CHAPTER 46

CONTROL OF COMMUNITY NOISE FROM INDUSTRIAL SOURCES
Lewis 8. Goodfriend

INTRODUCTION

There are many potential sources of com-
munity noise in an industrial plant. However,
there are only six general classes of noise sources:
a) power generating units, b) fluid control sys-
tems, ¢) process equipment, d) atmospheric inlets
and discharges, e) materials handling, and f) plant
traffic. Although not a source, architectural and
engineering deficiencies also contribute to com-
munity noise by allowing plant noise to escape into
the community.

Within each of the above classes, there are
several types of machines or processes that create
the noise. The actual noise source within each
machine or process is due to one of a very him-
ited number of physical noise generating mecha-
nisms.

Before describing each of the major industrial
noise source categori¢s, the physical generating
mechanisms will be outlined, after which the ma-
chines, processes and systems in industry that
generate community noise will be described. This
will be followed by a discussion of the response
of people to noise in the community and the
methods for delineating or comparing community
noise levels, The chapter concludes with a presen-
tation of methods of reducing industrial noise in
the community and the outlook for future needs
and methods of noise control.

NOISE GENERATION

The noise generating mechanisms which oc-
cur in industrial machinery are: impact, gas flow
phenomena, perturbations in fluid flow, combus-
tion, friction, dynamic imbalance of reciprocating
and rotating machines, and magnetic excitation.
Each type will be discussed briefly with respect
to the types of industrial machinery and processes
and their particular systems of noise generation,
transmission paths, and radiators.

Impact

The most familiar of the industrial impact
phenomena are probably those from the forge
hammer and the punch press. These produce in-
tentional impacts which occur as a direct result
of the energy in a flywheel or force of gravity on
a drop hammer’s mass being expended on the
workpiece.

Other sources of impact include: repetitive
chipping and scraping, bulk handling of small
parts, e.g., tumbling, and the use of negative clear-
ances in some processes. Another class of im-
pacts is unintentional. This occurs when poor ma-
chine design, installation, or maintenance permits
over-travel of machine elements.
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Gas Flow Phenomena

The sound of escaping air or steam is prob-
ably the most familiar gas flow noise. However,
other conditions associated with gas flow, such as
turbulent flow and flow around obstacles, can pro-
duce noise. Where the obstacle is a sharp edge,
it is possible to generate intense tones. Similar
intense acoustic signals are generated by flow
across spaced obstructions such as stiffencrs in a
duct. Flow across the face of a cavity will pro-
duce noise which can be amplified by other parts
of the mechano-acoustic system.

Air flow causes noise, The hissing noise made
by a high-pressure air line open to the atmosphere
and the swishing noise of the air flowing past the
open window of a car are both examples of air
flow noise. There are two separate mechanisms at
work here. In the open air-line case, the sound is
generated by the non-uniform flow. In other
words, the eddies or turbulences within the air
stream generate noise, and the larger the differ-
ence in velocity between the air stream and the
stagnant surrounding air, the more noise¢ which is
generated. In the second case, the obstacles in
the air stream cause vortices downstream of the
obstacle. Since it takes time for the vortices to
form, be shed and be followed by another, a peri-
odic system, the sound generated is characterized
by tonal quality. Noise from such air flow gen-
erators can be amplifiecd many times to produce
intense whistles as will be discussed later. The
usual sources associated with noise generation by
air flow include fans, obstacles in air streams, leaks
and open bypass valves in the air handling system,
whether of high or low pressure.

The siren effect is responsible for many types
of gas flow noise. A siren basically is a device
which emits puffs of air in a cyclic pattern. Clas-
sically, it consists of an air supply and a rotating
disc with holes that match one or more holes in
the air supply. When the holes of the disc are
aligned with those of the air supply or “wind box,”
air can escape freely. At other times, the air is
essentially cut off. The repetitive release of air
makes a sound of tonal character. The volume of
air released at each matching of the holes deter-
mines the intensity of the noise produced. The
siren effect is responsible for the noise of compres-
sor inlets and air turbine discharges. Also, a
similar sound is made by a power saw’s teeth
which cause perturbations in the air near the
blade as the teeth pass fixed portions of the saw.

A special type of gas flow phenomenon which
generates flow noises is the preduction of large
volumes of hot, turbulent gases as a result of com-



bustion of fuels, whether solid, liquid or gaseous.
The expansion of the gas as it is produced and
heated causes intense local acoustical disturbances.
This gives combustion noise its distinctive low-
pitch rambling sound. Where combustion takes
place unevenly, the nois¢ is rough and uneven.
In some instances the acoustic signal is so strong
as to extinguish the flame which is reignited by a
pilot flame or the heat of the burner, and this
cyclic behavior can gencrate serious vibration,
often resulting in structural damage. The noise is
often an intense low frequency pulsation.
Friction

Another source of noise generation is friction.
Although we generally associate energy losses due
to friction with heat, friction causes two kinds of
noise generation. The first is a series of miniature
impacts as the imperfections in one surface are
forced over another surface without any lubrica-
tion. The sound is somewhat like that from air
noise and the sound output is a function of sur-
face smoothness and speed. The second type of
friction noise is stick-slip noise. Here, the friction
causes a moving part to stop or slow down im-
perceptibly and as the driving force builds up,
the friction is overcome and the parts slip by each
other for an instant. Then, they grab again. This
action produces high stresses in the parts and the
sticking and slipping phases occur at high speeds,
thereby producing an intense, high frequency phe-
nomenon. Where the combination of part size and
shape permit effective radiation of this type of
sound, an intense sound will be radiated.

Dynamic Imbalance

Almost any kind of dynamic imbalance in
high speed machinery will cause mechanical vi-
brations. Where the appropriate acoustical con-
ditions exist, the vibrations will be converted into
acoustical energy. This energy may be radiated
efficiently by some machine parts and housings.
Typical sources are fans, pumps, engines, (both
reciprocating and turbine) and compressors, Im-
balance forces may be transmitted through bear-
ings. Although bearing noise is partly friction
noise, bearings can generate noise by the impact
of imperfections in the bearings on other bearing
parts at high speed. This causes vibrations which
are readily converted to sound by the castings and
housings. Generally, bearing noise is not a major
source.
Magnetic Excitation

Although electrical machines are not generally
considered as noise generators, motors, generators
and transformers are capable of being major noise
sources. The magneto-acoustic forces occur as a
result of the magnetic forces on conductors and
rotor and stator. Since there is no magnetic bias
field like that due to the permanent magnet in a
loudspeaker, the magnetic fields developed at both
the positive and negative swings of the power sup-
ply line voltage in AC machines cause an unidi-
rectional force. Thus, for each cycle of the line
frequency there is a magneto-acoustic force of
twice the frequency. Because of non-linearities in
the magnetic and mechanical systems, the acoustic
output can have a high harmonic content. The
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radiated sound can, therefore, be rich in mid-fre-
quency components. In some transformers and
motors, the maximum levels occur for signals at
six and eight times the line frequency.

In addition to the magnetic excitation, motors
and generators produce noise from the radial
blade fans used to cool the device by forcing air
through or across the casing, and from the shear
produced in the air as the slots on the rotor pass
those on the stator.

Noise Amplification and Radiation

Except for a few of the sources mentioned
such as fans, sirens, and air hoses, little noise
would be radiated from equipment if it were not
for subsystems which may be resonant or are effi-
cient radiators. The most familiar resonant sub-
system is the organ pipe. Without the pipe tuned
to a resonance frequency desired, the noise made
by the jet edge would be weak and would have
little tonal quality. The pipe causes sound which
has traveled to the far end to be reflected and
transmitted just in time to reinforce the pressure
variation at the jet, where a new, stronger signal
is transmitted from the jet. The process repeats
until an equilibrivm situation occurs and a tone is
radiated. There are other factors influencing the
sound output of an organ pipe type of generator,
such as the spacing of the nozzle and jet and their
relative angular positions.

Cavities with small necks produce the familiar
whistle when air is blown across the mouth. Cast-
ings can “ring like a bell,” and machined parts
such as gears can produce bell-like tones. Sheet
metal panels can resonate over a wide frequency
range, vibrating as either plates or membranes.
The theory for these subsystems is presented in
most vibration texts. Some specialized subsystems
include machine shafts at the critical speed, gas
furnace burners, cup burners, in which the source
is inside the resonant structure, and machine room
floors consisting of lightweight structural members.

Efficient radiators, formed by large surface
area flexible bodies, may be combined with reso-
nant subsystems., A small acoustical resonant sub-
system, one side of which is formed by a large
steel sheet, will drive the steel sheet as the coil in
a Joudspeaker drives the paper cone. The steel
sheet will radiate the noise very effectively.

EXTERIOR SOURCES OF INDUSTRIAL
NOISE

Power Sources

Furnaces and heaters provide the energy for a
variety of industrial processes including the refin-
ing and fabricating of metals, generation of elec-
tricity, petrochemical processes and a variety of
kilns. In some new combined cycle plants, the
hot gases operate gas turbines and then the same
gases at lower temperature and velocity heat water
in heat recovery boilers, the steam from which
operates one or more steam turbines, Also, fossil
fuel boilers generate steam for a wide variety of
industrial processes. The basic process in all cases
is combustion which by its nature produces ther-
mal and pressure perturbations in the air which
propagate as sound waves. Because of the slow



rate of flame-front propagation and the high en-
ergy release involved in the combustion, the per-
turbations, and thus, the sound waves produced,
are of low frequency and high intensity.

Furnace and boiler noise is often mixed with
induced or forced draft fan noise, but where com-
bustion is rough, the low frequency rumble is
often clearly distinguishable. The pressure pulsa-
tions can readily shake windows and cause doors
to rattle against their stops.

Both steam and gas turbine systems radiate
considerable noise from both turbine casing and
the connected ducts and piping. The gas turbine’s
inlet and discharge are often open to atmosphere.
Without mufflers they generate noise which is gen-
erally unacceptable. The inlet radiates the intense
noise at compressor blade-passing frequency and
the discharge radiates the combustion noise. The
inlet blade-passing sound is a high pitched signal
like a siren. The exhaust noise is like the sound
of jet aircraft exhaust.

Electrical power transmission systems can
cause three types of acoustical noise that can eas-
ily be heard in many rural and suburban locations
at levels quite high, with respect to the ambient
noise. These are substation transformer hum, high
voltage corona and switch-gear and circuit breaker
operations. Transformer noise is usually highest
in level at light loads occurring generally late at
night. Transformer noise is characterized by the
pure tone harmonics of 120 Hz. As the load on
the transformer is adjusted, the signal changes
character. In open country, substations can be
heard for distances up to half a mile or more. The
levels at 1000 feet can run in the 45 dB (A)
range.

Corona noise which sounds like frying has a
range of 50 to 70 dB (A) below the lines, and ap-
proaches these levels at houses along the transmis-
sion line right-of-way. It is highest in level when
the corona discharge is most severe, during periods
of high humidity, rain and fog.

The noise from air quenched circuit breakers
is an explosive sound like a gunshot. When the
circuit breaker operates, air at over 800 pounds
per square inch gauge is used to cool and quench
the breaker gap as the breaker opens. The result
is a high pressure acoustic pulse which can run
as high as 95 dB (A) at 1500 feet.

Fluid Control Systems

Pumps, both within and outside of buildings
in industrial plants, generate high level noise.
Generation of noise in pumps is caused by sud-
den changes in any of the flow parameters, vol-
ume, velocity and pressure, by turbulence, and by
the mechanical noise generated by the bearings,
seals, couplings and loose parts. The noise is
transmitted along piping and conduit and is read-
ily radiated from the pump casing, equipment en-
closures and lightweight structural and building
shell components.

Compressors generate noise at the inlet be-
cause of the rapid changes in velocity that occur
as the inlet is either opened or closed in a recipro-
cating compressor or as the blades pass the cutoff
in a centrifugal compressor. In axial flow com-
pressors, the noise originates through the inter-
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action of the fixed and rotating blades at the blade
passing frequency. This noise is radiated from the
casing of the compressor, conmected structural
members, and housing elements as well as from
the downstream piping and ducting.

Fans and blowers generate noise in a manner
similar to compressors, but work at lower static
pressures. Many fans are exhaust or induced draft
devices which are ducted on one side, but open
directly to atmosphere on the other side. The
noise generated by a fan will, in general, be a
minimum at the most efficient operating peint
for the fan. Materials-handling blowers have an
additional noise source, the mteraction of the
blade and the material itself, e.g., the scrap blower
in a paper-board plant.

Any obstruction in a fluid flow system causes
a change in velocity and can generate vortices at
the trailing edge of the obstacle. In addition, many
flow control devices obstruct the flow, e.g., fire
dampers, and may generate severe turbulence
downstream. This results in the generation of vor-
tex noise, turbulence noise, and in some cases, in-
tense pure tones due to the interaction of the vor-
tices with some resonance condition in the pipe or
duct.

Pracess Equipment

The term process equipment encompasses a
wide range of systems and machines. Typical ex-
amples will be given, but it should be fairly easy
to compare any process or machine to the list of
sources, radiating systems and resonators in order
to determine the acoustical system responsible for
the noise associated with the particular device or
system in question.

There are numerous sizes of mills ranging from
table-mounted units to those enclosed by a large
building, with basically the same process in each.
A number of heavy hard rods, balls or kmives
within the mill, work upon the material to be
milled, dividing the substance under the pressure
of the balls, rods or knives until the material is
reduced in size to the range desired. It may then
be separated by size using vibrating screens, me-
chanical separation or flotation separation. In any
case, the housing of the mill is acted upon by a
large number of impacts. Because of the large
relative area, the housing radiates the milling
sound quite well. Connected with the mill are
sets of gears, belts and bearings, which also gen-
erate large forces because of the energy being
transmitted is high. Thus, a mill may generate
bearing and gear noise in addition to the sound
of the milling itself.

Crushers, particularly ore and stone crushers,
require large amounts of power which is released
in the destruction of the bonds holding together
the particles of the material being worked. The
result is a rapid series of high energy impacts.
Crushers are often located out-of-doors or in light-
weight sheds, and in either case radiate low fre-
quency noise as well as bearing and drive equip-
ment noise from the crusher structure, enclosure,
or building.

Saws

Circular saws generate noise by siren action

as the teeth pass fixed elements in the saw and as



they pass into and out of the material being
worked. Saws also ring in the manner of a gong,
due to a plate resonance which can be excited
readily by the tecth as they strike the work and
by the sirea tone. Even if used indoors, saws can
generate noise which radiates into the community.
Cooling Towers

Among the major outdoor noise sources are
the cooling towers used as heat exchangers in in-
dustrial processes, power generation and air con-
ditioning. The cooling water is sprayed into an
air stream resulting from the action of a powerful
fan or blower. The water flows over a “fill” ma-
terial which enhances evaporation by providing a
large surface arca for contact with the air stream.
The combined heat transfer due to evaporation
and conduction provide the required cooling. The
noise generated by the fans and blowers is similar
to what can be effected from such fans. However,
they often generate low frequency noise because of
low speeds and few blades. These conditions are
dictated by the fact that these are low static pres-
sure, large volume devices of great physical size.
Another component which generates cooling tower
noise is the water splash. This contributes a dis-
tinctive high frequency sound to cooling tower
noise. When the fans are turned off, the splashing
noise can be quite annoying.

Flare Stacks

In the petro-chemical field the disposal of
waste gases is often accomplished by buming them
at the top of a tower where the products of com-
bustion can mix with ambient air and can diffuse
sufficiently to reduce both concentration and tem-
perature. The result is that the combustion takes
place in the open at the top of a tower, providing
clear line-of-sight sound propagation to the neigh-
boring community. The sound is generated both
by steam injection often used to suppress smoke,
Iuminosity and instability of combustion, and by
combustion instabilities often related to moderate
and high wind velocities, flowrates and port char-
acteristics.

Mechanical Power Transmission

The transmission of mechanical power can
readily generate high noise levels as a result of
friction and impact noise sources. Slight imper-
fections in gear teeth cause acoustically significant
perturbations in the force transmitted. These per-
turbations are often amplified by resonators in the
gear-shaft system and are effectively radiated by
the machinery housing. The mechanical perturba-
tions also shock-excite some components such as
gears which then are free to vibrate at their reso-
nance frequency. Here again, the part and its
associated structure and housing may radiate the
sound into the community.

Belted systems can generate noise by several
means, the most common of which is friction
noise. In general, belt generated noise is not a
major problem until other noise sources are elim-
inated. Chain drive systems are basically impact
generators as long as they are well lubricated, but
if not lubricated, they can become friction noise
generators and in some cases, the friction load on
the bearings increases the bearing noise,

670

Bearings in transmission systems are usually
designed to minimize friction. However, poor
maintenance and overloading can soon turn bear-
ings into high level noise sources. Since they are
attached to the structure and often the machine
housing, they can cause considerable noise to be
radiated into the community,

High Pressure Atmospheric Inlet and Discharge

Rapid pressure fluctuations such as those oc-
curring at the discharge of a diesel engine, or the
inlet of a compressor, are radiated from the inlet
or discharge as acoustic signals. The signal us-
ually has a tonal quality or contains a pure tone
{and harmonics) at the rate at which the port(s)
open or close. At the engine discharge, the pulsa-
tions may have initial pressures at many times
atmospheric pressure. In compressors, the large
volume involved often leads to high velocities in
attached piping. The pulsations from the com-
pressor inlet are transmitted as high velocity per-
turbations down the pipe to the atmosphere where
the pulses look very much like the exhaust pulsa-
tions from an engine.

Continuous flow discharge from steam, air and
gas lines, and blow down from high pressure ves-
sels and piping systems generate high level noise
through turbulent mixing of the jet with the am-
bient air. At pressure about twice atmospheric,
the flow from an air line becomes sonic; that is,
the velocity at the outlet is at the speed of sound.
At pressures above this, the velocity remains sonic,
but the nature of the flow changes and can be
spersonic downstream. In either case, high acous-
tic pressures are generated. The noise level is a
function of the eighth power of the Mach Nvmber
below sonic velocity and depends mainly on the
square of the pressure ratio across the opening
above sonic velocity. The exact level is influenced,
however, by the temperature (second power),
molecular weight and compressibility factor for
the gas (both inversely as the second power).

Materials Handling

The noise caused by materials handling is
among that most often heard outside of many
plants. Fork-lift trucks and front leaders and a
variety of cranes moving around the yard gener-
ate noise with their motors and sometimes with
their loads. Electrically operated cranes of large
capacity can be heard over large distances late at
night and are sources of complaint mainly because
of the pure tone component. Conveyors make
noise from two major sources, the material con-
veyed striking the sides of the chute or enclosure,
and the bearings and rollers on which the moving
belt, or in some cases, the material themselves
move. Belt conveyors impose large loads on the
bearings and rollers and these, in turn, can gen-
erate noise which is readily radiated by the en-
closure and structure. The sound of the large
number of wheels of the skate-wheel conveyor,
because of the nature of the wheels and the struc-
ture, can radiate at levels which may exceed ac-
ceptable community goals.

Large vibrating shakers used to empty hopper
cars radiate low frequency signals into the com-
munity by means of the large radiating area of the



side of the car. The noise is often a maximum
level below 30 Hz and can rattle doors, windows
and the china and glassware in a house at several
hundred feet. The noise level at the house is us-
ually 80 dB or more at the exciting frequency. At
this level, no earth vibrations will be measured
and the signal may only be heard by a skilled
observer when the area is noisy at higher fre-
quencies. This is due to the reduced sensitivity
of the ear at low frequencies, as well as the mask-
ing of low frequency noise and tones by high fre-
quency noise. However, the low frequency acous-
tic waves cause the walls of the building to vibrate
and, in turn, cause relative motion between doors,
windows and shelves and the rest of the structure.
High frequency vibrators (actually 60 and 120
Hz) will also radiate effectively when attached to
large sheet metal hoppers. However, the noise
level can be six to 15 dB higher when internal
springs and rubber dampers break or slip out of
position.

Other out-of-doors noise sources are the impact
of large parts on other parts of loading platforms,
the operation of dockside and platform elevators,
and the use of powered matenial handling tools.

Plant Traffic

One of the most difficult noises to define and
control in a modemn industrial plant is traffic
noise. The sources are trucks for the delivery and
shipping of goods, rail cars in the shipping and
classifying yards, and the employee automobile
traffic. These sources might be only a moderate
contributor during the day, but at night they may
stand out against a much quieter ambient noise
level. This will be particularly true where the
plant operates a second shift and plant noise drops
in level just before the outward flow of cars. Also
carly moming deliveries, before plant opening, can
cause distinctive and annoying noise.

Architectural Deficiencies

The design of industrial plants must take into
account the types of noise that will be generated
within the plant. Openings made in the plant to
install new equipment create a problem to be
dealt with carefully. Among the most important
items to consider are the adequacy of the basic
structure and enclosure, and the prevention of any
openings through which noise can escape inad-
vertently. Plant ventilation must be accomplished
without allowing the vent openings to act as trans-
mission paths between the internal noise and the
community.

THE RESPFONSE OF THE COMMUNITY
TO INDUSTRIAL NOISE

The noise which is heard in a given location
from sources far and near, including readily iden-
tified noises such as passing cars or barking dogs,
is the ambient noise for that location. Removal
of, or shutting down, all local sources under in-
vestigation leaves the only sound arriving at the
measuring location the background ambient noise,
The background ambient noise in a community
usually consists of distant transportation noise.

Acceptability of Noise in the Community
Noise in the community may or may not be

671

acceptable to the workers and citizens in the area.
Without some “acceptable” noise to mask the
more distant sounds and day-to-day activities of
our neighbors, we should find life intolerable.
Thus, the ambient noise serves a useful social func-
tion, as long as it stays within certain bounds.
Noise becomes unacceptable in any particular sit-
uation when it is distracting, especially during
creative activity and when it interferes with sleep
or with speech communication. It is also unac-
ceptable when it interferes with the ability to hear
speech or the sound portion of television, radio
or recorded programs. Industrial noise can prob-
ably be acceptable at these relatively high levels,
50 dB (A) or more, out-of-dcors when it meets
certain criteria:

a) it is continuous,

b) it does not interfere with speech communi-
cation (on the patio, at the dinner table,
or in the office),

¢) it does not include pure tones or impacts,

d) it does not vary rapidly,

e) it does not interfere with getting to sleep,
and

f) it does not contain fear-producing ele-
ments.

There are many other parameters which in-
fluence the acceptability of mnoise by individual
residents or groups of residents exposed to any
particular noise. Thus, although physical measure-
ment of the sound level is important, it cannot ef-
fectively predict the response of any specific neigh-
borhood or community to a particular noise
source. In fact, the relationships as will be deter-
mined later, between the community and the op-
erator of the noise source, and the responsiveness
of the local political authority, may have a greater
influence on acceptability of a noise than the noise
level or quality.

Measurement and Evaluation

Both the A-weighted sound level and octave
band analyses have been the major physical meth-
ods for measuring noise for purposes of evaluat-
ing its effect on the community. Octave band an-
alysis permits the comparison with contours such
as the noise rating chart or a municipal code.
Studies have shown that even though it was de-
signed for another purpose, the A-weighting does
rank human response to noisiness and loudness
quite well over a wide range of levels. Other
schemes using manipulation of octave band data
such as the Perceived Noise Level (PNL or
PNdB)* or loudness? in sones have been used
with some success for particular applications. The
PNL is derived from equal noisiness contours
similar to equal loudness contours but with a sharp
increase in sensitivity in the range 1500 and 8000
Hz. In an effort to provide a single reading com-
parable to the A-weighted measurement, the D-
weighted curve based on the 40 Noys perceived
noisiness contour has been used.

None of the methods used except Composite
Noise Rating (CNR),? based on the Noise Level
Rank Curves (Figure 46-1) have shown any re-
lation between noise and the community re-
sponse.* Recent efforts to use single number
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Figure 46-1.

measures such as the A-weighted level alone
or Noise Pollution Level (NPL) have not been
successful.>® A new effort using the A-weighted
level modified by the same factors used in CNR
has been proposed by Eldred and tested in a num-
ber of situations. Called “Normalized Community
Noise Equivalent Level (NCNEL), this measure
is based on the daily time history of the noise
exposure expressed in terms of the A-weighted
reading occurring in three periods: day, evening,
and night. A table of adjustments covering the
nature and extent of the exposure, the ambient

Noise Level Rank Curves.

levels against which the noise is heard and the
attitude of the persons exposed, is used to adjust
measured values, (Table 46-1). When the adjust-
ments are made, the NCNEL may be plotted on
a chart that indicates the expected range of re-
sponse of those exposed.

Noise Pollution Level (NPL)},* which is cur-
rently quite popular, attempts to use the statis-
tical properties of the noise exposure to describe
its noisiness. NPL is defined as L., +2.56Xs
where L., is the energy average of the noise as
indicated on a level recorder or on a statistical
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analyzer. Here, s is used as the standard devia-
tion of the noise levels from a large number of
one second samples taken during the measuring
period. Unfortunately, NPL does not distinguish
between the quiet residential background on
which are superimposed many children at play and
passing neighbors’ cars versus the rather steady
but high noise level of a downtown commercial
area. There is not enough information in the sta-
tistics alone to describe the noises that do or do
not cause a large standard deviation. One com-
mon treatment of data is the use of the tenth and
ninetieth percentile of the measured levels to indi-
cate the nature of the noise exposure. The 90
percentile values are considered to be the back-
ground ambient (the noise levels are above this
value 90 percent of the time, while the 10 per-
centile values are those of the intrusions). The
spread between the two is related to the standard
deviation, but the absolute levels indicate its ef-
fect on speech communication.

Effect of Social-Political Environment

The response of a community or neighborhood
to an industrial noise is, as has been noted above,
not necessarily related to the level of the noise.
There are many influences, not the least of which
is an interaction between the industry and the
municipal council and the citizens. It is sometimes
two-sided and sometimes three-sided, but it is in-
variably a process of accommodation on each
side. Whenever an industry proposes to locate a
plant in a municipality, it has decided to do so on
the basis of at least a preliminary investigation of
the site. Corporate officials will have talked to
local officials and there is some anticipation on
both sides that the industry will provide jobs and
tax income to the community and that the munici-
pality will welcome the industry by accepting the
gaseous, particulate, and liquid wastes and the
increase in street traffc. However, after the in-
itial decision to build a plant is made, the company
must submit plans for zoning approval at one or
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Figure 46-2.

Example of Community Statistical Noise Spectra Obtained from Daytime and

Nighttime Surveys. L., L., and L,, percentile values were obtained from 100 samples with
one second integration time.
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TABLE 46-1

Level Rank Chart. To Obtain Composite Noise
Rating of a Noise Exposure (CNR), the Sound
Spectrum is Plotted on the Chart and the High-
est Level Rank Band Penetrated, Determine the
Level Rank. The Level Rank is Then Adjusted
One or More Steps According to the Table.

LEVEL RANK CORRECTIONS FOR CNR

a) Very Quiet Suburban +1
Suburban 0
Residential Urban -1
Urban Near Some Industry -2
Heavy Industry Area -3

b) Daytime Only -1
Nighttime 0

¢) Continuous Spectrum 0
Pure Tone(s) Present +1

d) Smooth Temporal Character 0
Impulsive +1

e) Prior Similar Exposure 0
Some Prior Exposure -1

f) Signal Present: 20% of Time -1

5% of Time -2
2% of Time —3

more public meetings. Officials must answer ques-
tions from municipal officials and the public. The
process may have to be repeated four or five times.
Finally, the plans must go to the municipal gov-
erning body where public and local officials can
repeat the process. Some citizens groups have
been known to arrive with lawyers and experts,
while the company arrives with top officials and
its experts. After appropriate parrying, each side
offers some accommodation, and then the govern-
ing body may decide to approve the plans or ask
for resubmittal. In all of these proceedings, noise
is likely to be an important consideration. When
the decision to accept the plant is given, the com-
pany involved may withdraw its plans and seek
another site in a different municipality because it
has sensed the hostility of the community that it
will have to live with for many years. Even where
the approval is granted, the municipality still main-
tains control. When the plant is completed it can-
not be occupied without a certificate of occu-
pancy. This must be issued by the building in-
spector who will have been monitoring construc-
tion. If he and the other officials are not satisfied,
no Certificate of Occupancy will be issued until
the “deficiencies™ are “corrected.” Finally, the
municipal and state health officers and the state
labor department must approve the plant and its
operations.

Thus, the process of accommeoedation works to
maintain some moderation of the noise radiated
into a community. neighboring an industrial plant
(Figure 46-3). Even where a plant has existed
for many years in reasonable harmony with its
neighbors, a change in the plant that allows an
increase in sound levels in the neighboring com-
munity is likely to cause an immediate response
on the part of the neighbors. In some cases this
resuits in demands for lower noise levels than ex-
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isted prior to the change. In some cases the inter-
personal relations between plant officials and
neighbors may result in continuing skirmishes that
preclude any satisfactory accommodation on the
part of the parties involved. Even when the plant
offers to buy neighboring homes at a premium,
some neighbors may refuse, even if almost all of
the remainder of the neighbors have left what was
a substandard housing area.

In some locations, single individuals have kept
up such fights with major industries and have
forced local officials to take legal action for viola-
tions of local health statutes even though the en-
forcement results from a personal vendetta. In
general, the accommodation process has main-
tained the noise levels in communities across the
country at levels just below that at which neigh-
bors will complain (Figure 46-4). These noise
levels may be higher than is socially desirable, but
often they are also just below the noise from trans-
portation noise sources, nearby highways, truck
routes, and parkways.

The current effort to abate transportation noise
may leave industrial noise as the major noise
source in some areas. With the industries now
clearly setting the ambient level, it may be that
a new round of accommodation will occur.

THE CONTROL OF INDUSTRIAL
NOISE SOURCES

Industrial noise sources expose both the em-
ployees within the plant and the neighbors in the
community. Often the same machine producing
levels of 90 to 100 dB (A) around the machine
indoors can be heard in the nearby residential
neighborhood at levels from 40 to 60 dB (A).
Some industrial noise sources as outlined earlier
are out-of-doors and may or may not expose em-
ployees to hazardous noise levels, but because they
can generate high levels of noise they can be heard
at distances up to a mile from the plant. Close to
the plant the noise levels may be well above the
ambient, and can be unacceptable. The following
section discusses the general methods of quieting
industrial noise sources, and in some cases, men-
tions specific hardware.

The first requisite for a noise reduction pro-
gram js a carefully done noise survey. Made at
or near the plant boundary or closer, it should be
possible to identify the major contributors to the
noise in ¢very direction around the plant. It may
be necessary to make some measurements dur-
ing a shutdown, and others close to small ma-
chines, to examine how much noise they might
contribute to the total sound level in any given
direction. With this information, the amount of
noise reduction required at each machine may
be evaluated. From the physics of the situation it
is clear that if three or four different sources con-
tribute about equal energy at a given point at the
plant boundary, and thus, in the community be-
yond, all must be quieted to some degree. Clearly,
if four machines generate roughly the same noise
with about the same spectrum, eliminating the
noise from two will only cause a three dB drop
in level, and shutting down three would yield about
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Figure 46-3.

Exampfe of a Noise Survey around an Industrial Plant. Levels were measured
directly with a sound level meter.
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six dB reduction. Thus, a careful examination
of the options is in order after the data are as-
sembled.

Once the decision to quiet a given machine is
made, detailed sound measurements and a study of
the entire machine on a systcms basis is in order.
The sources within the machine must be identified,
the various transmission paths for acoustic energy
must be found by both inspection and measure-
ment (acoustical and vibration), the radiators
must be located, and finally, the resonators or
feedback mechanisms must be found. When this
study is completed, it will probably be clear
what measures will provide the most noise abate-
ment at the least cost. It may be possible to mod-
ify the source, leaving the path and radiators
alone, or it may be possible to operate on two,
three, or more of the system elements to varying
degrees yielding an optimized-cost treatment of
the system to produce a specific minimum required
noise reduction.

Source Noise Reduction

Intentional impacts are used in forging, shear-

ing and stamping. The desired result is achieved
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only by an impact. Source reduction is difficult,
although in shearing and stamping, die design and
rate of operation do have a major influence on the
noise. Also, the nature of the metal being worked
strongly influences die design and noise output,
Increasing the total time for the actual work on
the material will usually reduce the sound output.
This may reach a limit when the total stroke time
ts used for work. Any further change leads to a
reduction in output. Many parts of presses and
shears radiate the noise unnecessarily. It is pos-
sible to enclose partially some automatic presses;
and large radiating surfaces, including belt and
chain guards, can be damped as described below.
The use of plastic shields and snap-out barriers
close to the stamping dies should permit a reduc-
tion of several dB at the operator’s position.
Unintentional impacts can be found by in-
specting the clearances with the machine oper-
ating with illumination from a stroboscopic light
source just off synchronism with the machine.
Extreme care must be used not to touch parts that
look like they are “standing still.” It may be
necessary to provide viewing ports or to use



mirrors to make the required inspection, but the
results may be surprising. Rods and levers that
appear to clear other parts when the machine is
“turned over by hand” will whip at high speed with
some being in mechanical resonance. Others may
just be inadequately designed for the task. Rat-
tling case parts can also be spotted by use of the
strobe lamp. The obvious answer is redesign of
the part, either using a more suitable section to
prevent flexure or better connection at-“crank-to-
lever arm”™ connections that whip sideways. Each
situation is different, and some will tax the design-
er’s ingenuity. The problem is basically mechan-
ical design, not acoustical.

Gas flow noise sources can often be controlled
through the use of mufflers. Muflers for high
pressure lines are made in sizes for pipes from 18
inch diameter up to 60 inches in diameter. They
can provide extremely large reductions in noise
level when correctly designed and made. The sizes
from 234 inches up are often called snubbers and
ar¢ offered in a wide range of styles including
steam and water separator units, Units for com-
pressor inlet and engine discharge are designed to
operate in the appropriate temperature range
while handling the pulsations encountered in the
respective services., These differ from units de-
signed to quiet continuous high pressure super-
sonic gas flow discharges where a special inlet
diffuser section is required. In every case the
muffler must be designed to withstand the high
forces that occur both on the casing and on the
internal baffles and tubing. Also, they must be
fabricated from appropriate materials for the ser-
vice intended.

Small and miniature mufflers find application
on production line valve discharges. Spool valves
are particularly easy to quiet using small units.
The number of unintentional discharges through
disconnected lines or bypass valves is surprising.
In some cases these can be capped, thus prevent-
ing wastage. In other cases slight changes in
process control can be made to eliminate the dis-
charge.

Another solution to valve discharges to atmos-
phere is to manifold the discharge lines to a header
which may serve as a muffler because of the large
expansion ratio from the inlet pipe to the header.
In other cases the collected discharge can be piped
away to an outlet where the residual noise will be
no problem or a single muffler of appropriate size
used.

In some instances it is clear that the use of
high pressure air is unnecessary, but it is used be-
cause it is available. A pressure reduction device
(regulator) at or near the machine can reduce the
sound output considerably.

Valve noise in high pressure systems and the
noise from centrifugal compressors radiated by
the piping can best be eliminated by “lagging” the
piping or valve.” The use of a two- to four-inch
thick medium density mineral wool or glass fiber
“spacer” covered by a one Ib./sq. ft. jacket of
lead can yield high frequency noise reductions of
30 to 50 dB. Higher reduction values may be ob-
tained, but it is difficult to cover every valve and
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pipe support. Actually, flanking transmission us-
ually begins to predominate beyond about 50 dB
of reduction. The jacket may be sheet metal or
any appropriate weather resistant material pro-
viding the required weight. Asphalted roofing felt,
leaded vinyl and leaded neoprene have been used
in some applications.

The control of perturbations in fluid flow is
usually a job for the machine designer. This in-
volves the design and spacing of the fixed and sta-
tionary blades in compressors, the blade shape
and cutoff design in centrifugal pumps and blowers
and fans, and the nature of flow control in posi-
tive displacement pumps. In general, these de-
vices lose efficiency rapidly when changes are made
from the optimum design. However, casing de-
sign to minimize cavitation in pumps can yield
lower noise output. Use of pressure equalization
chambers, snubbers and mufflers in both liquid
and gas systems and lagging have been the ac-
cepted methods to date.

In fans and blowers every effort made to re-
duce the tip speed of the unit does help to reduce
noise, but tip speed alone is not an adequate index
of fan noise output. Noise in fans and blowers
may be increased by having struts or braces in
the air stream such that, with axial flow units, the
blades cut the wakes made by the obstruction.
This can produce intense tones when the blade-
passing frequency coincides with the vortex shed-
ding frequency of the air-flow obstruction system.
In low pressure air handling systems noise gener-
ated by turbulence at turns, dampers and mixing
boxes can usually be avoided by good design.
However, air conditioning style mufflers can be
used. These are usually a series of sound absorb-
ing baffles on six to 12 inch centers. The sheet
metal work is relatively light for residential and
commercial building use. Special industrial grade
mufflers are available, fabricated from heavier
gauge metal with better assembly. Here again,
material of construction is governed by the envi-
ronment and the gas handled. These mufflers have
sometimes been applied to cooling tower inlets.
Cooling tower discharges may be equipped with
mufllers, but their effect on the fan characteristics
may be so great as to raise the source noise and
yield no net effect on the sound output.

One way to eliminate noise is to get rid of the
source by modifying the process or system. Many
industries faced with problems related to cooling
tower noise use wells and return the water to the
ground after passing it through a heat exchanger.
In many cases local streams used for process water
have been used for cooling, but current and pro-
posed restrictions on thermal pollution will keep
cooling towers in the picture for some time to
come. The use of natural draft cooling towers
solves most of the noise and discharge tempera-
ture problem, but these are large and costly struc-
tures.

A change in design and operation can often
effect the appropriate noise reduction, sometimes
at a cost in efficiency. In one case, when night
operation of one cell of a three cell cooling tower
caused neighbors to complain, the electrical cir-



cuits were modified, the motors rewound for two-
speed operation and two cells were operated at
about half-speed at night. The fan noise varies
as the fifth power of velocity and operating two
units only brings it back up three dB. This yields
a net drop of about 12 dB.

Another case of changing processes is to switch
from deep drawing to spinning for fabrication of
large objects of circular section. A change from
oil fired combustion with high pressure air for
atomization and combustion to gas firing with a
totally-enclosed muffled burner has been used suc-
cessfully on single and multiple burner furnaces.
Also, the switch from induced draft operation
where muffling hot stack gases is difficult, to a
forced draft system with inlet muffiers, results in
considerable noise reduction. The noise radiation
formerly from the top of the stack now takes
place at ground level where buildings act as bar-
riers.

Mechanical damping, most familiar as auto-
mobile undercoating, can reduce the amplitude “at
resonance frequencies in a panel or even in struc-
tural members, thus reducing radiation and feed-
back to the source, and in turn, reducing the driv-
ing forces. Damping can be effected by applied
coatings of mastic or fibrous materials such as
jute or wood fibers and foams. Also, friction be-
tween two metal surfaces not adhered to one an-
other over their entire surface is used. Air trapped
within the space between two plates may provide
added damping. The most effective damping may
be obtained with a thin layer of elastomeric damp-
ing compound between the sheet to be damped,
and a thin constraining layer, such as meta! foil or
a lightweight .metal sheet. Although damping is
conventionally appiied to large metal enclosures, it
may also’be used to control resonance of gears
and sheaves by applying damping to the web or
“spokes™ as a constrained layer or a filler com-
pound for hollow parts. With some components
it may be -possible to apply a damping disc or
other mating form on one or both sides of a reso-
nant part.

Considerable noise is generated by loose parts,
rattling covers, worn bearings, and broken equip-
ment. Reductions on the order of six to 10 dB
may be achieved through maintenance alone, and
in some cases, spectacular results are possible
when cases are resealed or even just screwed back
onto the structure.

Transmission Path Noise Control

It is sometimes difficult to determine what part
of a system is the source and what is the transmis-
sion path. Sometimes the decision is arbitrary. In
any case, a muffler may be used along the path
or at the end of a line to eliminate not only noise
generated at a given machine, but flow disconti-
nuity noise generated at turns, dampers and valves
along the way. It is sometimes necessary, espe-
cially in the case of high temperature exhausts, to
split the muffling between a unit near the engine
and one near the discharge. The unit near the
engine will reduce the input to the exhaust pipe
and minimize the possibility of shock wave forma-
tion, and the discharge unit will remove any noise

signals introduced along the way and clean up
any small shocks formed. As mentioned above,
manifolds are useful for collecting the discharge
from several small lines and can act as mufflers,
This does not always work because of resonances
with the header or manifold. Appropriate baffles
and inlet diffusers inside the header or manifold
will prevent problems with resonance.

Inside plants, and out of doors, large bar-
riers® and partial enclosures provide considerable
attenuation of noise, provided the barrier or en-
closure is located close to the source and is mot
negated by reflections from a wall behind the
equipment. Barriers with acoustical material on
the surface facing the source wiih similar material
on the wall behind can be quite effective. Enclo-
sures are similar to barricrs until they are fully
sealed. Fully sealed enclosures provide varying
degrees of noise reduction determined by the fre-
quency of the noise and the transmission loss
(TL) of the panel material. The TL is generally
higher for more massive materials. However, even
a one-to-four pound per square foot material such
as damped sheet metal or cement asbestos board
will yield a reduction in the A-weighted sound
levels of 20 to 30 dB. If the seal on an enclosure
is broken for ventilation, the TL will be reduced
greatly, unless a vent muffler is installed. Such
mufflers are produced as standard hardware by
several manufacturers who also manufacture com-
plete enclosures, and duct and blow-off mufflers.
The vent mufflers may be equipped with fans
having explosion-proof motors as required.

The use of acoustically absorbing material
similar to acoustical ceiling tile can provide some
reduction for interior noises heard out of doors
and for some out-of-doors operations such as at
loading docks. The materials used for industrial
application must be fire resistant and should be
applicable to large areas. Spray-on materials were
popular for some time, and the recent trend away
from asbestos fibers toward open cell urethane
foams and cellulose materials should also provide
appropriate results. Sheets of mineral or glass
fiber board with perforated or decorative open-
faced material (expanded metal) are also useful
although they require structural support. The
perforated metal must have relatively small holes
on close centers, typically no more than one¢-half
inch centers and holes from 0.06 to 0.15 in diam-
eter. The holes and spacing should yield an open
area of more than 15 percent, preferably 30 to 40
percent. The most effective acoustical materials
will have high sound absorption coefficients in the
frequency range in which the noise levels are
highest. However, good high frequency absorp-
tion is usually desirable. For industrial applica-
tions it is not sufficient to look at the “Noise
Reduction Coefficient” because this is the average
of the individual coefficients for the test frequen-
cies 250, 500, 1000, and 2000 Hz, and since the
noite to be controlled is in the 2000 to 4000 Hz
range (air discharges and cleaning jets), the sound
absorption values at 2000 and 4000 Hz are critical
to the noise reduction.

An interesting and useful facet of area noise
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control with acoustical material is that the entire
ceiling and walls of the plant need not be covered.
A coverage of 60 percent spread over the entire
area of the ceiling is almost as effective as the
entire ceiling and usually a Iot less expensive.
Wall treatment near the source of noise is always
effective. Examples have indicated 12 dB reduc-
tion at remote locations due to corner treatment
close to a machine.

There are some situations where muffling, en-
closure, or machine modification are not readily
feasible, but moving the machine is quite simple.
Moving a small positive displacement blower from
one side of a plant building to another can yield
20 to 30 dB reduction at the fence on the side
of the building facing its original location. This
works as long as the other side does not face a
residential area also, This uses the plant as an
acoustical barrier. There are numerous applica-
tions of this barrier effect, and they are an eco-
nomical way of accomplishing the desired pur-
pose. It may take some ingenuity. As an ex-
ample, many plants face highways and other trans-
portation complexes, while the rear faces nearby
residential zones. Although routine plant design
does not locate major items of equipment along
the face of the plant, it may turn out to be a
reasonable design; suitable decorative screening is
a fow price to pay for the acoustical benefit,

Because plant buildings are designed for the
protection of employees and equipment from the
weather, they often do not include noise control
considerations. Louvers, windows and doors may
all serve to provide effective ventilation and ma-
terials flow. However, they also permit noise flow
from the interior to the neighboring community.
There is much to favor gravity flow ventilation,
and employees in some plants resist the use of
mechanical ventilation unless it is accompanied by
air conditioning. However, closing up the louvers
or using acoustically treated louvers and forced
draft ventilation with muffled fans will solve many
nois¢ problems. Curtain wall plants using corru-
gated sheet skins that are not sealed, or damped,
may let sound out through both the wall and leaks.
Plant design must account for the high noise levels
inside and the large radiating area provided by
the walls. Also, loading dock and plant storage
vards where active materials handling is carried
out at night may require some planning in order
to control noise. The use of perimeter storage
sheds as barriers can effect noise control.

Administrative Procedures for Noise Control

Traffic noise, especially for the end of the sec-
ond shift and early morning arrival, can readily
be effected through an education or training pro-
gram for the employees. This must be a positive
and continuing program and make use of appro-
priate traffic control systems within the parking
lot and around the plant. In some cases the use
of multiple exits help. The problem of employees’
talk at side yards adjacent to neighboring residen-
tial property can also be controlled through a
continuing education and internal public relations
program.
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PLANT NOISE ABATEMENT

A number of sources discussed at the begin-
ning of this chapter require a multistep approach
or multiclement approach in order to quiet the
entire system. Steam power stations, for instance,
require noise control of fans, blowers for forced
and induced draft, materials handling systems,
burner noise in fossil fuel systems, and steam and
gas turbines when those facilities are used. Heat-
ers and furnaces in petrochemical and process in-
dustries may require mufflers for the high pressure
blowers, cooling blowers and the burners them-
selves.

Transformers are extremely difficult to quiet
internally, although premium transformers are
available which provide a modest amount of noise
reduction. The most common technique today is
to build partial enclosures around the transformers
using special sound absorbing concrete blocks
which are “tuned” to absorb the transformer gen-
erated signals.

Circuit breakers have received moderate at-
tention with respect to quieting, but because they
are not activated frequently they should not be
a consistent problem. Location in an appropriate
area is probably the most convenient method of
handling them. Corona noise is currently under
study.

Another area in which a multielement approach
must be used is in process industries where each
machine or process element must be examined for
noise generating capability and then quieted ac-
cording to need. Large mills located inside build-
ings may cause no community noise problems so
long as the building is well sealed. In some cases,
the building supports the mill and radiates the
noise. On the other hand, rock crushers located
within a sand and gravel operation may be totally
exposed to the neighbors. In this situation, a par-
tial enclosure of appropriate sound absorbing and
transmission loss material combined in one shell
would reduce the noise sufficiently to eliminate
community complaints. Such materials are com-
mercially available. Items such as switch valves,
blow down lines and high pressure air or gas by-
pass lines should all be equipped with appropriate
mufflers.

Material handling devices such as fork lifts,
motors, and crancs can be quicted by attention to
the engine inlet and discharge mufflers. Electri-
cally operated overhead cranes may require a
small motor enclosure with forced air cooling if
the unit is to operate out-of-doors at night and
not be heard by neighbors. Conveyors are sub-
ject to both quieting through maintenance and im-
provement in bearings, or they may require par-
tial or total enclosure. Conveyors that carry ma-
terials adjacent to or through a community over-
head, may require a partial enclosure with only
the top open.

These are but a few examples of the applica-
tion of noise reduction techniques to the outdoor
noise generators discussed at the beginning of
this chapter. However, an examination of each
piece of equipment or each process in the larger
system or process being studied should make clear



those methods of noise control which are appli-
cable and those which may be applicable if the
effort is warranted.

FUTURE OUTLOOK
FOR INDUSTRIAL NOISE CONTROL

As the citizens in the community become
more conscious of noise and more aware of the
noise in their environment, it appcars that there
will be an increasing demand for a quiecter envi-
ronment. Not every community today wants to
increase its tax base at the expense of new indus-
trial plants and their prospective noise sources.
It thus appears that more stringent noise control
requirements currently exist and are becoming
commonplace.

In the light of the potential need for more
stringent requirements, it is heartening to note
that the knowledge in the field of industrial noise
control is increasing and that a large body of tech-
nology is available to industrial machinery and
industrial plant designers to achieve the desired
acoustical goals. The payoff is an economic one.
It costs money to carry out the design and devel-
opment work for quieter machines and plants,
The cost is not reasonable unless all industries
within a given product area are required to mect
the same criteria. This is discussed in detail in
studies by the Environmental Protection Agency
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in its report to Congress. For a discussion of the
Environmental Noise Control Act of 1972 as
passed by the House of Representatives see the
October 18, 1972, issue of the Congressional Rec-
ord, p. #10287,

References

1. KRYTER, KARL D.: The Effects of Noise on Man,
Academic Press, New York, pp. 270-331, 1970.

USA Standard Procedure for the Computation of
Loudness of Noise, ANS1 83,4, AMERICAN NA-
TIONAL STANDARDS INSTITUTE, INC., New
York, 1968.

PARRACK, H. O.: “Community Reaction to
Noise,” Chapter 36, Handhook of Noise Control,
C. M. Harris, (Editor), McGraw-Hill, New York,
1957.

Community Noise, US. ENVIRONMENTAL PRO-
TECTION AGENCY, Washington, D. C., 1971.
ROBINSON, D. W.: The Concept of Noise Pollu-
tion Level, NPL Ero Reports, AC38, WNational
Physical Lab., Teddington, England, 1969.
ROBINSON, D. W.: “Towards a Unified System
of Noise Assessment,” Journal of Sound and Vi-
bration, Vol. 14, 1971,

SCHULTZ, T. l.: *“Wrappings, Enclosures, and
Duct Linings,” Chapter 15, Noise and Vibration
Controd, L. L. Beranek, (Editor), McGraw-Hill,
New York, 1971.

KURZE, U. and L. L. BERANEK.: “Sound Propa-
gation Outdoors,” Chapter 7, Noise and Vibration
Controf, L.L. Beranek, (Editor), McGraw-Hill,
New York, 1971.

2.



	CHAPTER 46 - Control of Community Noise from Industrial Sources



