied to other motor-driven rotary devices
such as centrifugal-type alr compressors and motor-generator sets in the power
range up to a few hundred horsepower,

19, SIEAM TURBINES

Table 11 provides a set of general vibration isolation recommendations for
steam-turbine-driven rotary equipment, such as gears, generators or centrifugal-
type gas compressors. When a steam turbine is used to drive centrifugal-~
compressor refrigeration equipment, refer to the material pgiven in Table 5; and
when it is used to drive reciprocating-compressor refrigeration equipment or
reciprocating~type gas compressors, refer to the recommendations given in Table 3,

Piping associated with the steam turbine and the remainder of the assembly
should be vibration isolated according to FPavagraph 23.

20. GEARS

When a gear is involved in s drive system, vibration isclation should be pro-
vided in accordance with recommendatilons given for either the main power drive
unit or the driven unit, whichever imposes the more stringent isolation: condi-
tions., The more stringent conditions are usually those requiring the largest
inertia block or the largest static deflection for the spring mounts, Tables
3, 5 and 11 may possibly be involved in the comparison,

21, TRANSFORMERS

Recommended wvibration isclation details for indoor transformers are given in
Table 12. In addition, power leads to and from the transformers should be as

flexible as possible.
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a problem, so no vibration isolation is suggested, If vibration should become ﬂﬁ§
X

a problem, the transformer could be installed on neoprene or compressed glass

fiber pads having 1/4 in. static deflection.

22, AIR COMPRESSORS

Recommended mounting details for centrifugal-type alr compressors of less than
100 HP are the same as those given for motor-pump units in Table 10. The same
recommendations would apply fer small (under 10 HP) reciprucating-type ailr
compregsors, For reclprocating-type air compressors (with more than two
cylinders) in the 10-50 HP range, follow the recommendations given in Table 3
for the particular conditions.

l
‘ In outdeor locations, earth-borne vibration to nearby neighbors is usually not
E
i
i
}
|
!
|
1
I

For 10-100 HP one- or two-cylinder reciprocating-type air compressors, the
recommendations of Table 13 apply. This equipment is a potentlally serions
source of low frequency wvibration in a building 1f it is not isolated, In fact,
the compressor should not be located in certain parts of the building, even if
it is vibration lsclated. The "forbidden® lecations are indicated in Table 13.

|
|
!
|
! When these compressors are used, all piping should contain flexible connections
| and the electrical connections should be made with flexible armored cable. Re-
| fer to Paragraph 24 for use of flexible connections and to Paragraph 23 for
.’ regllient pipe supports,
|
|
|
}
|
|
t
|
|
|
[
|
|

23, RESILIENT PIPE SUPPORTS

All piping in the MER that 1s connected to vibrating equipment should be ;s
supported from resilient ceiling hangers or from floor-mounted resilient supperts. efa
As a general rule, the first three pipe supports nearest the vibrating equip~

ment should have a static deflection of at least one-half the static deflection

of the mounting system used with that equipment, Beyond the third pipe support,

the statlc deflection can be reduced to approximately 1/2 in, for the remainder

of the pipe run in the MER,

When a pipe passes through the MER wall, a minimum 1 in. clearance should be
provided between the pipe and the hele in the wall, The pipe should bhe
supported on eithar side of the hole, so that the pipe does not rest on the
wall, The clearance space should then be stuffed with fibrous filler material
and sealed with a non~hardening caulking compound.

Vartical pipe chases through a building should not be located heside acousti-
cally critical areas {Categories 1-3), If they are located beside critical
ateas, pipes should be resiliently mounted from the walls of the pipe chase
for a distance of at least 10 ft beyond each such area.

\ Pipes to and from the cooling tower should be resiliently supported for their

| full length between the cooling tower and the associated MER, Steam pipes
should be resiliently supported for thelr entire length of run inside the

! building, Resilient mounts should have a static deflection of gt least 1/2 in.

In highly c¢ritical arcas, domestic water pipes and waste lines can be isolated
with the use of 1/4 in. to 1/2 in. thick wrappings of felt pads under the pipe

strap or pipe clamp. w
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As mentioned ecarlier, whenever a steel spring ilsolator is used, it should be
in series with a neoprene isolator. For ceilling hangers, a neoprent washer or
grommet should always be included; and If the pipe hangers are near very
eritical areas, the hanger should be a combination hanger that contains both a
stee] spring and g neoprene-in-shear mount,

During inspection, check that the hanger rods are not touching the sides of the
isolator housing and thereby shorting-out the spring.

24, FLEXIBLE PIPE CONNECTIONS

To be at all effective, a flexible pipe connection should have a length that is
approximately 6 to 10 times its diameter, Tie rods should not be used to bolt
the two end flanges of a flexible connection together, Flexible connections are
elther of the bellows-type or are made up Of wire-reintorced neoprene piping,
gometimes fitted with an exterior braided jacket to confine the neoprene., These
connections are useful when the equipment 1s subject to fairly high-amplitude
vibration, such as for reciprocating-type compressors. Flexible connections
generally are not necessary when the piping and its equipment are given thorough
and compatible vibration isolation.

25. NON-VIBRATING EQUIPMENT

When an MER is located directly over or near a critical area, it is usuvally
desirable to isolate most of the "non-vibrating equipment' with a simple mount
made up of one or two pads of neoprene or a 1 in, or 2 in, layer of compressed
glass fiber. Heat exchangers, hot water heaters, water storage tanks, large
ducts and some large pipe stands may not themselves be nolse sources, yet thelir
plpes or their connections to vibrating sources transmit swall amounts of vibra-
tional energy that they then may transmit into the floor. A simple minimum
isolation pad will usually prevent this nolse transfer.

26, SUMMARY

In this section, fairly complete vibration isolation mounting detalls are laid
out for most of the equipment included in an MER, Most of these details have
been developed and proven over many years of use, Although all the entties of
the accompanying tables probably have not been tested in actual equipment in-
stallations, the schedules are falrly self-consistent in terms of various
locations and degrees of required isolation., Hence, the mounting details are
considered quite realistic and fairly reliable. They are not extravagant in
their make-up when censidered {n the light of the extremely low vibration levels
requirad to achieve near-inaudibility,

The noise and vibration control methods given here are designed to be simple to
follow and to put Iinto use, If these methods and recommendations are carried
out,, with appropriate attention to detail, most equipment installations will he
tailored to the specific needs of the building and will give very satisfactory
results acoustically.
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0.02 22 1320 2.7 1.9 114 E
0,04 15.7 940 3.0 1.8 108 'hr‘
0.06 12,8 770 3.4 1.7 102 3

O 0.1 10 600 3.8 1.6 96

0.2 7 420 4.4 1.5 g0

0.3 6.0 360 5 | 1.4 84

0.4 5.0 300 6 1.3 78

0.6 4.0 240 7 1.2 72

0.8 3.5 210 8 1.1 66

1.1 3.0 180 10 1.0 60
1.2 2.8 168 12 0.9 54 iy
1.4 2.6 156 15 0.8 48
1.7 2.4 144 20 0.7 4p @
2,0 2,2 132 27 0.6 36
2.4 2.0 120 39 0.5 30 iﬁ
@,
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TABLE 2
RECOMMENDED VIBRATION ISOLATION MOUNIING DETAILS FOR

CENTRIFUGAL AND AXIAL-FLOW FANS

FQUIPMENT CONDITIONS MOUNTING RECOMMENDATIONS
EQUIPMENT POWER SPEED COLUMN | COLUMIN COLUMN
N LOCATION HRANGE RANGE 1 2 3
ER— wh (REH) 300 [het | 500
K o UNDER 600
: oN UNDER 3 600-1.200 NO IHOLATION REQUIRED
L i GRADE OVER 1200
o SLAB UNDER 600 1"
o 3-25 600-1200 111 — "
; l OVER 1200 Wl
UNDER 600 iy
F 26-200 | 600-1200 111 — 1"
OVER 1200 "
ON UNDER 600 1f1 —
L UPPER UNDER 3 | 600-1200 III —_
S FLOOR OVER 1200 ILI —
o ﬁgg\m UNDER 600 II 2 v [y | 2v
I CRITI‘cAL 3-25 600~1200 11I — 1t oan | 3n
: OVER 1200 I1L —_ 0 wofoan
_ ARER v 0 1 |1y | 2
UNDER 600 11 2 LU I LU VA
26-200 | 600-1200 11 2 v | o2n {3
i OVER 1200 1I 2 oy 2
f ON UNDER 600 It 2 1 | o2n |3
f UPFER UNDER 3 | 600~1200 LIL — o2 [ 30
| FLOOR OVER_1200 IiL — L A
! ABOVE UNDER 600 1T 3 A B T VAT
! CRITICAL 3-25 | 600-1200 1T 2 g | o2n | g
| AREA OVER 1200 II 2 L 1] an
E UNDER 600 II 3 3| 4 5
[ 26~200 | 600-1200 II 2  foagn | g
! OVER 1200 II 2 g e

I

COL 1; MOUNTING TYFE (SEE TEXT)

COL 2: MINIMUM RATIO OF WEIGHT OF INERTTA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD

COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS
IN INCHES FOR INDICATED FLOOR SPAN IN FEET

3-18
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TABLE 3

RECOMMENDED VIBRATICH ISOLATION MOUNTING DETAILS FOR

RECIPROCATING- COMPRESSOR REFRIGERATION EQUIPMENT ASSEMBLY
(INCLUDING MOTOR, GEAR OR STEAM TURBINE DRIVE UNIT)

EQUIFMENT CONDITIONS MOUNTING RECCMMENDATIONS
EQUIPMENT | COOLING SPEED COLUMN | coLumN COLUMN
LOCATION | CAPACITY RANGE 1 2 3

(TONS) (REM) 30! |hot | o

£00-900 III a"

ON 10-50 9011200 Il i

GRADE 1201-2500 II1 1"

SLAB 600-900 I | 2-3 2"

51-175 901-1200 111 2

1201-2400 III "
oN £00-500 It 2-3 2'1‘ KO
UPPER 10~50 §01-1200 II 2-3 1§” 2'1' 3"
FLOOR 1201-2400 II 2-3 " | 2"
ABOVE 600-900 II 3-4 R IR
NON- 51-175 901-1200 II 34 2" | 3" | L"
CRITICAL 1201-24%00 1I 2-3 2" 2" | 3"

AREA

OoN £00-500 11 3-4 g | oy 0
UPPER 10-50 901-1200 I 3-4 R 13" | A
FLOOR 1201-2400 I 2-3 " 2" | 3"
ABOVE 600-900 I bet 3T A" T
CRITICAL 51-175 901-1200 II 3-5 a" " L
AREA 1201-2500 iI 3-4 s ja" | 3"

COL 1; MOUNTING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED IOAD
cCcL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS
IN INCHES FOR INDICATED FLOOR SPAN IN FEET




ROTARY~ SCREW-COMPRESSOR REFRIGERATION EQUIPMENT ASSEMBLY

TABLE 4

RECOMMENDED VIBRATION ISQLATION MOUNTING DETAILS FOR

{INCLUDING MOTOR DRIVE UNIT)

EQUIEMENT CONDITIONS

MOUNTING RECOMMENDATIONS

BQUIPMENT
LOCATION

COOLING
CAPACLTY
(TONS)

SPEED
RANGE
{RPM)

COLUMN | COLUMN
1 2

COLUMY
3

30t | bot l 501

ON
URADE
SLAB

100-500

2koo-h800

IIX

1"

ON
UPFER
FLOOR
ABOVE
NON-

CRITICAL

100-500

2koo-L48o0

III

lll

2“

ON
UPEFER
FIGOR
ABOVE

CRITICAL

AREA

100-500

2400-4B8o0

IT 2-3

l_é_lr

COL 1: MOUNTING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHT OF INERITIA BLOCK TO TOTAL
WELGHT OF SUPPORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS
IN INCHES FOR INDICATED FLOOR SPAN IN FEET




TABLE 5

RECOMMENDED VIBRATION ISCLATION MOUNTING DETAILS FOR

CENTRIFUGAL-COMPRESSOR REFRIGERATION ERUIPMENT ASSEMBLY
(INCLUDING CONDENSER AND CHILLER TANKS AND
MOTOR, GFAR OR STEAM TURBINE DRIVE UNIT)

EQUIPMENT CONDITIONS MOUNTTNG RECOMMENDATIONS
BQUIPMENT | COOLING SPEED COLUMN | coLUMy COLUMN
IQCATION | CAPACITY RANGE 1 2 3
i ON 100-500 | OVER 3000 || III 3/4"
j GRADE
i SIAB
]i 501-2000 | OVER 3000 11T i
O ON
~ UPPER 100-500 OVER 3000 11 bR I L -1
FLOCR
ABOVE
NON- 501-2000 | OVER 3000 11T 3 2" | 3"
CRITICAL| PACKAGED
AREA
501-2000 | OVER 3000 II 2-3 ' a" | 3m
BUILI-UP
oN 100-500 OVER 3000 II 2.3 " a" 3"
UPPER -3 3 - 2
- FLOOR
; ABOVE
CRITICAL] 501-2000 | OVER 3000 I1 3-5 PR -1 3"
AREA

[ B L S P AU INPRBRE IR

CoL 1; MOUNTING TYPE {SEE TEXT)

COL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL

WEIGHT OF SUPPORTED LOAD

€OL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS
N IN INCHES FOR INDICATED FLOOR SPAN IN FEET

5-21
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TABLE 6
RECOMMENDED VIBRATICN ISOLATION MOUNTING DETAILS FOR

ABSORPTION-TYPE REFRIGERATICN FRUIFPMENT ASSEMBLY

IQUIPMENT
TOCATION

COOLING
CAPACITY
~(Tons)

EQUIPMENT CONDITIONS

SPEED
RANGE
(RPM)

MOUNTING RECOMMENDATIONS

COLUMN
1

COLUMN
2

COLUMN

- I
30! llwl I 501

ON
GRADE

ALL SIZES

v

I

SLAB

ON
UPPER
FIQOR

ALL SIZES

Il

_alll 3/1‘_" l"

ABOVE
NON-
CRITICAL

ON
UPPER

ALL SIZES

III

l“ l‘%‘“ 2"

FLOOR

ABOVE
CRITICAL

AREA

COL 1:
COL 2:

MOUNFING TYPE (SEE TEXT)
MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL

WEIGHT OF SUPPORTED LOAD

COL 3:

MINIMUM STATIC DEFLECTION OF ISOLATOR

IN INCHES FOR INDICATED FLOOR SPAN IN FEET

5-22
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TABLE 7
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR

BOILLERS
- EQUIPMENT CONDITIONS MOUNTING RECOMMENDATICNS
EQUIFMENT | HEATING SPEED COLUMN | COLUMN COLUMN
LOCATION | CAPACITY RANGE 1 2 3
R (BHP) (RPY) 30°' |k | 5ot
o ON UNDER 200 - NOT RFQUIRED
! GRADE
. | SLAB
; 200-1000 v 1/8"
L I
l-.” v B ;
P, OVER 1000 v /4"
4 oN
Q UPPER | UNDER 200 III /8" " 4"
FLOOR
: ABOVE
LU, NON- 200. 1000 ITI in 1h u
e CRITICAL i R
OVER 1000 111 g A" oan
ON UNDER 200 III U LN L
UPFER 3
FLOOR .
ABOVE
CRITICAL! 200-1000 TI1 L .1%" PU
ARFA
. OVER 1000 III 1" | en
COL 1: MOUNTING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD
\:“) COL 3: MINIMUM STATIC DEFLECTION OF ISOLATOR
. IN INCHES FOR INDICATED FLOOR SPAN IN FEET
5-23
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TABLE 8

PROPELLER-TYPE COOLING TOWERS
(WHERE SEVERAL TOWERS ARE PLACED AT THE SAME GENERAL. LOCATION,
USE POWER RANGE FOR TOTAL POWER OF ALL TOWERS)

RECOMMENDED VIBRATTON ISCLATION MOUNTING DETAILS FOR

EQUIFMENT CONDITIONS

MOUNTING RECOMMENDATIONS

EQUIPMENT |  POWER FAN COLUMN | COLUMN COLUMN
IOCATION RANGE SPEED 2 2 3
() | (eew) = T T 5o
ON VIBHATION ISOLATEON USUALLY NOT REQUIRED
GRADE
SIAB
QUTSIDE
THE
BULLDING
ON 150-300 5" | sprijas
UPPER UNDER 25 301-600 V INS[ALL 3" myNBE
FLOOR OVER 600 2EE 3" | 1opAlTED
ABQVE M
NoN- 150-300 ATTHCHED 6-. UN
CRITICAL 25-150 301-600 v 0 h" £s v
ARFA OVER 600 BUTILDING 3 i” L
150-300 COTUMNS 6" | “no
OVER 150 301-600 v Y 5" | pa
OVER 600 L
ON
UPPER | &
FLOOR SAME AS FOR LOCA[NION ABOVIE NON-
ABOVE CRITICAL AREA, EXCEET INSTALL
CRITICAL RIBHID OR WAFFLE-PATTERN NEOPRENE
AREA BETMEEN TOWER BUILDING.
COL 1: MOUNTING TYPE (SEE TEXT),

COL 2:

WEIGHT OF SUPPORTED IQAD

COL 3:

IN INCHES FOR INDICATED FLOOR SPAN IN FEET

5«24
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TABLE 9

RECCMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
CENTRIFUGAL-TYPE COOLING TOWERS
(POWER IS TOTAL OF ALL FANS AT THE SAME GENERAL LOCATICN)

MOUNTING RECOMMENDATIONS

EQUIPMENT CONDITIONS

BQUIEMENT | POWER FAN COLUMN | COLUMN COLUMN
IOCATION RANGE SPEED 1 2 3
(HP) (RPM) 300 kot | se
oN VIBRATION Isomm'or'usuanm NOT REQYIRED
GRADE
SLAB
OUTSIDE
THE
BUILDING
ON 450-900 A T L -
UPFPFR UNDER 25 | 901-1800 111 3/ I "
FLOOR OVER 1800 34" At | 14"
ABOV'E hso-goo l%" 1 3"
NON- 25-150 5011800 I1x 1" e
CRITICAL OVER 1800 3/ At 1A
ARFA
hso-goo 2" t ull
OVER 150 901-1800 1II 3" 2" | 3"
OVER 1800 oM a
ON 450-900 13" 271 3"
UPPER UNDER 25 | 901-1800 111 S R 4 -1
FLOOR OVER 1800 /4" " |
ABOVE h50-900 an t L
CRITICAL| 25-150 501-1800 111 15" 2" | 3"
AREA OVER 1800 o e
1‘50‘__900 §Il 1+ll 6II
OVER 150 | 901-1800 111 =" oan | 3"
OVER 1800 1 13 2¢

COL 1
COL 2:

MOUNTING TYPE (SEE TEXT)
MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL

WEIGHT OF SUPPORTED ILOCAD

oL 3:

MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS

IN INCHES FOR INDICATED FLOOR SPAN IN FEET

s e R L g, " :

5-25
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TABLE 10
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR

MOTOR-~PUMP ASSEMBLIES

EQUIPMENT CONDITIONS MOUNTENG RECOMMENDATIONS
_ EQUIPMENT POWER SEEED COLUMN | COLUMN COLUMN
o 1OCATION RANGE RANGE 1 2 3
| (r) (reM) 300 |ko' | so!
; 450900 II f li-2% 13"
Co ON UNDER 20 901-1800 II OR 11T 2% 1%"
5 GRADE 1801-3600 || II OR JII 2% 1
| SLAB bso-g00 || 1™ | 2-3 15
; 20-~100 901-1800 T jli-2 '
| 1801-3600 Ir |22 3/
f 450~900 I 2.3 a"
i OVER 100 9011800 II 2-3 14‘}{"
| 1801-3600 I |12k 1
; oN 450-900 IT 2- Zl.%-" ah | 3"
; UPPER UNDER 20 901-1800 s 1;-2 1 1Am "
FLOOR 1801-3600 I |l3.2 /WA 1"
_ ABOVE 450-900 11 2.3 | em | 3¢
NON- 20-100 901-1800 b 2. it | oagn| 2
' CRITICAL 1801-3600 || II 132 1 | agv| e
AREA
, 50-900 I 3-4 2" L
i OVER 100 901-1800 II 2-3 h 2L -
; 1802-3600 IT 2-3 1" | v e
i ON 450-900 II e -l I
a upPER | UNDER 20 901-1800 I 2.3 1 14| a®
FLOOR 1801-3600 | - II 2-3_ |3/ | 2% | "
ABOVE h50-900 iI 3-4 2 [ 3" i
CRITICAL| 20-100 901-1800 II 2-3 1—%" a2t 3"
i AREA 1801-3600 | II 2.3 | 1t | 13" 2
E u50_900 II 3_1‘ 3" hll 51!
j OVER 100 901-1800 11 2-3 2" | 3" |
‘ 2801-3600 11 2-3 | 1d"| 2" | 3"

COL 1: MQUNTING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHT OF INERTTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS
IN INCHES FOR INDICATED FLOOR SEAN IN FEET

5-26



TABLE 1l

STEAM-TURBINE-DRIVEN ROTARY EQUIPMENT,
SUCH AS GEAR, GENERATOR OR GAS COMPRESSOR
USE TAALE 3 FOR RECIP, COMPR. DRIVEN BY STEAM TURBINE;
USE TABLE 5 FOR CENTR, COMPR, DRIVEN BY STEAM TURBINE)

RECOMMENDED YIBRATION ISOLATION MOUNTING DETAILS FCR

EQUIPMENT CONDITIONS

MOUNTING RECOMMENDATIONS

EQUIPMENT POWER SPEED COLUMN | COLUMN COLUMN
TOCATION RANGE RANGE 1 2 3
(HP) (rPM) 30! (% | 50t
oN 500-1500 | OVER 3000 TII A
GRADE
SIAB
1501-5000 | OVER 3000 II1 13"
5001-15000 | OVER '3000 III a"
ON
. UPPER 500-1500 | OVER 3000 II 2-3 IR L -L
FLOOR
ABOVE
NON~ 1501-5000 OVER 3000 II 2- " oan "
CRITICAL 3 3 w2 3
AREA
5001-15000 | OVER 3000 Ir 2.3 ar | 3" Lo
OoN 500-1500 | OVER 3000 Iz n ni an
FLOOR
ABOVE
CRITICALI 1501-5000 OVER 3000 II 3.5 l'é-" U 3n
ARFA
5001-15000 | OVER 3000 1T 345 2" 3" |y
COL 1: MOUNTING TYPE (SEE TEXT)

COL 2:

WEIGHT OF SUPPORTED LOAD

CoL 3:

IN INCHES FOR INDICATED FLOOR SPAN IN FEET

5-27
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TABLE L2

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR

TRANSIORMERS

EQUIPMENT CONDITIONS . MOUNTENG KECOMMENDATIONS
BQUIPMENT FOWER SPEED COLUMN | coLumn COLUMN
10CATION RANGE - RANGE 1 2 3

{xva) (REM) 30t I[wl ' 501
- "
oN UNDER 10 Iv 1/8
GRADE
SLAB
10-100 v 1/8"
OVER 100 v 1/
ON
UPPER | UNDER 10 v 1/8%) 4" | 4"
FLOOR
ABOVE
NON= " u it
cRITICAL| 10-100 111 M d 3
AREA
OVER 100 III il I S A
ON (] ] "
UPPER | UNDER 10 III PUNIE U VN
FLOOR
ABOVE
CRITICAL| 10-100 11T A" |3/ a®
ARFA
OVER 100 111 At |

COL 1: MOUNTING TYPE (SEE TEXT)

COL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD

COL 3: MINIMUM STATIC DEFLECTION OF ISOLATORS
IN INCHES FOR INDICATED FICOR SPAN IN FEET

5-28
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TABLE 13

RECOMMENDED VIBRATION ISCLATION MOUNTING DETAILS FOR

ONE~ OR TWO-CYLINDER RECIPROCATING~-TIYPE ALR COMPRESSORS

IN THE 10~100 HP SIZE RANGE

EQUIPMENT CONDITIONS MOUNTENG RECOMMENDATIONS
EQUIEBMENT POWER SPEED COLUMN | COLUMN COLUMN
LOCATION RANGE RANGE 1 2 3

(HP) (RPM) 30! I}_}oi I 50"
300-600 I 4.8 e
ON UNDER 20| 601-1200 I 2.4 a"
GRADE 1201 22400 I 1-2 1"
STAB 300-600 I 8-10 5¥
202100 601-1200 1 3-6 3
12012400 1 2-3 "
ON 300600 N{T RECOMMENDED
UPFPER UNDER 20 | 601-1200 I 3-6 L' | No® } NOw
FIGOR 1201-2400 I 2.3 gt L 1 Nom
rovn 300-600 NOT RECOMMENDED
CRITICAL 20100 601-1200 NOT REGO ;nlm .
ARIA 1201-2400 I 3-6 3. 6" | now
oN 300-600 NOT RECO! ED
UPFER UNDER 20 £01-1200 NOT RECO] ED :
FLOOR 1201.~2400 1 3-6 NO®| No®
ABOVE
CRITICAL] 20-100 300-2400 NOT RECOMMENDED
AREA

COL 1: MOUNTING TYPE (SEE TEXT),
COL 2: MINIMUM RATIC OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPCRTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS
IN INCHES FOR INDICATED FLOOR SPAN IN FEET
% "RO" INDICATES "NOT RECOMMENDED" FOR THIS COMBINATION OF CONDITIONS

5=29
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APPENDIX A

DATA FORMS

The procedures offered in this manual are summarized in a series of
Data Forms, which, when filled in, provide simple and convenient
forms for calculation and documentation of moat of the acoustical
aspects of the mechanical system design for airborne noise control.
Blank copies of the Data Forms are given in this Appendix, and they
can be reproduced and used for any particular analysis.
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DATA FORM 1

ROOM CONSTANT OF SQURCE ROOM OR RECEIVER ROOM

ROOM NO. OR DESIGNATION

1, AVERAGE ROOM DIMENSIONS (IN FT,)

LENGTH WIDTH HEIGHT
2. VOLUME OF ROOM cu, FT,
3, TOTAL INTERICR SURFACE AREA OF ROOM 8Q. FT.
4. AREA OF PLANNED ACOUSTIC TREATMENT#* 5Q. FT.
5, PERCENI AREA COVERED BY ACOUSTIC TREATMENT %

(100 x Item 4/Item 3)

6. "ROOM LABEL" FOR ITEM 5 FROM TABLE 1A, CHAPTER 4

7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIG, 2, CHAPTER 4
5qQ. FT, FOR 500 - 8000 Hz

R =

8, CHECK ACOUSTIC ABSORPTION TREATMENT:

NONE OR
NRC = (.65 -~ 0,74

THEN, FOR 31 Hz
63 Hz
125 Hz
250 Hz

0,2 R =
0.2R =
0.3 R =
0.5R =

0.2R =

NRC = ©.75 ~ 0.85

0.3R=
0.5R=
0.BR=
#

f

9, ROOM CONSTANT FOR ALL OCTAVE BANDS, IN SQ, FT.
(Repeat appropriate values from Items 7 and 8)

OCTAVE FREQUENCY BAND IN Hz

31 63

125

250 500 1000 2000 4000

8000

#idd 50% of floor area to Item & if floor is carpeted or has drapes
or upholstered furniture. Treat this as NRC = 0,65 material.

#Add to all bands any area always opén to the outside, 1.e., having

100% absorption.
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DATA FORM 2 SHEET 1
MECHANICAI, EQUIPMENT ROOM SPL DUE TO EQUIPMENT

EQUIPMENT IDENTIFICATION
TYPE HP RPM

QCTAVE FREQUENCY BAND IN Hz
31 l 63 I 125 I 250 I 500 LlODO l 2000 l 4000 | 8000

1, SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM CHAPTER 3 TABLES OR OTHER
SOURCE

! | { | l ] i I ] |

2, SPECIAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA.
EXPLAIN:

L[ L1 | | I l

3. RESULTING SPL AFTER ADJUSTMENIS

L 1 & [ 1 1}

4, DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF INTEREST
(ALL DISTANCES IN FI).

NORTH SOUTH EAST WEST
WALL WALL WALL WALL
(*Assume 3 £t unless
CEILING FLOOR* different)
SURFACE "A" (IDENTIFY): DISTANCE
SURFACE "B" (LDENTIFY): DISTANCE
SURFACE 'C"" (IDENTIFY): DISTANCE
SURFACE "D'* (IDENTIFY): DISTANCE

5, ROOM CONSTANT FOR THIS ROOM (FROM ITEM 9 OF DATA FORM 1)

(T T T T 1T T T T ]




DATA FORM 2 SHEET 2

MECHANICAL EQUIFMENT ROOM SPL DUE TO EQUIPMENT (CONT.)

OCTAVE FREQUENCY BAND IN Hz
31 [ 63J 125 |250 l 500 1000 2000 l 4000 l 8000

6. SPL REDUCTION FOR VARIOUS DLSTANCES AND ROOM CONSTANIS, FROM TABLE 2
OR FIGURE 1 OF CHAPTER 4 (FILL IN SPACES ONLY FOR SURFACES OF
INIEREST)

A NORTH
SOUTH
EAST
WEST
CEIL,
FLOOR#
IJA"
llBll

L_J teH
nper

#Floor value is "0'" for all bands, if distance is 3 ft

7. SPL AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT ONLY
(ITEM 7 = ITEM 3 - ITEM &)

NORTH
S0UTH
EAST
WEST
CEIL,
FLOOR
wn
ngo
ngh
npt

+
A b e M g,y U T e e . . e e e




DATA FORM 3

SUMMATION OF SPLs DUE TO ALL EQUIPMENT
IN MECHANICAL EQUIPMENT RODM (MER)

MER NO, OR DESIGNATION
CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH D SOUTH EAST WEST CELL- FLOOR l:l
WALL WALL WALL WALL ING

OR OTHER SURFACE DESIGNATION

IN NUMBERED SPACES BELOW, IDENIIFY EQUIPMENT WHOSE NOISE LEVELS CONTRI-
BUTE TO TOTAL SPL AT INDICATED WALL OR SURFACE. IN SPL SPACES, INSERT
SPL VALUES AT THAT SURFACE DUE TO THAT EQUIPMENT, AS TAKEN FROM ITEM 7
OF DATA FORM 2,

OCTAVE FREQUENCY BAND IN Hz

31, | 83 | 125 J 250 | s00 ] tooo | 2000 ] 4000 [ 8000
T T T 1T T T T T ]
T I T 1T T T
B A e S RN R N RO A
T T T T T T T
5.

NN AN NN A N N BN N

6, TOTAL SPL AT INDLCATED WALL OR SURFACES DUE TO ABOVE EQUIPMENT,
USING DECIBEL SUMMATION RULES OF TABLE 18, CHAP, 3, FOR FLOOR,
USE HIGHEST READING IN EACH BAND FROM ITEMS 1-5.

.+ | [t [ [ [ 1 ]

........
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DATA FORM 4

SOUND TRANSMISSION FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

SOUND SOUND
TRANSMEITTING RECEIVING
ROCM ROOM

OCTAVE FREQUENCY BAND IN Hz
31 [ &3 [ 125 ] 250 [ 500 | looo | 2000 ] 4000 ] 8OO0

1. AREA S, OF COMMON TRANSMITTING WALLI:j or rLoor[_J
X = 80, FT,

2, ROOM CONSTANT R, OF REC. RM; ITEM 9 OF DATA FORM 1

- v ;¢ {1 1 1

3. RATIO 5,/Ry (ITEM 1 / LTEM 2)

4, WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM TABLE 14,
CHAPTER 4

.t ¢ ¢+ [ ;v §

5, PROPOSED WALL OR
FLOOR CONSTRUCTION

6, "IL!" OF PROFOSED WALL OR FLOOR. SEE CHAPTER 4 TABLES FOR WALL TLsa
AND FLOOR~-CEILING TLs,

L} ] I I L |

7. "NR" OF PROPOSED WALL OR FLOOR, NR = TL + C
ITEM 7 = ITEM 6 + ITEM 4

I I L | I I |1

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM 6 OF DATA FORM 3 FOR ALL
EQUIPMENT CONTRIBUTIONS OR APPROPRIATE LINE OF ITEM 7 OF DATA FORM 2
IF FOR CONLY ONE PIECE OF EQUIPMENT

¢ [ | I I 1

9, SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED THROUGH WALL OR
FLOOR OF ITEM 5 ABOVE.
SPLREC. RM, = SPLMER - NR. ITEM 9 = ITEM 8 - ITEM 7

Y I NN I | I L]
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DATA FORM 5
COMPARISON OQF ROOM SPL WITH NOISE CRLITERION

SOUND RECEIVING ROOM

OCTAVE FREQUENCY BAND IN Hz

31 | 63 | 125 ] 250 ]| soo | 1o0o | 2000 | 4000 | 800D

1, APPLICABLE ROOM CATEGORY NO, FROM TABLE 2 OF CHAP., 2
2, SUGGESTED NOISE CRITERION FCR ROOM: NC-

3. SPL VALUES CORRESPONDING TO NC VALUE OF ITEM 2; FROM TABLE 1 OF
CHAP, 2,

T
RTELTY]
Sl

p ity

4, PROPOSED WALL OR FLOOR
CONSTRUCTION BETWEEN MER
AND REC, RM; FROM ITEM 35
OF DATA FORM 4

5. SPL IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 9 OF DATA FORM 4

L1 | I | | || [

6, COMPARISON OF ITEM 5 WLITH ITEM 3 ABOVE, IF ITEM 5 SPL EXCEEDS
ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE AMOUNT OF THAT EXCESS
IN THE APPROPRIATE SPACE BELOW

L1 1 I l ! [

7. IF THERE IS NO NOISE EXCESS IN ANY BAND, WALL OR FLOOR DESIGN 1S5
PREFERRED, CHECK HERE

8., IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES IN ANY
BAND, WALL OR FLOOR 1S ACCEPTABLE, CHECK HERE

Lol o o ds To Fo |2 Jo |

9, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND, WALL OR
FLOOR 1S MARGINAL, CHECK HERE l I

|5-7 l5~7 I 5-7 I 46 I 3-5' 3-5 I 3~5 J -5 |3-5

10. IF NOISE EXCESS IS GREATER THAN ITE VALUES IN ANY BAND, WALL OR
FLOOR IS UNACCEPTABLE, CHECK HERE
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DATA FORM 6

ESTIMATED SPL AT 3 FT DISTANCE LINDOORS WHEN
SOURCE PWL IS KNOWN

EQUIPMENT IDENIIFICATION
TYPE HP RPM

OCTAVE FREQUENGY BAND IN Hz
31 | 63 f 125 T 250 [ soo J iooo | 2000 | 4000 [ 8000

1. PWL FOR EQUIPMENT IN DB RE 10"12 WATT., IF PWL IS REFERRED TO 10~1°
WATT, SUBTRACT 10 DB FROM ALL VALUES,

Pt I I T |

2, APPROXIMATE OVERALL DIMENSIONS OF EQUIPMENT, IN FEET. IGNORE ANY
PORTION OBVIOUSLY NOT PRODUCING OR RADIATING NOISE,

LENGTH WIDTH HEIGHT

3., ADD THE THREE DIMENSIONS OF ITEM 2; DIVIDE THE SuUM BY 6, THE RESULT
1§ AFPROXIMATELY THE "RADIUS" OF THE EQUIPMENT,

SuM DIVIDED BY 6 = FT.
4, ADD 3 FI TO THE ITEM 3 VALUE. THIS GIVES APPROXIMATELY A DISTANCE
OF 3 FT FROM THE ASSUMED MACOUSTIC CENTER'" OF THE UNIT,
ITEM 3 + 3 = FT,

5. ROOM CONSTANT OF MECHANICAL EQUIPMENT ROOM, FROM ITEM 9 OF DATA FORM 1

L | I I I I [ 1 | I

6, DEIERMINE "RELATIVE SPL' FROM FIG, 1 OF CHAP, 4 FOR THE DISTANCE
DIMENSIONS OF LTEM 4 ABOVE, FOR EACH OF THE ROOM CONSTANT VALUES OF
ITEM 5 ABOVE. INSERT "REL SPL'' AND PROPER SIGN (+ OR ~) IN SPACES
BELOW.

Lt 11 b ¢t ¥ T ]

7. APPROXIMATE SPL AT 3-FT DISTANCE, SPL = PWL 4+ REL SPL, ITEM 7 =
ITEM 1 + ITEM 6 (CAUTION: KEEP CORRECT SIGNS!) THIS SPL AT THE
NORMALIZED 3-FT DISTANCE MAY BE INSERTED INTO ITEM ) OF DATA FORM 2
AND THLIS EQUIPMENT GIVEN THE SAME TREATMENT AS ALL OTHER INDOOR
EQUIFMENT IN THE ANALYSLS PROCEDURE,

L1 | I L | | |

P

i

oA



DAT4A FORM 7

NOISE ESCAPE THROUGH OPENINGS IN SOURCE ROOM

ROOM IDENTIFICATION

OCTAVE FREQUENCY BAND IN Hz
a1 [ 63 § 125 | 250 | 500 [ tooo | 2000 | 4000 | sooo

1. SPL AT OPENING

[ I ] | |

2. AREA OF NOISE ESCAPE OPENING: 8Q. FT

3. "AREA FACTOR" FROM TABLE 19 OF CHAP. 3 FOR ITEM 2 AREA; SAME VALUE
FOR ALL FREQUENCY BANDS,

I I [ | I [ ]

4, PWL OF NOISE AT OPENING (IN DB RE 10"1'2 WATT), ITEM 4 = ITEM 1 +
LTEM 3

S IR AN N NN N N N

5, ATTENUATION INSERTED IN PATH TO OUTSIDE (MUFFLER, LINED DUCT, LINED
BEND,ETC.---FROM MUFFLER MFGR, ASHRAE GUIDE, ETC.)

L 1 1 Ut 1 T "[T 1]

12

6. PWL OF ESCAPING NOISE (IN DB RE 10 "~ WATT). ITEM 6 = ITEM 4 - ITEM 5

L1 1t f§ o 1T |
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(‘j DATA FORM 8

ESTIMATED OUTDOOR SOUND PRESSURE LEVEL (SPL)
DUE TO AN OUTDOOR SOUND SOURCE PWL

1, DISTANCE FROM NOISE SOURCE TO CRITICAL NEIGHBOR: FT.

OCTAVE FREQUENCY BAND IN Hz
31 | 63 | 125 | 250 | so00 | 1ocoo ] 2000 | 4000 [ 8000

2, TOTAL PWL OF ALL QUIDOOR NOISE SQURCES AT SOURCE FOSITION

T T T 1T T 1T T 1T 7]

3., QUTDOOR DISTANCE TERM FROM TABLE 2] OR 22 OF CHAPTER 4 FOR ITEM 1
DISTANCE

I [ I - ]

4, TENTATIVE OUTDOOR SPL AT DISTANCE OF ITEM L:
(ITEM 4 = ITEM 2 - ITEM 3)

L1 | l [ | |1 L

5. ATTENUATION OF BARRIER, IF ANY (TABLE 23, CHAPTER 4)

1 | I [ 1 | I

6. ATTENUATION OF WOODS, IF ANY (TABLE 24, CHAPTER 4)

L | I | I |

7. OTHER ATTENUATION, IF ANY

LI l I I | ]

8. ESTIMATED OUIDOOR SPL AT NEIGHBOR POSITION (ITEM 8 = ITEM 4 - ITEM 5 -
ITEM 6 - ITEM 7)

L1 1 I I {1

&

L.l

O T P S NI BN SRR




DATA FORM 9 0 A'
et
CRITERION SPL FOR CRITICAL NEIGHBOR ;

CRITICAL CRITICAL TIME:
NELIGHBOR DAY NIGHT

OCTAVE FREQUENCY BAND IN Ha )
31 [ 63 | 125 | 250 | so0 | 1000 | 2000 | 4000 [ sooo

1, OUTDOOR BACKGROUND SPL AT NEIGHBOR (FRCM BACKGROUND MEASUREMENTS OR
FROM TABLES 4 AND 5, CHAPTER 2)

eyl
[FE | | | | | ] | |

2, LET EQUIPMENT NOISE EXCEED BACKGROUND BY dB
(SEE PARAGRAPH 5 OF CHAPTER 2 FOR DISCUSSION)

3. TENTATIVE OUTDOOR SPL CRITERION (ITEM 1 + ITEM 2)

NN N DN NN NN AN N N

4, RECCMMENDED INDCOR SPL CRITERION FOR NEIGHBOR FROM TABLE 2 OF
CHAPIER 2: 'NC- H

5. OCTAVE BAND SPL FOR ITEM 4 '"NC" CURVE FROM TABLE 1, CHAP, 2,

A I | [ | I 1

6. APPROXIMATE ROISE REDUCTICN PROVIDED BY NEIGHBOR'S BUILDING, FROM
TABLE 6 OF CHAPTER 2,

A N Y N I I N R B
7. TENTATIVE OUTDOOR SPL CRITERION (ITEM 5 + LITEM §) L

LI I T T ¥ 1T T ]

8. FINAL OUTDOOR SPL CRITERION. LOWER SPL IN EACH OCTAVE BAND FROM
ITEMS 3 AND 7 1S CONSERVATIVE CRITERION,

I S S N N I




Q DATA FORM 10
COMPARILSON OF OUTDOOR SPFL WITH NEIGHBOR CRITERION SPL

CRITICAL NEIGHBOR

OCTAVE FREQUENCY BAND IN Hz
31 | 63 [ 125 [. 250 1 _s00 | 1000 [, 2000 [, 4000 b 8000

1. CUTDOOR CRITERION SPL FOR CRITICAL NEIGHBOR (FROM ITEM 8 OF DATA
FORM 9)

N N N AN U A N N

; 2, ESTIMATED OUTPOOR SPL AT NEIGHBOR POSITION
: (FROM ITEM 8 OF DATA FORM 8)

3, IF ITEM 2 SPL EXCEEDS ITEM 1 SPL IN ANY BAND, INSERT THE AMOUNT OF
THAT EXCESS IN THE APPROPRIATE SPACE BELOW

CT T T T T T T T |

4, IF THERE IS NO NOISE EXCESS IN ANY BAND, NOILSE CONDITION IS
PREFERRED, CHECK HERE D

5, IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWLING VALUES IN ANY
BAND, CONDITION 1S ACCEPTABLE, CHECK HERE

Lo a4 |5 l2 |2 |2 B 2 |

6, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND, CONDITION
IS MARGINAL. CHECK HERE

! 5-7 I 5-7 | 5-7 |!+-6 I 3-5 |3-—5 I 3-5 I 3-5 l 3-5 I

7. IF NOLSE EXCESS IS GREATER THAN ITEM & VALUES IN ANY BAND, CONDITION
I§ UNACCEPTABLE, CHECK HERE
CONSIDER ALTERNATE APPROACHES OR POSSIBLE NOISE REDUCTION MEASURES,

{
!
S



DATA FORM 11
ESTIMATED SOUND POWER LEVEL (PWL) OF

RECIPROCATING ENGINE CASING NOISE

1. CONTINUOUS RATING OF ENGINE: HP OR KW

2. ENGINE SPEED: REM

3, FUEL: GAS ONLY /7 LIQUID ONLY / /  GAS AND LIQUID / _/

FREQUENCY BAND IN Hz
g3 I 135 T-%s0 | 500 1 1000 | 2000 | 4000 1 800C

4, BASE PWL FROM TABLE B, CHAPTER 3, FOR ITEM 1 RATING:

| I I | I I

5. SPEED CORRECTION FROM TABLE 8, CHAPTER 3, FOR ITEM 2 SPEED:

6. FUEL CORRECTION FROM TABLE 8, CHAPTER 3, FOR ITEM 3 FUEL:

L | . | | I I

7. ESTIMATED PWL (in dD re 10-12 watt) OF CASING NOLSE;
(ITEM 7 = ITEM &4 4+ ITEM 5 + ITEM 6)
CAUTION: KEEP SIGNS CORRECT!

L1 [ 1 | I I I




7y

g’

-

O

L L T N N ST

DATA FORM 12

ESTIMATED SOUND POWER LEVEL (PWL) OF
UNMUFFLED RECIPROCATING ENGINE EXHAUST NOISE

1. CONTINUCUS RATING OF ENGINE: HP, OR KW

2. AIR INTAKE: TURBOCHARGER /_/,  NO TURBOCHARGER /_/

3. EXHAUST PIPE LENGTH: FT

FREQUENCY BAND IN Hz

63 1 125 | 250 § 500 _{ 1000 3 2000 4 4000 | 8000

4. BASE PWL FROM TABLE 9, CHAFTER 3 FOR ITEM 1 RATING:

L1 [ | I I l

5, TURBOCHARGER CORRECTION FROM TABLE 9 FOR LTEM 2 AIR INTAKE:

6. EXHAUST PIPE LENGIH CORRECTION FROM TABLE 9 FOR ITEM 3 T.ENGTH:

7. ESTIMATED PWL (in dB re ll.'.'l.12 watt) OF UNMUFFLED EXHAUST NOISE
(ITEM 7 = ITEM 4 + ITEM 5 + ITEM 6)
CAUTION: KEEP SIGNS CORRECT!

LI | | l ! 1

EPENE R,

ErS



DATA FORM 13
ESTIMATED SOUND POWER LEVEL (PWL)

OF UNTREATED TURBOCHARGER NOISE AT
AIR INLET OPENING OF RECLPROCATING ENGINE

1, CONTINUOUS RATING OF ENGINE: HP OR KW

2, INLET AIR DUCT LENGTH: FTI

FREQUENCY BAND IN Hz ,
63 | 125 | 250 f 500 [ 1000 § 2000 | 4000 | &ooo

3, BASE PWL FROM TABLE 10, CHAPTER 3 FOR ITEM 1 RATING:

Y A l | | l

4. INLET AIR DUCT LENGTH CORRECTION FROM TABLE 10, CHAPTER 3 FOR ITEM 2
LENGTH:

1 I ! | | l ]

5. ESTIMATED PWL (in dB re 10”12 watt) OF UNTREATED TURBOCHARGER NOLSE
(ITEM 5 = ITEM 3 + ITEM 4)
CAUTION: KEEP SIGNS CORRECT!

1 l I I l I I 1

i
ot
i



e DATA FORM 14 SHEET 1

L

ESTIMATED SOUND POWER LEVEL (PWL) OF CASING,
EXHAUST AND INTAKE NOISE OF GAS TURBINE ENGINE

1. CONTINUOUS RATING OF ENGINE: HP OR KW

2. ENGINE CASING COVER: NONE / / OR TYPE FROM TAELE 11, CHAP, 3

3. EXHAUST DUCT: ROUND / /, RECTANGULAR / / , LENCTH FT,
DUCT LINING: TYPE FROM TABLE 29, CHAP. U4
DUCT TURNS:  NO. TYPE FROM TABLE 30, CHAP, 4

4, INTAKE DUCT: ROUND /7, RECTANGULAR / / , LENGTH FT.

I ' DUCT LINING: TYPE FROM TABLE 29, CHAP, &4
‘ DUCT TURNS:  NO, TYPE TROM TABLE 30, CHAP, &
5. EXHAUST MUFFLER SUPPLIED: YES / / NO /7
6. INTAKE MUFFLER SUPPLIED: YES / / No /7
N FREQUENCY BAND IN Hz A
< 63 | 125 | 250 ] so0 } 1000 | 2000 | 4000 | 8000
—

S 7. PHL (in dB re 10”2 watt) OF CASING NOLSE FROM TABLE 11 OF CHAPTER 3

FOR ITEM 1 RATING:

I I | I I I I I

8. NOLSE REDUCTION PROVIDED BY CASING COVER (IF ANY) OF ITEM 2 AS
ESTIMATED IN TABLE 11, CHAP. 3 FQOINOIES:

S IS IS U DU U U

9, PWL OF CASING NOISE WITH COVER (IF ANY)
ITEM 9 = ITEM 7 -+ ITEM 8
CAUTION: KEEP SIGNS CORRECT!

. 1 | I I |

10. WL {in dB re 10-12 watt) OF EXHAUST NOISE FROM TABLE 124, OF
CHAPTER 3 FOR ITEM 1 RATING:

T 1 I | I I I |

} {continued on Sheet 2)

A AR P e e e B e e s v e e

N T T TR



DATA FORM 14 (continued) SHEET 2 v

FREQUENCY BAND IN Wz -
63 | 125 ] 250 | so0 | 1000 | 2000 | &000 [ 8000

11. ATTENUATION PROVIDED BY EXHAUST DUCT AND TURNS OF ITEM 3, FROM
TABLES 29 AND 30 OF CHAPTER & OR FROM ASHRAE GUIDE
{Include hot temperature correction);

NS AN P S I (N I

INSERTION LOSS OF EXHAUST MUFFLER OF ITEM 5, IF PROVIDED (use
muffler manufacturer's data for appropriate bands, corrected for
exhaust temperature):

-t & I - {. J. T. |

13. PWL QF EXHAUST NOISE OUT OF DUCT AND MUFFLER (AS APPLICABLE)
ITEM 13 = ITEM 10 + ITEM 11 + ITEM 12
CAUTION: KEEP SIGNS CORRECT!

| | I I | I |

14. PWL (in dB te 10712 watt) OF AIR INTAKE NOISE FROM TABLE 12B OF 4
CHAPTER 3 FOR ITEM 1 RATING @ -

L1 L I I I I I

ATTENUATION PROVIDED BY INTAKE DUCT AND TURNS OF ITEM 4, FROM
TABLES 29 AND 30, CHAP, 4, OR FROM ASHRAE GUIDE:

| ) 16, INSERTION LOSS OF INTAKE MUFFLER OF ITEM &, IF PROVIDED (use
muffler manufacturer's data for appropriate bands):

| - f- (-} . 1. T ]

12

15

I 17. PWL OF INTAKE NOLSE OUT OF DUCT AND MUFFLER (AS APPLICABLE}
I ITEYM 17 -+ YTEM 14 + ITEM 15 + ITEM 16
‘ CAUTION: KEEP SIGNS CORRECT!

[ 1 I | I I I | ]
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APFENDIX B

EXCERPTS FHOM CHAPTER 31 SOUND AND VIBRATION CCNTROL

ASHRAE GUIDE AND DATA BOOK:

Sound Generaled by Fans

Selection of as quiet & fan as prmctienble will often reduco
the tequited duck sbienuation, For cenliilugal fais i contiad
systems, the following items should be considered;

1, Bound leval, oe well as the usual selection fnetors sliould ba
considernd In ovaluating various fan types,

2, The fan should bo selected Lo operato nenr it efficiency
peak when handling the required alr quantity and sintic pressure,

3. The system should be desighed for simooth air flow, and
resistanco should be as low a8 ceonomically fensible, @

4, Duet conneetions to ibo fan inlet shoukl be designed Lo
pravido & smacth approach of the air,

To ovnluate tho effect of fan design, it ia necessary to con-
sitler the entire sound spectrum.® " The sound power spoctra
shown in Fig. 10 illustrate the following facts nbout ventilat-
ing fans of the centrifugal type:

1. When fans of different design aro considered for a given
application, neither tho rpm nor the tip apeed indicates which
fan will be quieter, Nackward-curved funs, if properly selected,
nre usmnlly somewlat mora efficiont and a little quicter than
forward-curved fans, although their tip speed i higher, On the
other hand, forward-curved funs are more compnet nnd lighter,
Their lower speed may huve other advantages, sueh ns leas boar-
ing noisy and moro toleranco in regard Lo wheel unbalance,

2, The sound power spoctra of centrifugal ventilnting fans fall
off from low Lo high [requency at anuverngo rate of - to 6 dB per
octave, The overull power lovel, being n fogarithmic sum, ia pri-
matily a mengure of the noise nb frenuencics below 180 cpa,
Experlenco points to the 250 epa bund ns being the moat criticul
oo in aIIenr.-mE conbyifugnl contral station fans, with the 125 and
600 cpabanda being next, Noise comparisons of different fan typea
enn thorofera bo hased on the sound power luvel in these hands,
but not en overnll levels,

3. The pound specirn of contrifugnl fana for air-conditioning
systema should bo relatively amooth, without prominent pure
tono companenta, ‘The spectram for the buckward-curved fan in
Fig. 10 shows a penle at the blado ]pnasngu froquency (nmber of
blnden thnes revolutions per socand). This ia typiead Tor fane have
ing o relniively small number of bindes beciuse of the distinet

reasure field nround encl blade, The peak is more pronounced
or high flow rates at rolatively low statio; it may be nhqgrnvnted
by n cut-off locuted toa closo Lo the wheel periphery, Because of
tho nilded nnnoyance of puta tones, tho soumP output at binde
frequoncy should Dbe closely exanined when selecting [ana for
eritienl applications,

Tho sound power spectrum of a vancaxinl fan,¥ as illus-
truted in Tig, 11, ia quite different from that of n centrifugal
fan, Relatively little sound is generated at low frequencies,
The spectrum usually has o very strong peak at tho blade
passago frequency and often has secondary peaks at multiples
of this frequency,
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Proper slzing of the fan is tha mest impertant factor in
nssuring n minimum of fan noise for any given type of fan,
The noise will be lowest if the fan is sized to apernte neer the
peak of its efficiency earve when delivering the required air
volume (efm) apainst u veguited stutic pressure, ¥ Noise and
effioiency of any Inn are not reluted on an energy busis beeause
of the exceedingly sinall amount of encrgy required do produce
noiso, However, the samo [netors which produce noise in n fnn
nlso tend to reduce the fun efficiency, As Tig. 12 shows, the
noise energy may ensily be doubled {increased by 3 dI3) for o
drop in efficiensy of vuly u {fow porceat,

An undersized fan will operate under the right-hnnd part
of the eurve, Its efficiency will be lower and the neise higher
than that of the optimum sized fan, The primary cause of
bath lower efficiency and higher neisc appears to be the higher
nir flow velocities through the fan,# To avoid excessive noise,
the fun ghould bo large cnough o that the velocity pressure
corresponding to the fan outlet velosily is between 15 and
25 poreent of the static pressure for forward-curved funs, and
between 7 and 13 pereent for backward-curved fnns,

Oversized fans are not only wueconomical, but are also
naoisier thah optimum sized funs, "This is due to sepnration of
air flow aver tho fan blades, which oceurs when a fan operates
to the left of the peak of the static clficiency enrva shown in

Fig, 12, Flow separation hna lfess effect on efficiency than it
hus on noise, The efficicney of an oversized fun is, therofore,
not u good measure of its quietness,

Sinco fan design and application details have such an in-
portunt effect, fan sound ratings from the munulacturer
ghould be consulied, It must bo borna in mind, however,
that the environment and technigue used to obtain these rat-
Ings are of the utmost importance, These should nlways be
clearly specified, and their signifienncein nny seleetion or come
purisen clearly understood 19

If actunl test data on the power lovels of the fan are not
tvailuble, the approximate sound power level ean be esti-
mated using Tuble 10 and Fig, 132 Table 10 shows the buse
sound power levels for nine types of fna wheols with o dinme
eter of 36 In., operating at a speed of 1000 rpm, This table ean-
not be used to compare the sonnd power outyput of the various
types of fnng sinee, for the husn canditions given, each fun will
be produeing n different volume of air wid pressure, 'The come
parisons between the fans can only be made on the basis of
equivalent capucities nnd prossures,

Fig. 13, which was developed using the fan laws relating to
noise levels, provides the carreetions Lo the base sound power
levels for the specific fan size and speed of interest, In using
this method of estimating sound pawer level of u fan, it is
cssentinl that the fun be selected b ar vory near ity penk
afficieney. If the fan is not operating at penk cffiviency, the
sound power levels ean increuso us much ns 15 decibels if the
static efliciency is ubout 30 pervont,

Sound and Vibration Control
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Sound and Vibration Conirol

Tablo 10.... Base Sound Power Levals for Various Types of Fans In Decibels ra 1071 Wati

{Speciol Nois: This table connot be wied for direct comparison of the aciie gensraled by any ene fan with the nolis gensrated by any other fan In this iht,
Fhe foble fras baon propared lo serve o )

plately diffsrant purpose. Flsase refer to accompanying tax) for further saplanation,

Rare Sound Power Lavels, db re 1071 Walt

Trpn Diagtam Dascriplion Applications Octava Dand Center Fraguencles=—cps
63 | 125 | 250 | 500 | 1000 | 2000 | 4000 [ 8000
.= | Centrifugal fun with back- | 1, General ventilution and
) mml"dly curved  airfoil . x]lu;]cm:dltllulun: "
adoa, 2, Industrial applientinns ; 0
-t O Indusisial applientiong | g7 | 04| o2f o0 | 83 | 85 | &2 | 0
sinn, or dirt i not n
S nujor problum,
: Contrifugal fan with back- | 1. General ventilution and
\n:nnllly hqul;vcd c;;'l lzjlnped, . alul;icondlllmninz!. .
single thickness blades, 2. Induntrin] applications . '
c2 : where uurmr;i]pn, ero- | 97| 08| B304 03 | 88 | B "
sion, or dirt is not a
major problem,
Cantrifugal fun with single [ 1. Used principally for in-
Py thicknesy bludes with for- dustriul uppilmtiqnn
wurd curved hoel und radial whero medium to bigh
C-3 or neatly radinl tip, pressure requirements | 108 ( 104 | 04 ( 02| g0 B8 80 87
must be met. Moy ba
used in  modetely
dirty applications.
Centrifugal fan with singlo | . Industrial applications
.o | thickness edial blades, where eorrosion or oro-
.Blr:l(.jm ure rulfutl_w}l short 510:1 hls 8 prablem; or
in direction of air flow, uat loading is very .
1 Tonyy, Alao woect in con. | 103 [ 103 1 A6 [ 06 03 | 88 ¢ 85 f &1
veying systoms where
material passes through
the fun wheel,
P Centrifugal fan with single | 1. Iadustrinl applications
thickness  rudinl - blades, where relatively snull
C-6 Blndes ure rolutively lang wolumes ut high pres- | 104 [ POV | 104 [ 104 | 100 07 i1 jd}
in direction of air flow, sute are required.
= | Centrifugnl fun with singlo | 1. Genoral vent fintion and
thickness bhisdes curved air conditioning for low
C.6 forward at both heel und pressure, high eapucity [ 116 | 112 | 10 £ 101 | 160 08 03 88
tip. requirementa,
" Axial fun with relatively | I, Denigned to meet ro-
l long blades and amall hub, quirements of high cu.
Al | =fe)=o pueity ut very Jow prea- | 82| 03§ 92 61 ] W 83 84 80
' Bures,
— Axinl funy where hub is [ 1, Geuersl ventilation or
AZ 7, nipout.ﬁﬂpermm. of fan tip . :Im:!cum!illtunin .
=g [ meten % Industrinl upplications | o6 | ny | oz | 00| ot | oo [ 80 | x5
a gion, o dirt is not n ma-
jor problem,
Sfn | Axial flow fun with rela. | 1, Industrin] appliestions
tively ahort blndvs and where ' requiroment s
A-3 Iunrgy hub, fur high presswre at | G0 ) B | DO | D3| 03 80 83 81
medium capacity.

B-3
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To estimate the sound power lovels of a [an:

1, Beleet the proper fan using standard fan sclection pro- v
cedures, Note the wheel diameter ahd thevpm., P

2, Tdentify the type of fan in Tablo 10 and record tho huso [
sanikl power lovel in encli oetuve band. R

4, Enter Fig, 113 with tho wheel dinmetor and rpm to obtain the
cortection fnetor, .

4, Add the correction factor nlgubraically to ench of the ocinve
hand hase sound powet lovels. .

5, For etitical npplications add fGive decibels Lo the sound
power level in the octive bund whero the hlude pussng frequency
ocenrd when enleuluted using Equadien 14,

N % rpm
Ju = -Tn"——' {14)

where
Ja s blade pssage frequeney, eyelen peraccond,
N = number of [an blades,

B, The resubt. Is tho estimated sound power tevel of the selecled
{an in ench of tho octave bunly,

Erample  ‘The oplimum selection of & pressurs hlower for Ociaya Bond Canter Fraquenciss—cps
some paclfied duty hoa been found to be o fun with » 32 in. din flem ! 3 ia
fvlwi:l operuting at 1400 rpm, Estimate the reaulting sound power 53 | 125]250 | 500 1000/2000/4000/A000

: ovel,
S . Solution: According to Tablo 10, u preesure blower fully into 1, Bass sound Enwur
- the classifiention of fun type No, -5 and tha buse st} power levcl, dB {Table 10) | 114] 111) 104] 104 (DO 0T ] M
level valuen for this type of fan are listed in the right huru? purt
of Table 10 (sce lins 1. 2, Correctlon, dB

B (Fig, 13) IR I e s e

y teferring to Fig. 13 snd using the parameters of 32 in. di .

and 1400 T:H a correction fu‘ct.or of - 4 lljii iu";lhl[:xiusd, M:;ml“',: 3. Blade frerillmnr:y ear-
i

hyl:.he :ldu'u ) [ir'l {sc0 Eine ]‘.!). y l reetion, d +5 ‘."‘.

coording Lo the rutalog data, this apecific fan is mado with 10 i
bludes. Thorefore tha biade frequency T 4 &E,’"ﬁt‘_"‘tp“!,:’mfé e
10 X 1100 conditiona, dT3 118 114 113 108| 04| 101| 08 05 b

Sy = = ™ 233 cpe . :
whieh [nlla in the 260 epa octave band (eee lino 33, The sup of f

linea ¥, 2and 3 is the sotind power level of the fan shown in line 4.

Copyright by ASERAE. Reprinted by permission from ASHRAE.
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CHAPTER 3
NOLSE LEVEL DATA

Noise levels measured at several plants or equipment Installatlons have been
collected and aré summarized in the enclosed Tables 1~3. These are divided
roughly into various types of industries, and the levels given represent the
opproximate upper and lower limits found at varlous operator positions. This
does not represent an exhaustive survey of plants or plant noise; the data
merely indicate that hearving damage noise levels exist in many plant arveas.

3.1

e

T



vt

TABLE 1

SOME REPRESENTATIVE NOLSE LEVEL RANGES
AT VARIOUS OPERATOR POSITIONS IN
VARIOUS INDUSTRIES

(MANY ACTUAL SITUATLONS INCLUDED,
BUT BY NO MEANS A COMPLETE LLSTING)

T T T T

Finaetl

T

=

OCTAVE FREQUENCY BAND IN Hz
k) 63 125 250 500 1000 2000 4000 8000

EEL LS

;
WOOD AND PULP PROCESSING ;
- ;

88 102 108 114 114 112 451 106 97
72 79 81 90 91 86 81 76 67
POWER SAWS, MOLDERS, PLANERS
89 95 101 106 109 109 106 102 101
60 65 69 7 73 74 73 72 70
PRINTING (INCL, NEWSPAPERS), BOOKBINDING
85 .95 102 98 96 92 89 88 90
68 73 73 72 73 73 70 68 64
ROCK CRUSHING AND GRINDING
92 97 96 98 100 96 96 9% 90
80 88 86 85 84 82 80 7% 70 ¥
B
ROCK DRILLS AND AIR COMPRESSORS -
80 88 98 102 103 98 95 90 88 }@
70 80 88 88 84 85 80 80 75 i

COAL_CAR SHAKE~OUT
100 119 115 11 108 105 104 103 98 -
90 111 105 101 100 95 94 92 82 3
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TABLE 2

SOME REPRESENTATIVE NOISE LEVEL RANGES

AT VARIOUS OPERATOR POSITIONS IN
VARIOUS INDUSTRIES

(MANY ACTUAL SITUATIONS INCLUDED,
BUT BY NO MEANS A COMPLETE LISTING)

OCTAVE FREQUENCY BAND IN Hz

31 63 125 250 500 1000 2000 4000 2000
PETROLEUM PLANT

95 102 107 111 105 98 91 90 85

75 80 78 75 73 70 66 61 54
PLASTICS PROCESSING

90 94 103 105 108 103 102 99 97

72 77 77 84 82 81 80 74 64
TEXTILES

83 a8 90 94 97 99 100 97 100

58 60 62 67 66 71 71 65 56
LEATHER PROCESSIQI_{.?:, SHOE MANUFACTURING

80 87 88 91 93 95 96 95 94

.10 75 75 72 76 78 75 7% 72

MACHINE SHOPS {GRINDING, PUNCUING, RLVETING)

88 98 104 108 102 106 108 110 105

70 76 7% 78 78 7% 70 71 66
BOTTLING AND CANNING PLANTS

" 88 95 101 102 98 95 91 90 92
65 72 75 70 68 65 63 60 57
3-3
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TABLE 3 3
SOME REPRESENTATIVE NOISE LEVEL RANGES
AT VARIOUS OPERATOR POSITIONS IN ]
VARIOUS INDUSTRIES !
H

(MANY ACTUAL SITUATIONS INCLUDED,
BUT BY NO MEANS A COMPLETE LISTING)

.
i
[y
e
LT
wo

Ifl

1%

OCTAVE FREQUENCY BAND IN Hz i

31 63 _125 250 500 1000 2000 4000 5000

{5

ELECTRIC GENERATING STATIONS . i

106 104 108 107 105 103 100 94 84 f

82 86 89 82 81 80 84 72 62

GAS_COMPRESSOR STATIONS ;

126 109 103 99 96 96 95 99 108

85 83 85 90 84 76 76 77 73

th

MECHANICAL EQUIPMENT ROOMS [

90 9 93 90 88 89 89 86 80 b

_ 70 72 75 76 73 68 65 62 53

ROAD MACHINERY, FARM TRACTORS k.

. I

85 95 106 104 102 102 98 95 92 h

68 72 78 79 75 72 70 63 58

- -1
s o
o
| i
3-4 o
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CHAPTER 5

PRINCIPLES, METHODS AND EXAMPLES
OF NOISE CONTROL IN MACHINE DESIGN

Although there still exist many questions on the psychological and physiological
effects of nolse on people, there 1s no question that too many people are cur-
rently exposed to too much nolse, With this premise as an accepted fact, we
wish to consider here briefly some of the basic methods of noise control that
are avallable and that are in practical use in many places where people have
agreed that some nolse must be stopped.

Of course, it is highly desirable at the time of the original design to reduce
the noise generated and radiated by a machine. Usually, however, a complex
machine represents an evolutionary growth of one or more simpler machines, and
as the size, speed, complexity and performance increase, concern for noise is
lost along the way, 1f indeed there was ever any such concern in the first place,
As a result, the completed machine may be noisy and it is probably so uniquely
put together that it is virtually impossible te go back into the machine and
simply insert a few noise-reduction treatments. As a result we rather seldem
have the opportunity to change the "internal workings’ of a complex machine;
instend, we are usually restricted ro working around the perimeter of the pro-
blem, This imposes rather sericus limitations on the noise control that can he

achiaved.

Nevertheless, whether we can work on the inside or the outside of the machine,
there are certain basic approaches to neise control. First, actual noise level
goals or criteria are established for the work space in question, In most
factory spaces, the goal 1s to achieve "safe' noise levels for the protection
of hearing or to achieve low enough noise levels to carry on some degree of
veliable speech communication, Next, we almost always include measurements of
the noise and vibration of the machine that is to be quieted, in order to
determine and to quantify the principal components and paths of noise. Then,
we are in a position to design noise control treatments for the machine,

1, NOISE PRODUCING MECHANISMS

Let us first look briefly at a few of the typical mechanisms that produce neoise,
This is not a complete list; but it perhaps will begin to remind one of the
basic noise sources of varilous types of machines,

Figure 1 illustrates some of the basic movements in machines that can give rise
to noise or vibration. Incidentally, we can treat vibration almost synonymously
with neise, because usually a vibration source eilther produces noise itself or
caugses something else to which it is attached to produce or radiate noise,
Hence, the term "structure-borne noise” frequently describes this mixture of
noise and vibration,

Figure 2 illustrates the mechanisms whereby high speed air movement ¢an generate
turbulence; and turbulence 1s alwost synonymous with noise. Remember that sound
is caused by the vibration of air particles, and turbulent air flow produces
vibration of the air particles in the airflow., The noise radiated from the rear
of a jet engine is a dynamic example of how turbulence produces noise,
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Figure 3 illustrates one of the possible but usually less serious producers
of nolse, Motors and transformers are relatively simple examples of noise
caused by electro-magnetic induction, but chere are some industrial applica-
tions that involve tremendous amounts of noise and vibration.

Figure 4 may suggest “musical acoustics! but it is intended to highlight two
mechanisms whereby a small amount of energy may produce an exaggerated amount
of gound, A small amount of energy at the resonant frequency of a particular
structure can produce large amounts of sound; the structure may be a gear, a
subway wheel, a steel linkage in a machine, a panel of a cabinet enclosing a
machine or even a special size and shape of an air space. The "sounding board"
represents almost any structure to which a vibrating device is rigidly attached,.
The floor is a sounding board for a motor and pump, if you live on the floor
under that motor and pump and if they are not properly vibration-isolated, The
steel framing of a large machine may be the "'sounding board" for a relatively
small vibralor inside the machine,

The sources and paths of sound shown by Figures 1-4 are only fragmentary but
they suggest the noise complexity of a machine that may be made up of many of
these mechanisms simultaneously in operation, each performing its small but
necessaty function. A more complete, but still brief, discussion of noise
sources and general approaches to nolse reduction is given in the paper
reproduced at the end of these notes: ''Guidelines for Designing Quieter
Equipment" by Clayton H, Allen, A reprint is also included that gives some
general information on several aspects of the nolse problem: "“The Anatomy

of Noise" by Leo L. Beranek and Laymon N, Miller (from Machine Design,
September 14, 1967).

2, NOILSE CONTROL APPROACHES

Some of the most vital basic steps to nolse contrel are included in the following
list, These steps must be taken, where applicable, if any noise source is to bhe
quiated.

a, reduction of certain impact or acceleration effects,

b, reduction of unbalanced forces,

¢, reduction of large radiating areas,

d

e, use of acoustic enclosures to contain the noise or
acoustic barriers to shield or deflect the noise,

elimination of noise leakage paths,

use of acoustic absorption material to absorb sound
energy inside confined spaces and in sound-control
passageways,

g. use of mufflers or attenuators to reduce nolse In gas
flow paths,

h, use of vibration isclation mounts to isolate a
vibration source from a noise radiator,

i. use of flexible connections between the isclated source
and its base structure

£
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}. use of vibration damping materials to reduce noise
7 radiation from thin surfaces, and

k., use of alternate less-noisy methods for performing the
same function.

3, EXAMPLES OF NOXSE CONTROL

We can demonstrate the use of some of these noise control methods with actual
examples from industry,

4, Quieted Stock Tubes for Automatic Screw Machines. One of the well-

publicized noilse control treatments of a few years ago was a quleted stock tube
for avtomatic screw machines¥. A layer of fabric webbing placed between the
outer seolid=-wall tubing and the inner helicslly wound steel liner serves
partially as vibration isolation and partiglly as vibration damping. Figure S
gives measured noise levels in an aisle position about 5 £t from a six-spindle
stock tube array for four different combinations of stock and steck tubes, The
two lowest curves represent the noise levels for an operation involving round
stock, The upper curve of this pair (shown by the letter "C" inside the circle)
is for conventional stock tubes, and the lower curve of this pair (shown by the
lattar "S" inside the circle) is for che "silent" stock tubes, The more dramatic
evidence of the effectiveness of the "silent" stock tube is shown by the upper
two curves of Figure 5 where hexagonal stock is rorating, rattling and thrashing
around inside conventilonal ("C" inside the hexagonal data points) and "silent"
("S" inside the hexagonal data points) stock tubes, In this comparison, the
'silent'' stock tubes range 10 to 20 dB quieter than the conventional stock tubea.

{'\h This is not intended to represent a thorough evaluation of steck tubes, for we

~— have not studied the effect of spindle speed, stock lengths, stock size or stock
tube size; but this comparison does show a significant reduction of noise for
the specigl quieted stock tubes, using vibratlion isolatien and vibration damping
techniques, (In the oral presentation, magnetic tape recordings are played fox
these four conditions.)

PR RUR

b, ¥Vibration Damping Materials. Strategic use of vibratien damping materisl
U on thin metal surfaces is used extensively on aircraft fuselage skins and frames.
The actual reduction of radiated or shell transmitted noise may be as little as
only 2 or 3 dB or as much as 5 to 10 dB, but there are situations where every
decibel 18 vital. Damping materials or damping tape are frequently applied to
thin structural members inside some machines to reduce the structure~borne
transmission of sound from gears, bearings, cams, ratchets, relays, etc, Damping
materials are also used on large thin panels that form the cabinet-like en-
closures of some machines, notably on househeld appliances such as dishwashers,
automatic washing machines, and refrigerators, on many of the office type dupli-
cating or copying machines and on the interior surfaces of automobile doors,
hoods, trunk lids and other large surfaces. Sometimes, sound absorption blankets
pressed and held against a metal surface can provide this vibration damping
action while also serviog to reduce bulld-up of nolse levels inside a machine
cover,

s

*Schweitzer, B, J.; "A Silent Stock Tube for Automatic Screw Machines",
Moise Control, Vol. 2, No. 2, p. 14, March 1956.
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&. High-Pressure Air Exhaust Muffling, Release of high pressure air is
I.'>a

a typical noise in many plants. Each single brief spurt of escaping air may
not be so troublesome all by itself, but in plants having many automatically
controlled alr-operated devices or systems there is an almost continuous
chatter of alr releases around the work area, In one shop recently we found
over twenty alr escape ports, each giving off a short blast every 5 te 30
seconds. The shop manager was amazed te hear and comprehend all these air
discharges when it was brought to his attention, The high frequency pitch
of the air escape noise contributes to speech masking and when an operator
works near a few of these they may contribute to long-range hearing damage.
Small inexpensive mufflers are commercially avallable or 6-12 in. lengths of
piping filled on the inside with loosely packed glass or mineral fiber can
raduce much of the alr escape noise,

Figure 6 1llustrates the noilse leuvals penerated hy a blast of air released
from an ordinary shop air nozzle when fed by a 130-160 PSI air supply. The
middle solid curve represents the noise levels for normal discharge of the
nozzle. The high frequency end of this noilse spectrum is capable of masking
speech. When the air blast 1s directed against an obstacle, the noise made
by the disturbed air stream usually results in even higher noise levels, as
shown by the upper dashed curve of Figure 6. In this example, the air
discharge was merely directed against a finger at 6-in. distance, Where air
ig used to remove stock parts, such as laminations or stampings, from an
automgtic punch press, these noise levels could be produced, Such noise levels
are potentially high enough to contribute to the hearing damage problem.

A simple homemade muffler produced the noise levels shown by the lower dotted s,
curve of Filgure 6. This muffler was produced by wrapping the discharge end of Emd
the air nozzle with a 3-~in, layer of porous flexible plastic foam and recessing

the wrapping into a large fruit-juice can. In the high frequency reglon, this

simple arrangement yielded a nolse reduction of 30 to 40 dB. (In the oral pres-

entation, magnetic tape recordings are played to illustrate the nolse levels

of Figure 6.)

d. PFlastic Pelletizinpg Machine., Several plants use a high speed, multiple-
blade cutting drum to pelletize extruded plastic materials. Schematically the
cutting operation may be illustrated simply by the sketch in Figurxe 7. Contin-
uous length, spaghetti~like strands of extruded material are fed into the rotating
cutting drum and are cut into small pellets of any desired dimension. The high
speed rotation of the cutting blades past the cut-off edge of the anvil produces
a siren-like sound of very high intensity, possibly reaching sound pressure
levels of 110 to 120 dB a few inches from the cutting edge. The fundamental
frequency of the sound is the "blade passage frequency' of the cutting blades
and this can typically fall in the range of several hundred te a few thousand
cycles per second. Higher harmonics of this fundamental frequency are dlso

present.

In one particular noise reduction program, a speclal acoustic enclosure was
devised for this type of cut-off machine. A thick-walled, acoustically-lined
form=fitting housing was designed to enclose the cutter and its drive mechanism,
and acoustically-lined openings were provided for the entry of the plastic
strands and for the exit of the pelletized stock.

Seé
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The approximate nolse levels in the aisle beside one machine are shown in
Figure 8, for the case of no enclosure and for the case of the acoustic enclo-
sure. The overall effectiveness of such an enclosure is usually limited by

the sound leakage paths throughthe openings by which stock material is fed

and removed and by the air and sound leakage paths in the various jolnts around
the enclosure and in some of the gasketed covers that give access into the
machine, Where ventilation of a drive motor is required, scoustically lined
ducts or passageways must be provided for cecoling air. Also, for maximum noise
reduction it is unecessary that the enclosure make no physical contact with any
part of the cutting assembly or its drive mechanism.

It should be pointed cut that the machine was never used in normal production
runs without a protective enclosure, The original enclosure, however, did not
provide adequate nolse control and it wags for this reason that the special
acoustic enclosure was designed and added, (In the oral presentation, a
magnetic tape recording is played to illustrate the cutter noise.)

2. Motor Room. In one plant a bank of electric motors and gears
produced high noise levels in an adjoining work area. The heat radiated by
the motors also added to the discomfort of the area., A light weight enclosure
having its own ventilation arrangement reduced both the noise and the heat in

the shop area,

Figure 9 shows the noise levels in the work space 'before" and "after' the
enclosure was provided, The enclesure wall was made up of 1/2-in. thick
gypsum board mounted on metal studs, with all air cracks sealed. When the
enclosure was installed, the reduced noise levels in the shop space (the
lower dashed curve in Figure 9) were actually due to the machines in the shop
rather than the motors and gears inside the enclosure.

£. Automatic Punch Press, The average noise levels are shown in Figure 10
for a typical operator position of a punch press at one wanufacturing plant.
The upper curve shows the noise levels for the original machine and the lower
curve shows the noise levels following completion of an initial nolse reduction
treatment, The shaded area shows the design goal range desired for the final
total shop nolse reduction program. The upper limit of this range is the CHABA
eriterion for hearing preservation in the presence of steady-state narrow-band
nolse and the lower limit of the range is the NC-75 curve.

The initial treatment to this first punch press consisted of placing acoustic
covers of metal or safety glass over all openings from the impact area of the
punch press, The machine still has the same accessibility as before this
acoustic treatment vas added, since in the original version several expanded
metal guards were already used to protect the operator, The expanded metal
guards have been replaced by sliding solid safety glass panels fitted with
gasketed seals, Additional noise control work is still to be undertaken, but
this example {llustrates that even a punch press can be quileted,

B. Stamping Machine, The average noise levels for a typlcal operator
position of a large Impact-type machine are shown in Figure 11. This 13 a
high-apeed automatic stamping machine that is very massive and includes several
thick large-area steel panels that radiate the noise of each impact blow, It
would be desirable to reduce the noise levels at the operator position to
achieve approximately those shown by the lower dashed curve,
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Extensive sound measurements have been made all around the machine in order

to estimate the approximate sound power contributions made by each panel, each
exposed plece of massive framing, each opening near the ‘actual die set and
each ventilation epening into the interior of the machine, In addition,
vibration measurements have becn made on all important structural components
of the machine in order to calculate the sound levels expected to be radiated
by the structure, A comparison of the measured sound levels directly in front
of a large structural member with the expected sound levels based on vibration
data for that structure is an Iimportant step in the diagnesis of a complex
machine, Suppose that the vibration measurements indicate that a heavy, stiff
framing member will not radiate very much nolse. On the other hand, suppose
that high sound levels are measured directly in front of that framing member,
This paradox suggests that the high sound levels are probably due to some
othar nearhy sound source and attention should be Focussed on locating and
identifying the sound source, If both the measured sound levels and the sound
levels that are calculated from the vibration data tend to support each other,
then there is reasonably good assurance rhat the structural member 1s correctly
diagnosed and that an appropriate noise control treatment might be applied,

This particular machine is so complex that it has not yet been fully treated
acoustically by the manufacturer, Several steps of a complete treatment have
been carried out and a few compromises have been considered, but it is not
expected that the design goal can be reached with partial or compromise treat-

ments.

b. Horizontal Punch Press. A few years ago, a horizontal-acting punch
press was producing excessive noise levels in an IBM shop area®. The acoustics
group at IBM produced a cover for this machine that produced a noise reduction
of approximately 15 dB in the middle frequency bands and up to 20-25 dB in the
high fraquency bands, The acoustic features of the enclesure included:

(1) pgasketed safety glass viewing windows,

(2) snugly ficting access ports,

(3) muffled inlet ports for feeding stock into the machine,

(4) muffled ventilation openings into the enclosure to provide
cooling alr,

(5) adequate thickness of steel stock,

(6) internal surface damping, and

(7) internal absorption to contain the noise,

Note that there is a build-up of noise levels inside an enclosure, compared to
the close~in noise levels 1if there were no enclosure, so the enclosure wall
material and weight must be adequate. The use of absorption material helps
reduce the inside bulld-up,

*Engstrom, J., R.,: "Noise Reduction by Covers”, Noise Contrel, Vol. 1, No. 2,
March 1955.




1. Pencil Shaping Machine. The first step in making a batch of pencils
is to take twoe thin strips of cedar, groove them, insert leads in the grooves,
and then glue the strips together., Stacks of the glued strips are then fed
into the hopper of the molding machine that shapes the pencils. The feed
mechanism provides a continuous flow of these strips. The upper cutter assembly
cuts out the upper profile of a line of 8 pencils, and the lower cutter assembly
cuts away the remaining unwanted material, The cut pencils then drop onto a
conveyor or into a bin.

The cutter blades of this particular melding machine votate at 14,400 RPM, The
noise levels at the operator position reach and sometimes exceed 110 dB,
Although the machine is quite compact, there are many openings into the cutter
area and the siren-like sound is free to escape to the room. An experimental
program was carried out to determine how much neise reduction could be achieved
by closing up many of the openings through which sound escapes., An experimental
sealed enclosure produced nearly 30 dB noise reduction at the peak frequency

of the cutter.

Much of this nolse reduction could be achieved with simple add-on pileces to the
existing machine; but to achieve all of this noise reduction (and even more,

if desired), some design changes would have to be made, To our knowledge, no
follow-up work was ever done by the manufacturer because, at that time, there
was no incentive. No one was asking for quieter machines and he could sell all
the noisy machines that he could produce. 8o, why change!

An inspection of many other molding machines would show that a small effort
toward closing up the noise escape paths could easily achieve a large amount
of noise reduction.

1. Sonic Pile Driver. One of the dramatic devices introduced into the
building construction industry in 1961 was the sonic pile driver. The sonic
plle driver consists of a mechanical arrangement that converts the energy of
two 500-HP diesel engines into an alternatlng up and down force which is
coupled to the top of the plle, The speed of the engine is locked onto the
longitudinal resonance of the plle casing, As the casing compresses and
elongates, not over one~fourth inch at the lower end for the resonant frequency
of about 100 eps, the welght of the casing and the engine load clamped at the
top serve to "push" the piling into the ground,

In some actual pille driving on one job, conventional steam pile driving re-
quired 30 minutes to sink a pille 40-ft deep and the sonic pile driver "pushed!
a similar pile inte the ground in 45 seconds. The sonilc pile driver is less
nolsy and the neise is of mueh shorter duration than that for the Impact type
plle driver with its repeated blows at from one to twe blows per second, The
vibration in the earth is less severe as well, and static leoading tests on two
plles driven by each method on the job described here showed g more stable
setting of the sonically driven piles,

In addition to demonstrating a positive use of resonance in a mechanical system,
this example illustrates the use of an unusual and imaginative way to da a job
by a new and possibly gquieter method.
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k. Barriers and Partial Enclosures. Almost any machine or area can
receive some benefit from a barrler or partial enclosure that may deflect or
reflect sound to less critical spaces or that may provide "shielded" areas of
lower sound levels or that may actually absorb some of the sound energy.
91ides of a few representative forms of partial enclosures are shown in the
oral presentation. See Figure 12 for scme examples.

Depending on the noise source, the dimensions, comstruction and geometry of

the barrier, the layout of the room, the operator position, ete., these
barriers may produce localized or general noise reduction ranging from 2 to

10 dB in the low frequency region up to 5 to 20 dB in the high frequency reglon.
For any larger amounts of noise reduction, one would have to set out tao provide
a total enclosure rather than a partial enclosure .

One example shows the 20 dB noise reduction achieved between two adjoining
rooms containing power hammers., Each roem has acoustic absorption lining and a
large front opening for easy access of large parts. The enclosure provides
iittle benefit to the operator exposed to his own noise, but noticeable reduc-
tion for all other nolses to which he might be exposed,

When estimating time exposures, it is sometimes the nearly steady-state condition
of all the noises of other equipment that may be a major or controlling part of
the exposure of one operator and his Intermittent or marginal noise-producing
equipment. Thus, it may be important to reduce the "ocher' neoise to an operator
when it is difficult or impossible to reduce the noise of his own machine.

4, 'YDO'S AND DON'TS" IN NOISE CONTROL

The following outline is offered as a starting point for pursuing a noise
reduction program on a noise source. Be aware of good noise design; use good
acoustic principles whenever possible, Build one unit; check the nolse output,
using appropriate noise and vibration equipment. Re-design and modify as
required, Follow the outline below as a checklist both to establish good
acoustic design in the first place and to guide remedial steps later if neces-

Bary.

A, Airborne vs, Structure~borne Noise and Vibration

1, Have to identify which type and which paths.
2. Both finally radiated to ear by alr paths,

3. In general, sound from a machine can be "heard” at lower
levels than vibration can be "feit", Therefore, reduce
vibration t1ll 1t can't be "felt', maybe even more, depending
upon environment.

B, Afir Seurces and Solid Sourges of Sound

1. Alr Sources (pressure fluetuatlons in air due to alr
movement) .

(a) Jet action of alr stream produces turbulence (air
cleaning, air conveying, ventilation, etc.)
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(b) Periodic interrupted flow produces discrete frequencles
(fans, motor vents).

(¢) Alr movement around obstacles (turbulence).

(d) Secondary air sources:
cracks, openings in covers, open ends of ducts,
close~coupling by .air of structural parts.

2. 8Solid sources of sound

(a) Any solid member of a system that moves or 1s contacted
by any other moving solid member.

(b) Solid member may oscillate, expand and contract, deform,
bend, slide, rotate, hit or be hit, accelerate or
decelarate from uniform motion,

(¢) Solid member can be set into vibration by air coupling
and then transmit vibration to other members or re-radiate

it as sound energy.

Reduction of Noigse and Vibration

L. Reduction of air source noise at the source,

2, Reduction of airborne nolse and vibration.
3., Reduction of solid source noise at the source.

4, Reductlon of structure~borne nolse and vibration,

Reduction of Alr Source Noise

1. Reduce air flow velocity.

2. Diffuse air exhaust stream to reduce turbulence at edge and
in surroundings.

3. Reduce or eliminate periodic interrupted air flow (cooling
vanes on motors, less ailr flow through rotating part of
motor; vary fan blade cutoff).

4. Smooth flow in ducts or in necessary alr streams; streamline
obatacles in alr streams,

5, Secondary alr sources:
cover holes, treat necessary open holes or ducts, break up
close air coupling.

Reduction of Alrborne Noise and Vibration

1, Reduce vibration amplitude of radiating member.

2. Reduce area of radiating member.

3, Reduce alr coupling of radiating member (even drill holes
to allow free flow of air to reduce pressure build-up).

4, Remove moving parts from large radiating surfaces (actual
separation or by use of vibration isolation mountings).




5.

60

Bl

10.

Shift frequency of noise to lower frequency region (lower
frequency noise less efficlently radiated from small sources,
and people more tolerant at low frequencies).

Control the direction of radlation of sound away from the
listener (good for high frequency only; barriers, baffles).

Provide mufflers for all required openings that can radiate
noise.

Enclose or partially enclose the nolse or nolse radiator

(as massive as necessary consistent with rest of system);

cover all holes or cracks for aiv escape; gasket access doors;
must have no rigid connections between neise source or

radlator and the enclosure structure; consider relative stiff-
negs of izolation mount far fraanency to be controlled., For
undamped enclosures, apply surface damping to reduce resonances,

Use acoustic absorption (glass fiber, etc.) to absorb contained
sound (on inside surface of a wall or bex, not on outside;
porous material absorbs bouncing socund waves, does not take out
much energy transmitted through the material).

Effectively increase distance from noise radiator to listerner,
gilve chance for sound to spread out; same energy in the room but
less intense 1f further away (baffles, lined ducts, directivity).

F. Reduction of Solid Source Noise

1.

2,

3.

by

5!

Change mode of operation to produce less force on the system;
look for and avoid basic desipgns that serve as sound amplifiers,

Seek other ways of accomplishing the end objective or movement
(electric vs. magnetic, mechanical vs. hydraulic, ete,).

Provide smooth finishes for sliding contacts and rolling
parts (includes cams and cam followers, linkages on commen
shafts, gears, sliding parts); adequate lubrication to reduce
stick-slip motion.

For rotating parts, provide maximum balance to insure uniform
speed and minimum acceleration and deceleration; provide
minimum clearances in shafts and mating bearings to prevent
vibration,

For non-uniform motion, provide minimum acceleration to do the
job properly but have uniferm acceleration {avoid "jerk': rate
of change of acceleration); use maximum avallable time to

produce the necessary veloeity change, avoid peak acceleration,

Reduce weight of accelerated parts, including rotating unbal-
anced parts; surface dampen remaining light weight surfaces.

Reduce accumulated backlash or clearances in a string of
linkages to reduce "jerkiness" to the Finagl action; provide
spring loading to final action to give constant force to resist
jerkiness,

3-10




) 8. Apply acceleration forces only as rapidly as parts can
/'f\ follow to reduce impact, overshoot, undue flexing or
e deformation,
9., Reduce impact force to minimum necessary; look for other
ways to transmit force or information to a system than by
Impact.

10, Use "soft" surfaces where possible te reduce impact {cams,
cam followers, hammers, gears); use soft inserts under
impact surfaces whan possible; reduce mass and area of
impact parts; use damping material on impact parts,

11, Apply damping materlals to eliminate resonances of rods,
panels, linkages, gears.

! G, Reduction of Structure-borne Noise and Vibration

1, Provide vibration isolatien for mounting of a noise or
vibration source to its base; have no short-circuiting
rigid connections (flexible connection in pipes or wiring,
free coil turn in wiring connection). If rigid connec-
tions required, isolate next larger assembly that includes
the rigid connections. ILsolation mounting stiff enough to
transmit performance requirement or provide functional
operation, soft enough to prevent transmission of high
frequency vibrationol forces. Caution that springs, as
steel bars, transmit some high frequency noise, Use

S rubber pads with springs. Use rubber-in-shear or felt,
cork or rubber pads for high frequency isolation.

T 2, Reduce the weight of a vibration assembly, attach it te

o e heavy-weight base with isolation mounts. Always try te
support a vibraticn scurce from a massive "inertla block®
(with use of isolation mounts; design curves on transmissi-
bility assume Infinite mass and rigidity for base). Avoid
vibration Isolation of a heavy socurce on a light-weight
flexihle base; base may be as flexible as isolation mount.

3. Avold resonance of lsolation mount with driving frequency.
Desipgn mount resonance frequency at least 2 to 4 times
above lowest driving frequency.

4, Reduce the vadiating area of structural paths (drill holas),

5, Add vibration damping materials to structure paths that will
transmit vibration to another point In the system or to
parts that can vibrate at various resonances, Surface
damping, "spaced damping'. Lffect of temperature and
frequency. Effectiveness somewhat proportional to thickness,
Most effective on thin stock and at regions of maximum bending.

6. Provide area, weight, and impedance "mismatches'" at junctions
of different parts, (Impedance mismatch: materials with
large differences in values of density x velocity of sound)

5-11
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7. Avoild close air coupling between large surfaces (air a
good spring connection for large areas at close spacing;
exumple Thermopane glass not much better acoustically than
single glass of same total weight).

8. Avoid structural connactions that amplify force (illustrate
with HT" connectien; slight flexing of base will amplify to

large motion of top).

5. CONCLUSION

It would be dishonest to imply that noise reduction comes simply and at no
cost, The treatment may not be simple to execute even though it may be

simple in concept, The cost may involve changes in attitude by the user, the
operator, or the shop foreman. Some compromises in machine speed, perfor-
mance, accessibility, or convenilence may be required. If noise reduction is a
contrelling reguirement, some of these compromises may hove te be made.

Most of the examples described here relate to noise reduction steps added to a
machine without actually changing the "internal workings" of the machine, If
design engineers can adapt some of these guide lines into their original de-
signs, possibly some noise reduction can be built into a machine without having
to add it on later., This, of course, is the real objective. There is no
Ymagic" in acoustics. If noise reduction 1s wanted, nolse reduction must be
designed into a machine, not added onto it as an after-thought. Some of the
basic noise reduction principles have been given in this discussion, but the
real need facing all of us {& the motivation to do something about it. Many

of the methods, materials and knowledge are available,

aTER e .3
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U.5, DEPARTMENT OF LABOR
WAGE AND LABOR STANDARDS ADMINISTRATION
BUREAU OF LABOR STANDARDS
WASHINGTON, D.C.

QUESTIONS AND ANSWERS
ON THE
WALSH-HEALEY SAFETY AND HEALTH REGULATIONS

These questions and ansvwers are issued in response to inquiries concern-
the revised Walsh-Healey Safety and Health Standards of May 20, 1969.

Q" low many conpanies are effecied by Walsh-Hewley safety and health
regulations?

A" It is estimated that 75,000 plant locations and up to 27 millien
workers are covered st one time or another,.
The spillover of influence on companies not subject to WHPC,
motivated by legal and consultative actions taken by the Department,
probably invelves a much greater number of locations and workers.,

"g" What sections of the new regulations are expected to have the
greatest impact on government contractora?

"g"  Since the noise regulations are new ones, and there have heretofore
been no such national requirements for nelse control the greatest
impact might be expected there. Control of toxlc gases, vapors and
and dusts will also have a greater dmpact on contract operations.

A great number of workers are subject to nolse exposures and/or
to chemicals and toxlc substances. BSo little has been done to con-
trol the problems, in most small operations, particularly, the
impact will be felt the greatest in these areas.

Q" When did the noise regulations become effective?
A" On May 20, 1969 upon publication in the Federal Register.
" Who will inspect plants for compliance?

"A'" Federal safety engineers and industrial hyglenists. In the aix
States, where there are Federal-5State agreements, the States will

inspect,

"a" Will single Federal inspectors check for complimnce with all phases
of the Walsh-Healey regulations or just for a single part of them?

"' Federal safety engineers are trained to observe and identify problem
areas, If additional expertise is required in a highly techaical
subject area, they may request that other staff technicians come in
to evaluate only thst problem.
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Is there adequate qualified manpower for inspections?

About five percent of the contractor plant locations can be
reached in any year, This is not wholly adequate, hut it can
reach some of the worst problem areas.

How do you select the five percent to be inspected?

There are several criteria., {1) The high inJury frequency rate
industries; (2) the high injury severity rate industries; (3}
operations with catastrophe potential; (U4) industries with the

size operations that would not be expected to have their own safety
staffs and might need help; (5) complaints of unsafe or uphealthful

coenditions by employees or organized labor,

What is the penalty for fallure to comply with the Walsh-Healey
regulations?

If a contractor absolutely refused to abide by the regulations, as
determined by a hearing examiner on the record of a hearing, the
Secretary of Labor could recommend the company be declared
ineligible for government contracts fer a period of three years

or he could recommend that the asgency contracting with them cancel
an existing contract.

Does the U.,S. Department of Labor have any special advice or rec-
ommendations as to how an individual company should go about com-
plying with the regulations or is the individual company completely

on its own?

Companies hire experts in different fields based on their need for
them, We would hope they would hire safety personnel full time,
appoint part time safety personnel, draw on their insurance
carriers, states or other sources of aid and advice, If we in-
spect their operations, we would expect to help them work out prob-
lems we might find If they show good failth in cooperating with us,

Will the Walsh-Healey provisions specifically state the degree to
which (1} machine and equipment are to be guarded and (2) what
constitutes adequate medical and first aid facilities?

The body of the text of the regulntions is somewhat detailed. In
specinl cases, all considerations will be based upon and drawn from
provisions in appropriate national standards and recognized
practices. Where standards do not specifically cover the subjeet,
techniques and concepts covered in standards or recognized good
practices will be edapted to the specific case. .

What will a company be expected to do to meet the noise regulations?

-2 -
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When employees are subjected to sound levels exceeding those listed
in the regulations, feasible administrative or engineering con-
trols shall be initiated and utilized, If such controls fail to
reduce sound levels to within the acteptable levels, prescribed
personal protective equipment shall be provided and used to reduce
sound levels within the prescribed levels. In all cases, where
sound levels exceed acceptable levels a continuing effective hearing
conservation program shall be administered.

¥ill all companies be expected to meet the regulations immediately?

Good faith by an employer in attempting to meet the intent and purpose
of the regulations will be the key test. In most industries and opera-
tions, technology has advanced to the point where the environment

can be controlled to meet the standards., Reasonable time limits will
be allowed where specisl costs and equipment or alterations are re-
quired. Where technology is not so advanced, good faith can be shown
by initiating hearing conservation programs, providing and requiring
the use of personal protective eguipment and initiating discussions
with technicians, designers and machine manufacturers in order to

set plans and completion date, if possible, for new machine designs
and new methods and processes. When new machines are purchased and
new facilities built or otherwise obtalned for operations, apecifica-
tlons should include noise level limitations and control.

What does the U.,S5. Department of Labor expect in the area of benefits
in enforeing and implementing the nolse contrnl regnlations?

We expect the technology which has been develeped over the past

15 to 20 years to now be applied at work sites to protect workers
from being exposed and suffering hearing losses. We expect de-
signers and manufacturers to start reducing the noise levels gen-
erated by their products or to provide means for operators to be
protected from the excessive noise levels. We expect better and
more effective personal protective equipment and devices to be
developed and made avallable, We expect some of the old, outmoded
and obsolete noisy processes to be replaced with more modern,
efficlent and quieter processes. We expect the increased demand
for expertise in this field to result in more students studying
the subject and getting trained in environmental control as a
career, We expect more consultants and consulting firms to provide
services in this subject, and of course, we expect fewer workers
to end up with needless hearing disabilities,

Where there are unclear areas in the regulations, or areas subject
to different interpretations, what is the best advice to industry?

Clarification bulletins will be issued whenever questions arise for
which they are needed. These bulletins will be made available and
widely distributed and publiclzed, It is always impossible to

cover every possible situation by regulations or standards. 1In

sueh cases, good faith by the employer in applying the best avall-
able knowledge, techniques and concepts to contrel the situation will
be acceptable. The intent and objective of the standards is to
provide for the health and safety of the worker. Actlons taken to
meet this intent and objective will irdicate good faith on the part

of the amployer,
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Can a company which does not have "A" seale sound level meters
but has oectave band analyzers use this equipment to record their g

noise levels?

Yes. In the regulations is a chart graph on which octave band
sound pressure levels may be converted to the equiwvalent A-weighted
sound level by plotting them on the graph and noting the A-weighted
gound leve)l correspeonding to the point of highest penetration into
the sound level contours.

How will "feasible administrative or engineering controls" be
interpreted? Will high cost or economic factors of control be

consldered?

LThere was much discuasion over whether to state that "eccnomieally
feanible" controls should be determined and implemented. It was

finally decided that the word "feasible" should be interpreted o
in the broadest possible sense asnd that economic factors should iy
certainly be one of the major considerations--but not the only 1
factor or the controlling factor. Economics may be considered in E
determining the time limits allowed to an employer in which to come ol
into full complimnce with the law. i

What i8 required in a "continuing effective hearing conservation
progran''?

Where noise levels in the working environment exceed those allows o
oble, a program is necessary to assure that the personsl protective W
equipment provided and used is effective in preventing deterioration _
of a worker's hearing. The moat deairable program would include i
pre-employment hearing examinations and periodic and regular audio- '
metric tests and evaluations, Audiometry and the use and application
of personal protective devices should be under medical supervision

or be dohe by a nurse, audlologist or trained technician under medical

direction. s

What should be done if workers refuse to use personal protection?

It i management's prerogative and duty to see that all means and
measuregs are taken to assure that work is conducted in a safe and
healthful manner. This will require geod education and training
techniques and effective and forceful supervision., The otandards
state that personal protection shall be provided and used. This
puts o burden on the worker to cooperate and use what management
provides. The U.3, Department of Labor will cocoperate with the
employers, whenever and however appropriate, to assure the coopera~
tion of employees, However, the Federsl government cannot become
directly involved in labor-management relations of this sort.

In a multi-plant organization, if only one plant is working on a
government coniract are all plants subject to the WHPC safety and

health standards?
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Although there may technically be o legal reach to all parts of
the corporate operation, we are primarily concerned with operationa
where the contract is being performed, It would seem to be poor
manegement practice, however, to apply double standards to the
safety and health of workers in various plants merely on the basis
of where a Federal contract is being performed at the moment.

If only a part of a plant is working on a government contract, ia
the whole plant subject to the standards?

If there is an interchange of werkers between contract and non-
contract operations, and if those working on contracts are exposed
to hazards created by the other operations in the general work
areas, the whole plant is subJeect to the standards.

Are sub~contractors of a government contractor subject to the
standards?

Legally, it may be possible to reach sub-contractors if major
portions of the contract are sube~contracted and sub-standard
safety and health standards are found after complaints are filed
and investigated. In such cases, the syb-~contractor May be con-
sidered a substitute manufacturer. As a practical matter, it is
difficult to ferret out all possible sub-contractor operations
for inspection, Ve are primarily concerned with prime contractors
but expect them to exert appropriate influence over their sub-
contractors in order to keep their own eligibility for government
contracts intact,

If it is impossible to guard the point of operation on a machine,
what action should be taken tc meet the standards?

The intent and objective of the standard is that all effort be
taken to prevent the operator from having any part of his body
in the danger zone during the operating cycle, If by position-
ing of the part, holding of it, using remote control or by other
meang, the operator is prevented from being In the danger zone
the intent of the rule will be met.

Does the Department expect to provide some help to small companies
who do not have full time safety staffs and may not have access
to all the standsrds adopted by reference?

An inspection survey guide is being developed for use by Department
field personnel to guide them as to the situations to lock for while
making plant surveys and which will be keyed to the standards
applicable to each situation. These survey guides will be avail-
able to public contractors as a '"do-it-yourself" inspection guide

so that a continuing inspection program can be set up by any small
contractor within his own organization to assure his meeting the
requirements of the law, ’
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What does "whenever this part adopts by reference standards,

specifications and codes published and available elsewhere, it ﬁ%%
only serves to adopt the substantive technical portions of such Y
standerds, specifications and codes” mean?

In the text of many standards and codes, there are statements
that "this standard is not to be used for regulatory purposes’
or other restricting statements not pertinent to the technicel
substance. Obviously, we do not adopt these statements as part
of the standards to be met.

How will the standards which you have adopted be determined as
applicable in any particular situation?

Fleld inspection personnel will survey operations under a contract
according to organized survey procedures, which will be available
also to public contractors to let them know ahend of time what is
expected of them. Hazards will bhe ecategorized and keyed to
applicable standards so that fairly uniform application of the law
can be achieved nationwide, The applicable standards and sections
thereof will be identified so that compliance with the ordinary
employment situations will be simplified.

What is meant in the standard under the Gases, Vapors, Fumes, Dusts

and Mists section when you state that in cases where protective

equipment is used, such protection must be approved for each specific

application by & competent industrial hygienist or other technically 3

qualified source? @

Special knowledge is needed in determining the proper control measures
and protective equipment and devices to be used when hazardous sub-
stances are used or generated. Access to such kpowledge must be
provided either by full time staff employees, consultants or persons
specifically trained in the subject area, Certain recognized

agencies test and approve equipment and devices for use in specially
hazardous situations., Persons competent to evaluate and prescribe
approprinte approved control procedures and devices must be used to
asgure the meeting of the intent and purpose of the law,

Does the Depariment expect records of all injuries to employees to
be kept, whether disabling or not?

Yes. In small companies there are few disabling injuries in a
year's time, so that keeping records of all injuries is the only

way & manager will be able to analyze his safety problems. Large
corporations with the best safety programs keep records of all
injuries, not just disabling ones, aince it is often only a matter

of chance as to an injury being serious enough to be disabling or
not, Good managers want all the information they can get to see 1f
trends are being set and operations are tending out of control. Good
faith in meeting the intent and purpose of the law starts with re-
cording and using injury statistics to control cause factors.
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What will be the criteria considered for approving a variation from
the regulations?

If equal or greater safety can be provided by a method which is
different from that prescribed by the regulations, a request for a
varlation can be filed and will be evaluated,

If technelogy has not progressed to the point where engineering
and administrative controls are feasible, a request for variation
may be considered if a plan for taking all actions pogsible to
achieve the maximum control and improvement according to prescribed

time limits is submitted.
Why do you spell out standards for radiation?

We adopt AEC standards where they apply and have Jurisdicticn. Whers
AEC does not have jurisdiction, we have spelled out the requirements
to be met under WHPC,

Does the phrase "exposures shove the TLV" mean that the USDL stand-
ards make all TLV's ceiling values?

We have adopted the TLV's as time welghted averages, not ceiling
values,

What is meant by "competent industrial hygienist or other technically
qualified source"?

If a company does not have o certified industrial hyglenist on its
payroll, they must show they have access to and utilize the services
of such expertise or have persons speciully trained to handle their
hazard exposures,

What are "professionally accepted safety and health practices'?

These would include practices published in Data Sheets, Manuals
and Handbooks by nationally recognized and technically competent

organizations,
What is meant by "ready availability of medical personnel'?

This cannot be defined precisely, but an employer must show that
plans are in effect for treating any posigible injury within s rea-
aonable and practical time limit based on the type and location

of the operation.
What is meant by "mdequately trained to render first aid"?

American Red Cross certified training or the equivalent would be
desirable.

What does 'complimnce with the safety, sanitary, and factory inspecw
tion laws of the State in which the work or part therefore is to be
performed shall be prima facie evidence of compliance with the sub-~

section" mean?
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"A" Prima facie means at first sight or so far as can be jJudged from the
Tirst diselosure. Obviously, if the State has no requirements or
they are so sub-standard as t not be compatible with Federal re-
quirements, we will lock beyond the first disclosure and ask that
an employer meet the nationally recognized standards we have adopted.
The prima facle concept is not an exclusion,

LEE IR B B AR BE BN

It should be remembered that the safety and health standards were approved
and concurred in by the Secretary's National Advisory Committee made up of
representatives from labor, management and the publiec. This committee 1s
chalred by Howard Pyle, President of the National Safety Council,

The format of the regulations is a new and unique departure from the
historieal form of governmental regulations development. Instead of writing
out by sentence and paragraph every rule to be met under the law, nationally
recognized standards were adopted by reference as the standards to he met,
This drew upon all the expertige in the country which has participated in
ptandards development and adopts the standards that enlightened and forward
locking management have veluntarily devised for their own guldance.
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Guidelines for Designing Quieter
Equipment

Quieting of naisy equipment necessitates the consideration of both sound and vibration.
Energy can feed from one to the ather, Noise Is best controlled at the source in the design :
stage, Fambliarity with the principal sources of noise and the general means for its control

aids in the selection of devices and mechanisms that simplify or eliminate tha need for :
corrective measures in a finished product, Detailed and practical texts on nolse generation |
and control are available, Although they cannot replace professional help when it is |
needed, they are invaluable for general quidance and for anticipating problem situations i
which may need study, i
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Guidelines for Designing Quieter
Equipment

CLAYTON K. ALLEN

NOISE

Hoise 1s delinsd here as any unwanbed sound,
Fig.l, or vibration, Fig.2, Each may create or be
created by the cother,

Alrbortte Seund é=—=3 Solidborne vibratlen

In contrelling nolse, 1t i3 necessary to distin-
guish boetwoen soupd, whieh 1a airborne, and vibra-
tion, which 1s solidborne, because the means of
controlling these phenomena differ.

Sound

Sound consists of small pressure variatlons
in the alr which radiate from a scurce at o speed
of approximately 1000 £ps. The frequensy of
sound, which is the Irequency of repetition of
preas'ure varjiations, 1s measured in cyoles per
second (cpa) or Hertz (Hz). A wavelength 1s the
dlatance betweepn pressure maxima in a travelins
wave; it i1s efual to the speed of sound divided
by the frequency.

Vibration

vibrations in selid material generally travel
ragter than airborne sound. Thus, for a given
rrequency, the wavelength 1s longer in solid ma-
terials than in alpr,

When the dimensions of solid structure ave
small compared with the vibratiopal wavelength,
the structure may vibrate nearly as a unit. How-
ever, for high frequencles, some porticns af a
solid structure may vibrata almost independently

A S0L10 VIERATING MEMBER RADIATES
SOUND IN AIR (N AL DIRECTIONS

UF AR o 10u] DIAETION] WO Tris % CTHERT

Flg.l

from the rest apd at much lapger amplitudes. This
1s particularly true for panels and membranes and
for building soctlons Ln which the vibpations
sravel an bending waves. Such waves may travel at
various specds, sametimes more slowly than sound
in aiy, depending upon the frequency of' the wave,
the strugiural configuration, memhrans tencian,
and also upon the propertles of the materinl 1t-
self. The importance of the wavespeed as regards
nolse contpol 1s that it affects the erfficlency
with which sound radiates; when the wavespeed
along & surface is less than that of sound ir air,
almest no sound is radiated except near edges or
near stiffening members,

SOURCES CF NOISE

The sources of noise Will be consldered sep~-
arately as sources of sound and as sources of vis
hpaticn.

Sources el Sound

For the purpose of nolse contrel in pas
chines, sound sources can be divided in three
¢lasses, as illustrated in Fig.Jd,

Solid Sources. A vibrating solld member al-

1

In some machine componsnts, liqulds may be
the a¢tual source of neise; however, such sources
ape of limited interest, and metheds [or thelr con-
trol ¢can generally he deduced from similarities
with solidborne vibratlions and alrborng sound dis-
cussed here.
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ternately pushes and pulls the alp, creating asmall
pressure changes that tend to radiate in all di-
rections, generally more in one direction than in
another.

Alr Sources. Alr that 1s moving creates
preagure fluctuations that radlate as noise. The
Primary mechanism oy creating the pressure flnctu-
ations is turbulence; however, when turbulenca ime
pinges upon a solid surface, nelse radiation 1s
greatly ilnereased.

Secondary Sources. A hele in a wall, al-
theugh not a primary sourcc of nolse, may appear
te be a sound source to an observer who is other-
wise ghielded from the true source. The hole may
be treated as a sound source driven by the air on
the opposite slde of the bappier

A panel or other solid surface might be con~
sldered a3 a secondapy scurce of noise whon driven
by contact with a ppimc mover or through some in-
termediate linkage. However, We shall consider
such a source as a primapy solld source and the
vibrating part as simply the driving mechanism;
the driving part may be either polid or alr.

Sources of Vibpation

For the purpose of noise control ip machines,
We gcan divide sources of vibration, sueh as 1l1lus-
trated in Fig.%, Into two classes, moving machine
parts and moving aip,

Movinz parts, Solidborne vibratlons are
generally produced by moving parts that cause a
varying force upon tho sclld system as they per-
form one or more of the foliowing operiations:

al Rotatlon with eccentric load.

b} Mevement with intermittent or varying

speed.

© | A4
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Fig.4 Scurces of vibratich

I NEQUCE MOTION

2. REDUCE RADIATING ARES

3 PROVIDE AIR LEAR

4 DISCONNECT LARGE
RACIATIHG AAEAS
FADM VIBRATING PART

&
-
3
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Reductlon of airborne sound from solid
Sources

Fig.3

c) Impact agalnst other parts.

Moving Alr. Selidborne vibratlions may alse
be preduged by sound waves, since they cause fluc-
tuating pressures against a solid surface, Solid
surfaces can effectively convert sound pressure
into vibrations when any of the following sondi=
tions held.

a) When the surface 1§ undamped, having one
or meore resonant frequencies corresponding to fra-
quencies in the impinging airborne sound,

b] When the surface is thin and Clexibla,
coupling Well to the relatively low impedance of
alr.

¢) When the supface is unperferated, nons
porous, and large, having linear dimenslons equal
to opr larger than half z wavelength of the sound
in aiz,

REDUCTION OF NOISE AT THE SOURCE

The most effeective means of reducing neolse
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s to alter the source so that it preduces less
noise,
Reduction of Airborne Nolse at the Sougce

Alrborne Hoise Prodused hy Solid Vibrating
Papts. 8uch noise may be reduced by the following
changes, which are 1lluatrated in Pig.5.

a} Reduction of the amount of motien, t.e.,
reduce the vibration amplitude.’

b} Reductlon of the effective area of vi-
brating part. This may be done by reducing the
aize of the vibrating part, by discomnecting it
from larger radiating areas, or by providing air
leaks thpough the part so that, as 1t moves, air
can slip through or around it. Thesa changes in-
hinit pressupe buildsup and thus peduce nolse ra-
diation.

¢) TReduction of trequency of vibpation
where possible. This i5 very effective hut 1z
usually not practivable since the [reguency of
motion ls governed by other operations of the ma-
china,

Airborne Noise Produced by Adr in Motion,
This can be reduced by the lellowing altoratlons,
which are illustrated in Fig.6,

a) Reduction of the air rlow veloclity.

b) Addition of a diffusing section to ax-
haust openings.

c) HRemoval of obstacles from the alr path
[eapeclally sharp or angular cbstacles), or
streamlining all obJjects that must remain in the
alr stream,

Alrborne Sound from 8 Secondary Source.
guck noilse ean he reduced by the following
changes, which are 1llustrated in Flg.7.

a) Reduction of the apea of opening; pre-
fepably, providing an airtight closure

b) Directing the opening away from the
listener; this helps most for high [requencles,
f.e,, those frequencles for which the perimeter
of the opening or the dimensions of the surflaces
shadowing the observer are greater than a wave-
length,

e} Addition of a sound-attepuablirg mufllep
anead of the opening; this may be an acouatlieally
lined duct. Even o simple baffle with acoustleal

L PROVIDE AIRTIGHT
CLOSURE

2. REDIAECT DPEMING

1 ADD MUFFLER CR
BAFFLE ANLAD OF
OPENING

T safrLE Wl oL
LaneL coweancy
vl LERR T

Fig.? Reductlon of airborne sound from secondary
sources

lining will give some reduction, although this
wWill vary greatly with the application.

Reduction of Solldbopne Vibration at the Source
The most effestive means of reducing vibra=-
tion 15 to alter the socurce or change its mode of
aperation 3o that it produces less force on the
system.
Vibpation Caused by a Moving PFart. A re-
duction of the accelerating (or decelerating)
forces that are created betWween the part and the
remainder of the system will reduce the radiated &i‘
nolse. Means for reducing accelerating forces -
include the fellowing:
a) Smoothing the finlshes on sliding and
rolling parts to remove high spots that cause un-
wanted motions {chatter, latepal vibrations, and
50 forth).
b} Reducing the mass of accelerating parts.
This includes improvement of dynamic balance for
rotating parts.
c) Redueclng the peak acceleration

2 of move

e cautlon; The peak acceleration can be re-
duced by making all accelerations nearly constant
over the time allotted for & given velocity change.
Thig tmplies that acceleration should change
abpuptly r'tom one value to another, JSuch an
abpupt change in acceleration, known as Jerk, af-
feqcts the system in a compllcated way and may
cause serlous vibratlons. This subject 1s beyond
the sceope of the present dlscussion, except to say
that accelerating lorces should be applied no more
quickly than the system can fellow without signif-
icant transient defermatlon and cvershoot., Other-
Wise, large upantielpated acgelerations may pe-
sult, Tolerances and ¢learances between parts and «
Iinkages must be considered as contributing to the w
flexlng of the system, cespesilally whare several
Linkages are used in succussion.
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Flg.8 Alrborne sound lsolation

ing parts, L.e., reduce the rate at which the
veloglty of a moving part is changed, by employing
the maximum time available to produce the required
velgeity change, and by making each acceleration
as nearly constant as practlcable over the time
available for a velocity change.

Vibration Caused by Scund, When sound waves
in air strike a solid structure they may causc
significant vibration in 1t. Some of the control
procedures listed in the following are the game as
1llugtrated in Fig. 5.

@} Perfeorate the sclid surface to admit
relatively free flow of alr so that the pressure
on opposite sides may equalize; holes in the sur-
face should be closer than 1/% in. wavelength of
the sound censidered.

b} Make flexible sections more massive,
This applies particularly to enclosures which nmustc
be airtizght and, therefore, cannot be perforated.

¢} Add damping matérials to the surface of
thin sections te eliminate rescnances.

HOISE ISOLATION

Meshanieal operations, which are unavoidably
noisy, must be isolated from the listener. A
satisfactory treatment usually requires lnterpups
tion of all transmission paths both in the alr and
in the solid structure.

Airborne Sound Isolation

Sound sources can be isolated freom a liatener

by provedures discussed below and Lllustrated in
Fig.8,

Separation of Source and Recelver. A soulte
and recelver may be lsolated by lnereasing the
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Fig.9 Alrborne sound Iselatlion by enclosures

distance between them, Due te the spreading of
the sound waves, sound pressure reduces Lo half
its value for cach doubling of the distance from
the source to the receiver. This means nhoise re-
duction is effective only where the sound waves
¢an spread without confinement.

Acoustical Absorbing Treatment. Where hard
walls cenfine the sound, as in a room or other
enclosure, sound is reflected back upon ltself.
Then the sound pressure on the average remalns
high thpoughout the enelosure. Separating the
source apd pecelver 1ln such a space 13 not an ef-
fective isolation measuré unless the scurce and
recelver were originally very close together: in
any event, the separation 15 effestive only to the
point where the total reflected sound equals the
sound arriving directly from the source.

The rollowing measures can be taken to re-
duce nolse ln an enclosure

a} Lining a hard=wall enclesure with acous-
tical absorbing materlial reduces gound reflegstinn
and thereby lowers the pressure fluctuations
throughout the enclosed space. Saparation of
gource and recelver is effagtive over greater dis-
tances in a lined enclosure,

b} Where dource and recelver are contalned
in a duct, pipe, corpridor or the ilke, a separa-
tion between souree and recelver can be made very
effective Dy using acoustical absorbing material
on the inner surfaces ol the duct. The material
should be thicker than /30 of a wavelenzth and
may be as much as 1/6 wavelength thiek for maximum

absorptien, A bend in a duct increases absorpticn
when the duct dimensions are larger than halfl a
wavelength,

For same types of duets, very efficisnt
aeoustical treatments are commerclally available
ag packaged unlts that can be assembled in a Wide
variety of configurations.

Sound Barriers. When the distance hetween
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the source and listener cannot be lnercased, nolse
can be reduced by a sultable solid barrler between
them.

If only a small ameount of nolse reduction ls
required, particularly at high frequencies, baf-
fles and partial enclosures are erfeetive. These
devices rely upon the directionallity of sound
waves as indicated in Figz.B., To be most effec-
tive, such devices should:

a) Have dimonaions that are large compared
with a wavelength.

b} Be lecated near the source or the res
celver to maximize the shadow effect.

Where a lapge amount of neise reduction s
required, a tetal enclosure is the most effective
pvarrier; it prevents sound radiation by confining
the sound to the fmmediate vicinlty of the source,
as illustrated qualitatively in F1g.9. It is ap-
parent that an effective enclesure must:

a) Have heavy walls that will remain sub-
stantially metlenless when sound waves strike.

b} Have abserptive material inside to dis-
sipate the sound reflected from the walls and
prevent reverberant buildup of sound levels.

¢) Be substantially airtlight, since even a
small air path through the wall will transmit a
large I'ractlon of the sound produced by the
source, especlally if there is little abserptlon
inside,

d) Be vibrationally isclated from the me-
chanlcal source of scund, otherwise the enclosure
{because of 18 larger area) may radlate more

noise than the oplipinial scupd source.
yibration Isalation

Vibration gunerated-at one polnt in a solld
structure can be !solated from the remainder of
the structure or a portion of 1t, as 1llustratud
in Fig.10.

Separatlon of Source and Ieolated Polnt.
Generally, the physleal dimenslons of a mechanleal
device are small and will not admit any silgnifi-
cant seperation of source and observation pelnt.
In bulldlngs, however, vibratory energy can be
attenuated by spreadimn; and by losses in the
stpucture. Thus, scparation of vibratory machin-
ery from qufet apreas 1s geperally valuable. How-
ever, due to resonances within the structure, an
inerease In separation does not always reduce the
vibratlon at a given cbgervation positlon.

Yibration Bresit, & vibratlon break 15 gen=-
erally the most cffectlive and least expensive
means of vibratien lsolatjen. Ideally, a vibra-~
tion break is a physleal brealt in the solid strue-
ture which prevent vibratlonal forces from lelng
transmitted. Practically, a vibratlon break must
be filled or bridged by some material that will
malntain the locatlon of papts with respect to
wagh other. This bridging material 1s effectlve
when 1t s

a) Stiff enodgh to glve the required align-
ment of parts ap to transmit the pequired low-
frequency forces ror functional operation.

b] As sof't as possilble, consistent with
vopdicion (a) in the foregolng, in order %o pra=-
vent the transmission of high-frequency vibraticon-
al rorces.

c} Resistive, liKe felt, putty, and certaln
rubbers, so %hat It will not create a springllice
system that might resomate and produce violent,
perhaps destructive vioprations at some crivical
frequencles.. Sprimgs may be used L sufflclent
resistance 15 added to cantrul Tesonances,

(Cautien: A vibration break is effective
only when all solld connections betWesn o iso=-
lated parts are broken. Ho selld structure may
be permitted to come in contact with both sides
of a vibration breat.)

Yibration Block. Wherc a vibrating member
cannot be separated physleally rrom the remainder
of the stpbucture, a Lassive structure may be at-
vached between the vibratling member and the pe-
malnlng steucture, Tils muss must be large and
relatively immovnab.e conmpared to the vibrating
merber. 1t scepves to reflect vibratlons back from
the portion of the structure to be isolated,

A vibratien b.ocic 1s particularly effective
1r it can be preceded or followed by a vibratlion
brealk or by a relatively compilant structupal
section.
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Viuratlon Dampliyr Material, Where the
source and observatlion peint are relatively far
apart, significant reducticn of vibration can be
cbtained by application of vibration damping ma-
terials. Damping materials are particularly use-
ful in reducing vibrations in highly resonant mem=-
bers such ag panels, webs, springs, reeds, and so
forth,

Proper use of damping materials improves
the performance of vibratlion brealts and hlocks;
large vibrations tend to build up in the isclated
source member unless some means of absorbing this
energy is available. .

The cholae of vibration damping materials
depends upor many factors, including type of struc-
ture considered, the frequency of vibraticn, the
operating temperature, and the particular func-
tion- of the vibrating part. Some materials like
lead, sand, asphalt, impreghated r'alt, mastic,
and so forth, are commenly used. ‘Several speclal-
1y designed damping materials and composite damp-
lng structures are commerclally avallable. Char-
acteristically, good damping materials should:

a) Have n stiffness that 15 comparable to
the stirfness of the material heing damped so that
1t Wwill extract a maximum amount of energy durlng
bending motion, Mest damping materlals are tem-
perature-sensitive and must be carefully sclectad,

b} Be at least asg thick as the section of
metal belpng damped and several times thicker for
maxlmum damping.

] Be applied on the relatively thin sec-
tions of a vibrating member, where the maximun
bending ococurs.

GESINS AND COWPROMISE

Ay praetical nolsc control problem in ma-
chine design generally involves a combination of
all of the considerations discussed 1n the fore=-
going. The lmportance of each of the individual
conslderations varles according to the specific
application.

In some instances, it may neot be possible to
reduce the total noise output, but alterations in
materials or operations may permit a change in the
nolse spectrum, 1.e, B shift of the maximum nolse
from high to low frequencles, thereby peducing an-
noyance and interference with normal aectivitles
such as Speech coemmunication, telephone, and gen-
eral relaxation,

In some lnstances, n small amount of steady
breadband nolse may be used to mask another nolse
that 15 unpleasant, lrregular, or distinetive,
This "acoustic perfume" technique, though usvally
a last resort, is often an elffective means for im=
proving the acceptabllity of a device and may be
the only practical expedient.

The probhlem of neise control in machine de-
sign 15 a continuzl search fer compromises that
will optimize the balance of mechanlcal performance
and peise peduction. Excellont treatments of this
subJect are ceontained ln the following references.
REFERENCES

1 Beranek, L. L., "Nolse Keductlon," MeGraws
H11l, New Yoprk, 1960.

2 Harrils, C. ¥., Handbook of Neolse Qontrol,
deGraw-}111, Kew York, 1957.

2 Rothbart, H. 4., Mechanical Design and
Systems Handbook, McGraw-Hill, New York, 196%.
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The Anatomy of
Noise

~by Leo L. Beranek

and
Laymon N, Miller &

N oise is about as popular as ugliness. And like
ugliness, it often seems an intangible nuisance, one
difficult 1o deal with in precise terms, But the problem
is not that complicated. Noise is a true operating _
characteristic of an engineered device, as real as
power, strength, or speed. It can be defined, measured, v
contained, prevented, aven legislaled against, Perhaps
mere important, acoustics experts now have reasonably
accurate ideas on just how much din you can create
without annoyance, harm, or legal liability.
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l" lhl’ |”““ ¢, NOISE is not easily envisioned a5 an
issue to be aponized over. Here now,
gone in an instant, it seems an

Teov . 3 I=
llﬂlb_\ l)] “d""lb ubstraction, one hest ignored in the hupe
. 4 that penple will learn to live with it,
may he l"cgill. In truth, noise is not so elusive.

The study of noise has drawn on both
psychology and physiclogy to become
a definitive human-faclors  discipline,
People react to noise in predictable ways.
Some noise is good neise. Levels at which noise becomes annoying or
harmful ean be measured and defined, Standards for acceptable noise
can be established as rationally as mechanical requirements.

The progress in noise control is fortunate, because noise has, in a
sense, potten oyt of hind. Surveys indicate that the rush into the age
of technalogy has raised the average noise level by a decibel each
yeal wvel ihe last 25 years,

The trend does not necessarily mean thal we are on a collision
ceurse with cacophony, for society is pow forcelully applying checks to
prevent an unbridled increase in noise. The principal controls are
socinl pressure, buyer resistance, and laws—truly a complex
assortment of considerations,

The problem, therefore, assumes many facets. Even if the puorchaser
af 4 machine dogs not ohject ta its sound output, the community
may object—and place restrictions on the machine operation,

Or acoustic fatigue may affect the operator in subtle ways to bring
abeut poor mental attitudes or alleged injury.
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The useful aspects of noise must also be considered. The rush of
wind around a cruising automobile conceals mechanical noise and body
squeaks. The hum of the turbine engine soothes the air traveler, Back-
ground noise in a busy office masks conversation in an adjacent office, and
serves the same purpase as thicker walls and more expensive construction,

Nolse is helpfut when it signals impending failure, ns with cracked
hearlnps or pitted gears, Noise also indicates Imbalance and vibration
in rotating machinery. Hissing air warns of a gasket fallure. Changing
pitch cautions that an engine or motor is running erratically, But useful
noise ig rare, and annoying nolse is common, so the problem usually is
one of nolse prevention and control,

Researchers have established recommended limits for nearly every
aspect of noise. Criteria have been developed to protect hearlng, to
permit unstrained conversation, and even to prevent various degrees of
simple anhoyance, The experts know approximutely how much background
nolse people want or expect for sleeping, for relaxing, for office work,
for the classroom, for the auditorium or concert hall, for the restaurant
ond the retail shop, for talking on the telephone or conferring in a con-
ference room, for worklng In machine shops or mechanical arcas, even
for feeling comfortable in an airplane, train, or automobile.

Noise-measurement instrumenis provide accurate descriptions of noise
characteristics, And by comparing this description with the applicable
fioise criteria, suitable nolse-control measures can be pravided.

Some of the ramifications of noise and motives for its control are
obvious; others are subtle. Granted, noise disturbs sleep, interrupts con-
versation, and generally annoys people, DBut the more profound aspects
require penetrating insights; Does noise damage hearing or have other
psychological effects? Does it reduce efficiency? What are public attitudes
on noise? What noise-abatement laws must mechanical devices adhere
to? In short, what are the incentives to contral nojse?

To Prevent Deafness: Stand too close to an exploding firecracker,
and you are likely to wind up deaf—at least temporarily. Everyone realizes
that, Not so apparent is the fact that the effect of noise on people is
cumulative; it produces an “acoustic fatigue!' Repeated moderate noise
builds up to infliet the same damage as a single loud noise, But even

mare important, repeated neise is the only type
(short of a shattering explosion) that produces

The case permanent hearing loss,
. Some of the hearing loss from acoustic fatigue
for qu:ef is recovered when the noise Is removed, But the

permanent damage cannot be determined untii
the Injured person hus been away from the in-
jurious noise for several months, With- exposure to moderately intense
noise, separation of only a few weeks will allow a valid test for permanent
dampge, But hearing ability may nol stabilize for many months after an
explosion or other intense noise,

The hearing loss suffered from years of exposure fo noise usunlly
differs in various parts of the hearing range. One study (see graphs on
page 178) on pecple who regularly worked in a 90 db noise environment
showed little hearing loss In the 1000 Hz range until some 30 years of
exposure, The same group, however, lost more than 50 db in the 4000 Hz
range after an_exposure of about 16 years,

People differ greatly in their susceptibility to hearing loss. DBecause
some ears are more sensitive thun others, it is impossible, in terms of cost,
for industry to establish controls that would protect every worker against
all noise-induced hearing loss,

It may be possible, however, to detect those whose hearing is most
likely to deteriornte with extended noise exposure, Such individuals can
then he trensferred to quleter johs, At present, many olologists believe
that the best Indicator of susceptibility is prabably early evidence of per-
manent threshold shift at 4000 Hz (see graphs).

Most employers in noisy industries are piving serious attention to
prevention of noise-induced hearing loss. The hearing of employees often
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Is tested upon employment, prior to exposure to high nolse levels, and at
freguent times afterwards, Workers in nolsy locations usually are required
to wear earplugs or noise-attenuating ear muffs. A worker usually s
transferred to snother job If he shows a tendency toward greater-than-
normal hearing loss at 4000 Hz,

Many states have laws that establish the rights of a worker to preserve
his ability to understand speech, even If loss of henring does not prevent
his earning a living. A few states already have laws requiring the worker
to protect his hearing and requiring the employer to provide the earplugs

e

or ear muffs necessary for protection.

To Allow Conversation: The average sound of speech, for good verbal

conversation, must be approximately 15
db ahove hackground noise in the fre-
quency range most used in speech—300
to 5000 Hz, Ordinary conversation is
conducted at a level of about 50 to 60
db in this frequency repion (for talking
distances of about 3 to 6 ft). Back-
ground nolse, thewelue, should be no
higher than about 30 to 40 db in these
octave bands if speech is to be under-
stood without delays, difficulties or
eITors,

Addressing machines, accounting ma-
chines, data processing machines and
some duplicating machines often ex-
ceed this level and are therefore intoler-
nble in an average, qulet office. They
wouid bring to & halt any wverbal com-
munication at normal voice levels, In
a noisy plant or production area, verbal
communication may be restricted to just
a few shouted words, The point to re-
member is that even relatively low noise
levels can still interfere with verbal
communication—a fact to be considered
during the early stages of design,

To Keep Workers Happy: No one has
ever proved conclusively that naise in-
fluences work output, It does not gen-
erally affect the abillly to reasonm, to
perform mathemoatical caleulation, or to
aperate equipment, But noise can cause
distractions and encournge accidents,
Prolonged exposure to loud noise may
reduce vigilance and promote irritability,
annoyance, ond fatigue,

A Close Call With Chaos

BETWEEN 1951 and 1955, managers of troditionally
nnlsy industries—such as textlle mills, alrcraft plants,
and metalworking shops—wero extremely dlstressed by
a cqurt decision regarding noise,

It all started in 1048 with an obscure labor-relations
case In New York State.  Matthew Slawinshl helped
operate A drop forge in the J. H. Willams Ca, Con-
tinucd exposure to the nolsy forge had made him par.
tialty deaf, He filed a clalm agninst his employer on
the ground that polse-induced deafness s nan occupa-
tional dlsense, and that he should receive compensation
based on exIsting schedwles for occupational dlsability.
The New York State Court of Appeals (208 N.Y, 540)
ruled In hiz favor, even though he was not disabled
from ecarning full wages at his regular job, He was
awarded $1,6G1,25.

Acrass the nation, hundreds of claims for cceupntiopal
loss of hearing were soon filed by employees agalnst
thelr employers, By 1955, at least one stals offleinl
estimated & total mword potentlal on the order of bil-
lions of dollars,

Industey was spased thls ageny by subsequent court
rutings, first in New York, and then in other states
The courts ruled that since a part of the measured
kearing loss is caused by reversible ncoustic fatigue,
the permancnt Joss cannct he delermined untit after
the employee has been separated frem the inlurious
noise level for slx months, Most workers refuse to give
up their wages for this length of time.

Noise also affects morale. Given the choice to work or relax in

either quiet or noisy surroundings, the average person will choose qulet
every time. DBut, average does not mean every. Surveys show that about
one-fourth of the population secms to be unperturbed by any noise level.
Apparently, these pecple could (and often do), work in noisy environ-
ments and live happily next to clevated trains, highways, and airports.

To Keep Neighbors Happy: The courts are swamped with suits brought
by individualz and community proups seeking rellef lrom excessive noise.
In 1965, over 150 civil suits concerning jet-nircraft noise were pending
before the nation's courts. Highways, factotles, power plants, playgrounds,
community swimming pools, sports stadiums, and police stations are
opposed by local residents on the grounds that they create too much noise.

In one industrial community there is an installation of large fans
that ean be henrd more than 8 miles away ih a qulet rural town. One
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Hearing loss suffered from years of exposure 1o nolse usually dif-
fors with the various frequencies of percoptibla sound. One of the more
oxtensive studies Involves 400 men and 90 women known to have no
atolegical impairment. The group had, for periods as leng as 40 years,
been regularly exposed 1o noise of 90 db in each of the six ectave fre-
quency bands between 150 and 9600 Hz.

The study found that apprecioble hearing losses at 3,000, 4,000,
and 6,000 Hz occurred In the first 15 years. At 500, 1,000, ond 2,000
Hz, hearing lossos incroased loss rapidly, essentially as [inear functions of
exposuro time, Somse of the men tested, oven those as young as 30
yoars old, faund it difflcult 1o unclerstand speech, after about ten years
of exposurs, Loss at 6,000 Hz was somewhat less than at 4,000 Hz.

Men showed groater increases in hearing losses than women, The
difference may have'reslted, in part, from the fact thar the women
had regular work breaks during each shift. The men did not,

The study also,showed that peapls difier greatly in their suscepli-
bility to hearing loss. After 10 years exposure, the spread in hearing
loss at frequencies of 3,000 Hz or more was obout 15 db.  After 25
years, the spread incroasod to about 30 db,

the Care and Proservation of Hearing
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In ony frequency ronge, speech varies
in Intensity by ahout 30 db. Tho peaks of
speech (at the 1% level) lie cbour 12 db
above the average lovel; the minimums lie
about 18 db below the average. The
sound-pressure levels are normalized 10 o
bondwidth of 1 Hz, Speech levels shawn
aro for an averoge young male speaking
with @ noermal voice to a listener 3 ft away.
Region below the threshheld of audibility
is for continuous spectra sounds for an age
group of 20 to 2% years.

Parmissible daily duratien of exposure 1o
nolse can be established in terms of fre.
quency and noise level. These paoriicular
curves are for a doily exposure for 10
yeors, A typical parson should sustain no
substantial hearing lass (less than 15 db by
the American audiometric reference zero at
1,000, 2,000, ‘ond 3,000 Hz) over that
period for noise conditions within the limits
established by the curves. For example, o
man exposed for 30 minules daily o nolse
of 105 db in the 500 Hz band,'100 db in
the 1000 Hz band, and 25 db in the 2,000
Hz band should suffer no impalrment in
abllity to understand speach for af [east
10 years.
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for the War on Noise

Many ofolopists beliove
that the best indicatlon of
suscapliblilly to loss of hear.
Ing Is oarly evidonce of par-
manent threshold  shift at
4000 Hz, The increase in
thresheld at that froquoncy
is most rapid during the eatly
yoars of exposure ond tends
to slow down after 12 10 15
years, The curves above ara
adjusted 1o begin at a com-
mon origln, representing an
upe of 18,
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Legislation proposed in

California  woauld

limit passenger-cor nolse levels to 82 dbA,
Measurements show that some older vehicles
axcead this limit at speeds os low as 45 mph,

The proposed Californla legislation would
limit trucks to 22 dbA, Even with good muf.
flers, speeds over 50 mph will couse some
problems. On o level highway, o truck with
poar muffling is about twite as noisy (10 dbA)
as a truck with good muffling,
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Nobody needs proof thet the noise of o possing loco-
motive Interrupts conversation, but here is a graphical
representation showing exactly why such loud sounds
hlot out speach. The noise of an approaching traln,
Panels 1 through 3, can be ropresented of a masking
effect on normal speech. Panel 4 represents conditions
on o station platform as the train passes.
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nearby resident complained that the high-powered fans, that operate 24
hours a day, “sounded like a motorboat that would never go away.”
Another manufacturing plant that operates n forging hammer is threatened
with a law sult if it continues nighttime work,

One community is annoyed by the nighttime noise of a truck marshall-
ing area, Another group of neighbors are bothered by a loud-speaker
system that calls outdoor workers to the telephone at a nearby power plant.
Horn-honking is periodically curtaited by strict law enforcement In some
noise-conscious citles, Nighttime helicopter operations at midtown heli-
ports are restricted in several cities. To combat such nuisances, state
highway patrol officers in some states are learning how to use sound-
level meters.

‘To Obey the Law: Perhaps the significance of the concern by society
is the fact that povernment agencies, both at the local and federal level,
are beginning to show considerable interest in noise control and abatement.
An example is in the aircraft industry, where the FAA has estgblished
noise criteria for the supersonic transport during take-off and landing.
'fhe agency has prepared a bill, one that the President is recommending
to this session of the 90th Congress, to set maximum noise levels on all
new ajrcraft,

Lepislative proposals do not stop with aireraft. The State of California
has proposed legislation which would prohibit noise levels in excess of
82 dbA for passenger cars, and 92 dbA for trucks and buses at posted free-
way speeds (or the maximum speed of the vehicle).

The DBritish government is considering a law that would require all
new passenger cars and trucks to be quieter than 85 dbA. Motorcycles
and other mechanically propelled two-wheeled vehicles would be limited
to 90 dbA, The acoustical test for British automobiles requires measure-
ment of the noise at a point 25 {t from the centerline of the lane in which
the vehicle travels, for three different operating conditions: 1. constant
speed of 30 mph and top gear; 2. starting from a steady speed of 30 mph
and--begining 32 ft before passing the test microphone—accelerating as
rapidly us possible over a distance of 65 ft; and 3. maintalning o constant
speed of 30 mph at fuil throttle with brakes applied. The highest noise
level obtained under these three condilions is used (o rate the vehicle.

In France, masimum permissible noise levels derermined under the
British test regime are 83 dbA for passenger cars and small trucks, B6
dbA for motorcycles, and 90 dbA fnr large trucks and buses.

As technology creates even more patential for noise, and as man crowds
further in on his neighbors, quiet operation may Dbecome a necessary
product fenture, If quietness is not essential for sales: purposes, it could
well be mandatory under regulatory standards. In the future, noisy
praducts may be jllegal,

To Sell More Products: Many noisy products are sold. The vacuum
cleaner, automatic dishwpsher, garbapge disposal, air conditioner, and power
lawn mower ar¢ notable examples of noisy applinnces. Diesel and gus
turbine generators, cooling fans, reciprocating machinery, punch presses,
grinders, riveters, and many other types of machinery penerate con-
siderable noise. Transport noise, particularly from trucks, buses, trains,
and airplanes, is particularly annoyinp.

What can be done about noise from these sources? Sometimes the
product can be redesigned. For example, suitable isolation of the driving
parts and possible strengthening or damping of sheet metal enclosures
noticeably reduce the radiated noises from many appliances. The auto-
matic dishwasher can be guieted but may require a 2 or 3-in. increase In
size, and may cost the customer an additional $10 or $15. An industrial
machine can be guieted, but the noise trentment may require operational
compromise, The bus, subway, or garbage truck can be quieted, but they
will cost more, and the cily officinls generally will not pay extra for
quieter vehicles unless city dwellers complain about the noise of present
vehicles,

What happens when you try to convince an appliance manufacturer
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that he should design a quieter but more expensive product? He immedi-
ately cites examples in which the Investment did nat pay off—for example,
the quiet typewriter that sold no better than standard models . . . the alr
conditioner that was noticeably quieter than competitive models but did
not sell because stores would not stock it at the higher price and because
the public could not distinguish an advantage between it an other makes
in the noisy department store,

However, the public is beeoming much less tolerant of noisy products.
Quietness has sold many products, and will sell many more, The quiet
marine outboard motor is one example; the electric blanket with a guieter
thermostat [s another, ‘The slogan, "The Ford rides quieter than the Rolls
Royee," and the Rolls Royce slogan, “At G0 miles per hour, the loudest
sound you hear Is the ticking of the dashboard clock,” were designed to
link quietness with quality.

Three attributes are important to any discussion of noise: Intensity,
time-pattern, and frequency.

Intensity is “londness,” usunlly measured in decibels but often meas-
ured in other unlts, Naturally, the higher the intensity, the more distutblng
the noise. Above a certain level {and duration of
exposure at that level) there is serious risk of dam-

nge to hearing, HOW ’OUd
But loudness is often more important in relative, .
rather than ahsolute, terms. If a product is used 15 loud?

in an area where there already is appreciable
background noise, the sound that It penerates is
less objectionable than if it is used in quiet surroundings, Strange or
unfamillar noises are more disturbing than commonly recognized noises.

Time-pattern is a factor in the relative acceptability of noise. Factors
in this category include how rapidly the noise occurs, whether it oceurs
during the day or.night, summer or winter, or whether it iz steady or
intermittent, whether it begins abruptly or gradunlly, and whether it is
Impulsive or continuous, A housewife, for example, will tolerate the neise
from a vacuum cleaner if she uses it occasionally. But suppose she uses
it every day for several hours? Or runs it when her husband Is sleeping?
Obviously, various standards can apply to a single device.

Frequency is usually considered in terms of frequency distribution,
Most devices emit a full range of frequeneles, For analysis, such complex
sound is divided into frequency intervals. The relative sound energy
in ench interval can then be delermined. Comman practice is to divide
sound into eight or nine ranges from nbout 20 to ahout 10,000 Hz—
essentiolly the full audio frequency range of humans,

This type of frequency analysis is necessary for two reasons, First,
the human ear is considerably more sensitive to sounds in the high [re-
quency repions than it is to sounds In the lower regions. Thus, an analyst
must know the frequency composition of a sound to judge how a human
will respond to it, For example, a high-pitched sound usually must be
20 to 30 db lower than a low-pitched sound for the two to be comparable
in terms of human response,

A second reason for the frequency analysis is that ncoustic controls
must be designed neccording to the frequency content of the noise. For
example, a control designed to reduce high-frequency noise may not reduce
low-frequency noise at all, Likewise, low-frequency controls may not
sllence high-frequency noise, Thus, what is acceptable nolse or nolse
control in one produet may be unacceptable in another, Interaction of
all characteristics of sound must be considered.

Noise reduction should start with a study to determine the sources
and paths of nolse. For example, it is important to determine whether
the noise is radiated directly from the source as airborne noise, or whether
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it s carried by structural paths to other parts of the machine where it Is
radiated by secondary sounding boards. In addition, It is important to
determijne the true cause of the noise, Is it the
drive molor, gear train, bearings, hydraulic sys-

REd ucing tem, or exhaust?
. A diagnosis is easler to perform on an existing
noise preduct than on a product under design, But cven

a completely new product usuatly poes through
n model and field-trial stage, and a detailed acoustic
study can be made at that time.
What can be done when unnceeptable noise sources and paths have
been identificd? Several courses are possible,

Redesign the Source: Complex machines often evolve from earlier,
simpler models that operate slower and perform fewer functions, The
nceoustie design of the later models has usually been of little concern,
particularly if it would have interfered with any other functional charac-
teristic,

Possihly some of these machines have squeezed the last ounce of
function out of the basic design. B may be worthwhile to stare fresh
with new designs and new processes if still greater performance or noise
reduction is a serious objective.

A pood example is the turbojet engine. Noise from a jet engine
increases according to the eighth power of the exhaust velacity, There-
fore, a development such as the fan-jet, with its lower exhaust velocity,
significantly reduces engine noise. From the early days of the jet engine
until now, engine noise has decreasd 5 to 10 db, while engine thrust
has neatly doubled, Rubber-tied subway trains and sonic pile-drivers
are other examples of new design concepts that reduce operating noise,

Of course, some products are inherently noisy. The sonic hoom is
o phenomenon that cannot be climinated by any knawn technique, The
only cures available are limitations on speed, flight path, and number
of flights, For other inherently neisy equipment, such as forge hammers,
punch presses, and log chippers, the best solution is to {solate cither the
nolse source or the operator,

Adjust Output Rating: Other adjustments are possible if a new
design concept is not available. Power can be reduced (noise is energy con-
verted into sound), speed can be changed, or new materials and different
structures can be used,

Add Surface Damplng: Damping can be helpful where lightweight
metal transmits or radintes structure-borne sound, Commercially available
demping tapes or spray-on deadening materinls can be epplied to reduce
radinted sound by a few decibels.

Isolate Vibration: Vibration isolation is helpful where structural paths
are major causes of noise. Isolation typicully reduces noise anywhere
from a few db up to 20 or 30 db.

Add Darriers: The absorbent-lined telephone booth Is an example of
a pood acoustic barrier. Large inside surfaces of acoustic absorption
and walls that reflect unwanted exicrior nolse combine to reduce noise
as much as 5 te 15 db inside the cpen-front telephone booth, In n some-
what simllar manner, this same type of barrier can partially contain a
nolse and reduce noise radiation, Barriers (and almost all noise reduction
devices) are mare effective in the high frequency regions than in the
low frequency teglons,

Line Ducts and Passages: Noise transmitted through slots or passapge-
ways can be reduced by andding absorbent linings, Ordinary lining can
reduce high-frequency noise by 2 to § db per foot of length, Thick linings
are required for substantial reduction at lower frequencies,
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Use Mufflers: Special mufflers of parallel or undulated baffles may
Je required where large quantities of alr must pass through openings,
The dimensions of the mufilers can be selected to attenuate specific
frequencies, Middle and high frequency sounds are more easily controlled
by mufflers than are the low frequencies,

Condition the Environment: Noise reduction need not deal exclusively
with the equipment generating the sound. If a machine Is to be used in
a fixed location, sound-conditioning the site is often helpful. Noise levels
inside a room or enclosure ure higher than out-of-doors where noise
radiates away freely. At least some of the sound build-up can be kept
under control by placing sound-abserption material inside the room.

Such techniques typically reduce the average noise level (at reason-
able distances from the neise source) by about 3 to 6 db in the low
frequency reglon, and by about 5 to 10 db in the high frequency region.
At disiances of only 2 to 5 ft, the direct sound Is nearly always louder
than the average sound in the room. Room ahsorption is thus not much
help tn the operator af a nnisy machine. However, the technique lessens
noise from adjacent machines.

In the outdoors, noise attenuates by 6 db for each doubling of distance
awny from the source. Inside n building, noise decreases at about 3 to
6 db for each doubling of distance in the vicinity of the source. But be-
cause of reflecting surfaces, the decrease may be only 0 to 2 db for each
doubling of distance at locations farther from the source.

Keep People Away: 1t is often practical to completely house a noisy
machine in its own room or enciosure, Perhaps the operator can remain
in the quieter area qutside the enclosure. But even if he cannot, the
enclosure benefits other workers in the area.

Acoustical considerations in the design of noise enclosures include
welght and composition of the walls, gasketing and silencing of doors or
access porls, and lining or haffling of open passageways.

Undarstanding the general principles of noise aids In recugnizing whether a
problem exists, and helps in directing worle toward solutions, But a maore direct
approach is to drow on experience available In the problem area at hand.
Approaches found satisfactory in specific fields are detailed In articles thot follow,

Leo L. Beranok, President and Chief
Executive Officer, Bolt Beranek and
Newman inc., Gambridge, Mass,

Or. Beranok, whose work in acous.
tics is international in scope, has
written four bocks and edited a fifth
valume on the subject, He has
lectured to groups in the 4. S, apd
many foreign couptries and is the
author of 80 papers,

In 1936 Dr. Beranek received his
bachelor's degres In physics and
mathematics from Corneil College,
Mount Vernon, lowa, Then he went
fo Harvard o earn M.S, and D.Se.
degrees, both in applied physics and communlications en-
gineering, He stayed on at Harvard as an instructor in
these subjects, and he served as an assistant professor for

Laymaon N. Miller, Prin-
clpal Consultant, Bolt
Beranek and Newman
Inc., Cambridge, Mass,

Mr. Miller joined Bolt
Beranek and Newman In
1954, six years after the
company was founded.
From 1945 to 1954, he
was affiliated with the
Ordnanco Resesrch Labs
oratory, Pennsylvanla
State University, first as
assistant professor, then
assoclate professor, and

finally professor of engineering research. Previ-
ously, he was a research assocjate at the Under-
water Sound Laboratory of Harvard University,

two years, He became director of Harvard's Electro-Acous.
tics Lahoratory, then director of the Systems Research Lab-
aratery, In 194647 he worked jointly at Harvard and MIT
under a fellowship, He was associale professor of com-
munications engineering at MIT from 1947.58 and techpical
director of the Acoustics Laboratory from 1947-53, He has
been a tecturer on acoustics at MIT since 1958,

Holder of an honorary D.Se, from Carnell College and a
Presidential Medal of Merit for his contributions to the war
effort, Dr. Beranek recoived the Biennial Award of the
Acoustical Society of America for outstanding caontributions
to acoustics in 1944, and he served as president of the
society frem 1954 to 1955. Other saciety affiliations in-
clude the National Academy of Engineering, the Audio En-
ginecring Society, the American Physical Society, the Ameri-
can Association for the Advancement of Science, the Ameri-
con Academy of Arts and Selences, and the Institute of
Electrical and Electronics Engineers,
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At the two univarsity laboratories, Mr, Mlller
worked in the fields of underwater seund trans-
mission and reception, including transducer de-
sign, torpedo acoustics, and noise reduction in
underwater devices.

He has a bachelor's degree from Texas Col-
lege of Mines and a raster's in physics from
the University of Texas, ) )

Mr. Miller's present work in acaustical engi-
peering and industrial noise control Involves
ptants, offices, and public buildings; airport
planning; and quieting of machinery, manufac-
tured products, vehicles, and aircrait, He is a
Fellow of the Acoustical Society of America and
a member of the Committee on Nojse. He has
lectured extensively on acoustics and noise con-
tral and is the author of mere than 20 papers
and articles.
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Use Mulflers: Speclal mufflers of parallel or undulated baffles may
se required where large quantities of air must pass through openings.
The dimensions of the mufflers can be selected to attenuate specific
frequencies. Middle and high frequency sounds are more easily controlled
by mufflers than are the low frequencies.

Conditlon the Environment: Noise reduction need not deal exclusively
with the equipment generating the sound. If a machine is to be used in
a fixed location, sound-conditioning the site is often helpful. Noise levels
inside a room or enclosure are higher than out-of-doors where noise
radintes away freely. At least some of the sound buildup can he kept
under control by placing sound-zbsorption material inside the room,

Such techniques typically reduce the average noise level (at reason-
able distanees from the noise source) by about 3 to 6 db in the Jow
frequency reglon, and by about 5 to 10 db in the high frequency region,
At distances of only 2 to 5 ft, the direct sound is nearly always louder
than the average sound in the room. Room absorption is thus not much
help to the operator of a noisy machine, However, the technigque lessens
noise from adjacent machines.

In the outdoors, noise attenuates by 6 db for each doubling of distance
away from the source. Inside a building, noise decreases at about 3 to
6 db for each doubling of distance in the vicinity of the source, But be-
cause of reflecting surfaces, the decrense may be only 0 to 2 db for each
doubling of distance at locations farther from the source.

Keep People Away: It is often practieal to completely house a noisy
mnachine in its own room or enclosure. Perhaps the operator can remain
in the quieter ares gqutside (hc enclosure. But even if he cannot, the
enclosure benefits other workers in the area

Acoustical considerations in the design of noise enclosures include
weight and composition of the walls, casketing and silencing of doors or
access ports, and lining or baffling of open passageways,

Understanding the general preinciples of noise aids In recopnizing whether a
problem exists, and helps in directing work toward solutions. Gut & ynure direct
approach is to draw on experience available in the problem area ot hand,
Approaches found satisfactory In specific ficlds aro detailed in articles that follow,

Leo L, Beranek, President and Chief
Exccutive Officer, Bolt HBeranek and
Newman Ing., Cambtidge, Mass,

Dr. Beranek, whose work in acous-
tics is international in scope, has
written four books and edited & fifth
volume on the subject. Hae has
lectured to groups In the U, 5. and
many foreigh countries and is the
author of 90 pagers.

In 1936 Dr, leranek received his
bacholor's degree in physics and
mathematics from Cornell College,
Mount Vernan, lowa. Then he went
t¢ Harvard to earn M.S, and D,Sc,

Laymon N. Miller, Prin-
cipal Censultant, Bolt
Beranek and Newman
Inc,, Combridge, Mass,

Mr. Miller Joined Bolt
Beranek and Newman In
1954, six years after the
company was founded,
From 1945 to 1954, he
was affilisted with the
Ordnance Research Lab-
wratery, Pennsylvania
State University, first as
assistant professor, then
associnte professot, and

degrees, both in applied physics and communications en-
gineering. He stayed on at Harvard as an inStructor in
these subjects, and he served as an assistant professor for
two years, Me became director of Harvard's Electro-Acous-
tics Laboratory, then directer of the Systems Research Lab.
aratory, In 194647 he worked jointly at Harvard and MIT
under a fellowship, He was associate prefessor of com.
munications engineering at MIT from 1947.58 and technical
director of the Acoustics Laboratory from 1947-83. He has
been a lecturer on acoustics at MIT since 1958,

Holder of an honorary D.Sc, from Cornell College and a
Presidential Medal of Merit for his contributions to the war
effort, Dr. Beranek received the Biennial Award of the
Acoustical Society of America for outstanding cantributinns
to acoustics in 1944, and he served as president of the
sociely from 1954 to 1955, Other soclety affiliations in-
ciude the Naticnal Academy of Engineering, the Audio En-
ginaering Society, the American Physical Saciety, the Ameris
can Association for the Advancenient of Sclence, the Ameri-
can Acaderny of Arts and Sciences, and tho Institute of
Electrical and Electronics Engineers.
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finally professor of engineering research, Pravi-
ously, he was a research associato at the Under-
water Sound Laboratory of Harvard University.
At the two university laboratories, Mr. Miller
worked in the fields of underwater sound trans.
mission and reception, including transducor de-
sign, torpedo acoustics, and noisa reduction in
underwater devices,

Me has a bachelor’s degree from Texas Col
jege of Mines and a master's in physics from
the University of Texas. )

Mr. Miller's present work in acoustical engi-
neering and industrial noise control jnvolves
plants, offices, and public buildings; airport
planning; and guieting of machinery, manufac-
tured products, vehicles, and aircraft, Ho s a
Fellow ol the Acousiical Society of America and
a member of the Committee on Nolse, He has
lectured extensively on acoustics and nolse con-
tral and is the author of more than 20 papers
and articles,
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