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CHAPTER 1

HASTC PRINCTIPLES OF NOTSE REDUCTION

If yon have a nolse problem and want to
solve 1t, you lave to find out something
about what the nolse 1is doipp, where it
comes from, hoaw It travels, and what can he
done ahout Le. A straightforwnrd approach
is to examine the problem in terms of its
three basic ¢lements: f.e., sound arises
from a source, travels over a path, and
affeets a receiver, or listencr.

SOURCE=-PATH-RECEIVER CONCEPT

The source may be one or any number of
mechanical devices radiating noise or
vibratory energy, such as several appliances
or machines In operation at a given time in
a home or office.

The most obvious transmission path by
which nelse travels 1is simply a direct
line-of-sight air path between the source
and the listener; for example, aircraft
flyover noise reaches an observer on the

ground by the direct line-of~sight air path,
Noise also travels along structural paths.
In most cases it travels from one point co
another via any one or a combination of
several such paths. Noise from a washing
machine operating in one apartment may be

transmitted to another apartment along air
passages such as through open windows,
doorways, corridors or ductwork. Direct

physical contact of the washing machine with
the floor or walls sets these building
conponents into vibration. This wvibration
is transmitted structurally throughout the
building causing walls in other areas to
vibrate and te vradiate neise.

The receiver may be a single person, a
clagsroom of students, or a suburban
community near an airport or expressway.

Soluticn of a given noise problem might
require alteration or modification of any or
all of these three basic elements:

(1) modifying the source to reduce its
neise ocutput,

(2) altering or controlling the
transmission path and the environment
to reduce the nolse level reaching the
listener, and

(3} providing the receiver with

personal protective equipment.

Let  us examlne the wvarious naise
control measures that can be applied in each

af these categories.

NOTSE, CONTROL AT TIE SOURCK

Select Quiet Equipment

Basically, the best way of controlling
nofse at lts source 1s to select quiet
equipment or appliances Initially. When
shopplng, look far equipment that carries a
low-nnise certification or rating - pre-
ferably backed with a copy of the certifying

laboratory's test report. Some appliances
and  equipment  feature or advertise
noise-control design or construction ~ loeok

for descriptive terms such as  "“sound
conditioned,”™ "acoustically treated", "quiet
operation”, and similar phrases that may be
used 1n advertising copy or 1in oawner's
manuals. However, you must be on guard
because such descriptive phrases as "whisper
quict" may be more poctical than absoluce,
or perhaps an expression of hope rather than
reality.

Unfortunately, the selection of
mechanical equipment and appliances that
feature noise ratings or that specifically
call atrention to neise control design is
axtremely limited, Thus, the huyer must
regort to his own wit or know what to laok
for in order to choose quiet equipment. The
key words to remember in making purchasing
decisions are "slower" and "lower,"
particularly as they apply to the operation

of the erfquipment. The speed of moving
parts, flow wvelocities, gas or fluid
pressure differentials, and power ratings

all affect noise output, By Jlooking for
equipment displaying "slower" and "lower"
operation characteristics you can bhe assured
of relatlvely quleter operation, For
example, large slow-spead fans are
substantially quieter than small high-speed
fans for a given air flow; low horsepower
motors are leas nolsy than those with high
horsepower ratings; likewise low-pressure,
low-velocity aidr ventilation or fluild
distribution systems are virtvally noiseless
compared with their high-pressure
high-velocity counterparts,

Whenever possible, the buyer should
conduct a side-by-side comparison noise test
for various makes or types of appliances or
equipment. This can best be done by dealing
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with a supplier who carries a wide selection
of appliances or equipment made by several
manufacturers and who 1s  willing to
demonstrate their operation 1in the show
room. This, of course, 1s possible when
shopping for small domestic appliances such
as vacuum cleaners, window alr conditloners,
ete, owever, large mechanical
installations, such as central heatlng or
air conditioning systems can only be
properly evaluated in-place.

The following seummarizes the features
that the buyer should look for and the steps
he should take in selecting quict cquipment,

(1) low-nolse certificacion,

(2) advertisement of "quiec"
operation, evidence of
noise-control design,

(3) emphasis on "lower" and "slower"
operating characteristics,

(4) conduct comparative side-by-side
noise tests in the dealer's
showroomn,

(5) request an on=site inspection of
mechanical equipment of the type
you are considering, cthat the
dealer has previously installed,
for the purpose of making your own
evgluation of the noise output.

REQUIREMENTS FOR QUIET OFERATION

Most mechanical devices such as
automated appliances and machinery are
complex nolse  generators that contain
numerous sources of nolse. Tor example, the
overall noise radiated by a clothes washer
may be generated by the drive motor, gear
train, pump, pulleys, cams, bearings,
electrical switches, automatic wvalves, and
water flow., Reducing the mnedse output of
such a device upually requires a
conglderable amount of study to identify the
major sources of noise and thelr respective
transmisgion paths. In other words, it is
important to know whether it 1s the motor,
gear train or the pump chat is the main
cauge of noigse - and whether the noise is
radiated directly from the source into the
alr as airborne uoise, or whether it is
transmitted structurally as vibration to
other parts and surfaces of the mechine
which, in turn, vibrate and radiate the
noise.

A thorough study of the cause of
machine noilse Is impertant because the sound

I STE ST TR TEENTENVE RIS PR Tttt

from major noise sources must he attenuated
before reduction of the noise from secondary
sources, such as  surface wvibration, will
have any signifieant effect. 'The need for
these Investigations increases with
increasing slze and complexity of  the
miachinery. In short, the larger and more
complicated the machine, the more difficult
1t 5 to quicet.

Obviously, the mest effective way of
manufacturing  quiet  equipnent is to
incorporate peod noise control techniques In
the basic design stape. %This is, of course,
a concern of the design engincer and
matwifacturer., Dut if you, as a consumer,
are familiar with certain princlples
governing nolse In equipment operation you
can know what to look for when making a
purchase, or when attempting to control
neise  from appliances and equipment.
Whether one 1s conecerned about designing
quiet equipment or faced with the problem of
quieting an existing neisy device the
following recommendations and corrective
measures  should be considered and applied
wherever pessible.

1. REDUCE IMPACT OR IMPULSIVE TORCES

Many machines and items of equipment
are designed with parts that strike
forcefully against other parts, producing
noise, Ofren, thils striking action, or
impact, 1s essential to the machine’s
function. A familiar example d1is the
typewriter - its keys must strike the ribbon
and paper in order to leave an ipked
letter-impression, But the force of the key
alse produrez noise as the Impaet falls on
the ribbon, paper and platen.

Othar common devices  that  produce
impact neise Include quick-acting cut«off
valves found in washing machines and furnace
humidifiers. The loud "thump" they often
make can be startling, anneying, or in the
case of some [urmace controls, they can
disturb sleep.

Several steps can be taken to reduce
noise from impact forces. The particular
remedy to be applied will be determined by
the nature of the machine in question, Not
all of the steps listed below are practical
for every machine and for every
impact-produced noise. Butr application of
even one supgested measure can often reduce
the noise appreciably. A knowledge of the
principles underlying impact-noise reduction
can also assist you in purchasing quieter
equipment.
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a)

b)

c)

d)

Reduce weight, size or height of
fall of impacting mass.

Cushion the impact by inserting a
layer of shock-absorbing material
between the Impacting surfaces.
(For example, Insert several
sheets of paper in the typewrirer
behlnd the top sheet to absorh
some of the noise-producing impact
of the keys hittirg apgainst the
platen.} In some siteations, you
may insert a layer of
shock-absorbing material hehind
each of the impacting heads or
objects te reduce transmission of
impact cnergy to other parts of
the machine.

Whenever practical, one of the
impact heads or surfaces should be
made of non-metallic material to
reduce "resonance or ringing" of
the heads. Figure 1-1 shows the
application of measures a, b, and
c.

Substitute the application of a
small Impact force over a long
time period for a large force over

a short period te achieve the same
result.

c) Smooth out acceleration of moving
parts; apply accelerating forces
gradually., Avold nigh peak
acceleration or jerky metion.

) MinImize  overshoot, backlash,
loose play i1in cams, followers,
gears, linkages, ete. This can be
achieved by reducing the
operatlonal speed of the machine,
better adjustment, of by using
apring=londed restraints or
suldes. Machines that are well
made, with parts machined te close
tolerapces generally produce a
minimum of such Iimpact noise.

2, REDUCE SPEED IN MACHINES, AND FLOW
VELOCITIES AND PRESSURES IN FLUID SYSTIMS

Reducing the speed of votating and
moving parts din machines and mechanical
systems results in  smoother operacion and
lever noise output.

Likewise, reducing pressure and flow
velocities In air, gas and liquid

NOT THIS THIS
impacting
Masses
\ \ / \ Reduce Mass
N
\ Use Non-
N N Metallic ! A
Head " : Insert resilient

Metal Surfaces

DMIMY

» ! material at points
Red;uf:eF}-I“mght A or B to cushion
~2 I B the impact,

N

Fig. 1-1. METHODS OF REDUCING IMPACT FORCES TO LOWER NQISE RADIATION
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circulation  systems Jessens

turbulence

resulting {n decreased nolse radiation.

(a)

(b)

Far quiet  operation, fans,
Impellers, rotors, turbilnes,
blowers, ete., should be operated
at the lowest bladetip speeds that
will s£ill meet jol needs.

Use large-diameter low-speed  fans
rather than small-diametuer

Squirrel Cage or
Centrifugal Fans

THAN PROPELLER TYPE FANS

e TR RTINS LUL RS PP Lt

(e}

biigh-speed  units for qulet
operation., In  short, maximize
diameter and minimize tip speed.

Centrifugal  squirrel=cage  Eype
fans, sometimes used in furraces
or on cxhaest duces, are less
nolsy than vane axial or propeller
type fans, all echer factors belng
equal., The twe types of fans are
illustrated 1in Fig. 1-=2,

Propeller or
Vaneaxial Fans

Fig. 1-2. FOR A GIVEN MASS FLOW, SQUIRREL CAGE FANS GENERALLY ARE LESS NOISY
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(d} Water pressure in individual home,

nffice, oy apartment  plumbing
systems should be limited to 35
pounds  per square  inch (241

kilopascala) and f£low velocities
of the order of & ft/sec (2 m/sec)

for quice operation, A competent
plumber can perform these
adjustments.

{a} In ailr ventilation systems, a

50~percent veduction in air flow
velocity may lewer the noise
outpur by 10 to 20 B, or roughly
to 1/2 to 1/4 of the original
loydness, Adr flow velocities of
8-10 fr/sec (3 m/sec) ar measurcd
at a4 aupply or return grille
produce a low level of noise which
usually 1s unnoticeable in most
residential or office arcas. In a
glven system, reduction of air
flow veloeity can be achieved by
operating at lower mofor or blower
speeds, Installing &  greater
number  of ventilating grilles, or
by increasing the cross-sectional
area of the existing grilles.
Your heating and alr-condlicioning
contractor can make these
adjustments and modiffentions.

Vibrati
R _:.:::::‘/ ibration \:

3. BALANCE ROTATING PARTS

main sources of machinery
vibratlen caused by the
rotatfon of pnorly halanced parts such as
fapg, fly wheels, pulleys, cams, shafes,
cte, Measures unsoed to correct this con-
dition involve the addition of counter
welghts to the rotating unit or the removal
of some weight from the unit as indlcated in
Fig, 1-3, You are prabably mose familiar
with noisc caused by imbalance In the
high=speed spin cyele of washing machines,
The imbalance resules from clothes not belng
distributed cevenly In the  tuh. iy
redistribucing the clothes, balance is
achleved and the nolse ceases., This same
principle = balance =~ cap he applied to
furnace fans and other ceommon sources of
such noise, On some furnace blowers driven
by a single belt, an unbalanced load may be
applied if the blower pulley can move out of
direet alignment with the moror pulley;
if the load is applied symmetrdcally through
a  npalr of belts driving pulleys on either
side of the fan and the motor shafts, both
shafts wlll tend to stay centered and the
pulleys naligned, resulting in  less noldsy
operaticn and reduced wear.

One of  the
noise ks structural

=TS

p— Rotor
SEE . amERc
= il

{a} Static Unbalance

{b) Dynamic Unbalance

Black blocks are heavy parts of rotor that cause vibration, White blocks are locations where
counterweights must be placed to eliminate the vibration.

Fig. 1-3. EFFECTS OF STATIC AND DYNAMIC UNBALANCE ON ROTOR OPERATION

4, REDUCE FRICTIONAL RESISTANCE

Reducing frictien between rotating,
sliding or moving parts in mechanical
systems frequently results 1in  smoother

autput,

operation and lower machine noise

Similarly, reducing flow resiseance iIn air,
gas and liquid distribution sysrems resulcs
in  less nodse radfatioen. In most cases,
applying any one oy a combipation of the
foellowing corrective measures slould provide
a noticeable reduction in noise output.
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Reducing Resistance In Mechanical Systems
{See Fig, 1-4)

Lubricate: all  rotacing, moving,
sliding, meshing or contacting parcs
should be lubricated with appropriate
lubricant for quict operation.

Align: Troper aligoment of  all
rotating, meving or contacting parts
resulcs in less nolse ourput, Mailntain
good axial and directional alignment in
pulley systems, Rear traine, shaft cou-
pling, power rtransmisslon systems,
bearing and axle alignment, etc.

Polish:  Highly polished and smoeoth
surfaces bhetween sliding, meshing or
contacting parts are reguired for qulet
operation, particularly where bearings,
gears, cams, vaills, and pguides, arc
concerned,

Balance: Static and dynamic balancing
of rorating parts reduces frictional
resistance and vibration, resulting in
lower nolse output.

Avold eccenericity or out-of-roundness:
Eccentricity or off-centering of
rotating parts such as pulleys. gears,
rotors, shaft/ bearing alignment causes
vibration and nolse. Likewise,
out-of-roundneas of wheels, rollers,
and gears causes uneven wear, resulting
in flat spots which generate vibration
and noise.

Reducinp Resistance In Air or Fluid Flow
Systems (See Fig. 1-5)

The key advice to effective nolse

NOISY DESIGN
— Ragged Joints
W}z mﬁ. EQ'\ %,
TN TR N e e S e -
anall " Fast Turbulent Flow —
Dlal'ﬂ. — r— ——— A

—u
Sl o B e
2 N _ -4 "
Rough Surfaces

Lubiticale a1 paints A,

Polish surfaces o1 Points B,
Counlwbialance at points C,

Fig. 4. REQUCING FRICTION OF ROTATING AND SLIDING
PARTS TO DECHEASE NDISE RADIATION

control in auch SYSCems is
"streamline the f[low". This lolds  true

regardless of whether ane 1s concerned with
air flow in ducts or vacuum cleaners, or
water flow in plumbing systems. Streamline
flow s simply  snooth, nenturbulent,
low=friction flow, but it is the essentinl
requirement for quiet eperation of any type
of £luld flow asysrem.

The two most Important facrors which
determine whether [low will be streamline or
turbulent are flow velocity and  the
crosa-sectional aren of the flow path - that
ia, rthe pipe diameter. The vule of thumb
for quict operation is to use a low—
velocity, large~diamcter pipe system to meet
a  specified flow capacity  requirement.
llowever, even  such a syscem can
inadverrently gencrate  nolge If certain
aerodynamic design fentures are overlocked
or ignered. A system designed for quiec

QUIET RDESIGN

Smoath Joints

PULARLAVELR SR AN ) PSR ST BT IR DS R E IR SR Fay
o S

Lange " qiow Streamline Flow ————e——
Piam, -

Smooth Surfaces

Fig. .62, DESIGN OF QUIET FLOW SYSTEMS

Align bitween points A’ A"
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NQtSY DESIGN
Sharpr Corners \
'3 r- o J
Y .__..-
|| f Sharp Transition

———\:m—/——_—.—.
= ,—'7 '

Compllcawd Layout

OWIET DESIGN

Round
Corners

Simple Layout

Fig. 1-0b. DESIGN OF QUIET FLOW SYSTEMS

operation will  employ rthe followlag
features:
Low flow velocities: Low flow

velocities avold turbulence, one of the
main causes of noise, Flow velocities
should be of the order of 8 to 10 feet
per second (3 mfacc) in demestic
forced-air heating and ventilatien
aystems and plumbing aystems for quiec
operation.

Smooth boundary surfaces: Duct or pipe
systems with smooth Interier walls,
odges, and  joints generate less
turbulence and nolse than systems with
rough or jagged walls er joints.

Simple layout: A well-designed duct or

NOISY DESIGN

Square Corner

GE

Turbutent Flow

plpe system with a minimum of hranches,
turns, fictings and connectors s
substantially less npolgy than a
complicated layout,

lLong-radius turns: Changes 1in flow
direction should be made gradually and

amoothly. It has been suggested that
turna should be made with a curve
radius equal to about {ive times the
pipe diameter or major cross scctional
dimenajen of the duct.

Flared sections: Flaring of intake and
exhaust cpenings, particularly In a
duct system, cCends to reduce flow
velocfties at these locatiens, often
with substantial reductions in noise
output.

QUIET DESIGN

Calming Chamber

Flexible
Sterve

I

-:-‘“: //’Ruund

Corner

Higl Specd
Blower

Smooth Flow
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Fig. 1-5¢. DESIGN OF QUIET FLOW SYSTEMS
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Turbulence Caused by Rectangular Devices

QUIET DESIGN

j/_:___////'_ﬂ Flare End

Remove or Streamline Objects in Flow Path

Fig. 1-6d. DESIGN OF QUIET FLOW SYSTEMS

Streamline transition in flow path:
Changes in flow pach dimensions or
crogs-sectional areas should be made
gradually and smoothly with tapered or
flared transition secetions to avold
turbulence, A good rule of thumb [s to
keep the cross-sectional area of the
flow path as large and as uniform as
poaaihle throughour the system.

lemove unnecessary obstacles: The
greater the number of obstacles in the
flow path, the more tartuous,

turbulent, and hence the naisier the
flow. All  other requlred and
functional devices in the path such a8
structural supporfs, deflectors, and
control dampers, should be made &
small and as atreamlined as peaslble co
amooth out the flow patterns.

In other cases, parts with perforations,
slots or other cpenings permit air leakage
through or around the part as 1t moves, thus
climinating air pressure buildup, the chief
cause of flexing and pulsation. Such actior
when there 1s no alr leakage gives a popping
sound = as the noise produced when squirting
ail from an oil can.

5. ISOLATE VIBRATING ELEMENTS WITHIN
THE MACHINE

In all but the simplest machines, the
vibrational energy fLrom na specific moving
part 1Is transmitted through the machine
atructure forcing other component parts and
surfaces to vibrate and radiate sound -
often with greater dintensity than  that
generated by the originating source itself.

- v e L g e e

For example, a water pump £astened to a side
panel of a washing machine, as illustrated
in Fig., 1-6, will cause the panel to vibrate
and produce greater noise output.

The vibration gencrated by moving or
rotating  parts of a machine should be
confined as <¢lose as possible to Che area
containing the source of wvibracion, In
short, the vibrating unit must be isolpted
as much as possible from the structural
frame or machine heuaing. The  most
cffective method of wvibration isolation
involves the resilient mounting of the
vibrating component on the most massive and
atrecturally rigid part of cthe machine. All
attachments or canpections ta the vibrating
part in the form of pipes, conduits, shaft
couplers, ctec., must he made with flexible
or rtesilient connectors or couplers -
otherwise the vibracional isolation afferded
by the resilient mounts will be bypassed or
shorteircuited, For example, pipe
connections fo 4 pump resiliencly mounted on
the structural frame of a machine should be
made of resilient tubipg, preferably as
clese to the pump as possible. Resilient
pipe supports or hangera may also be
required ta avold bypassing of the isolated
system. ln addition to these measures 1t is
often goed practice in the case of large
machines or  appliances such &5 washing
machines, dryers, refrigerators or air
conditioning equipment to set the entire
machine on rosilient mounts to prevent
vibracional excitarion of the supporting
floor, and thus avoidd radiation of noise
into the area below or adjacent areas.
These measures are illusrrated in Fig. 1-7.
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Fig. 1-6. ISOLATE LARGE RADIATING SURFACES FROM VIBRATING PARTS
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"~ Cabinet

Machine
4~ Chassis
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. Install motors, pumps, fans, etc, on most massive part of the machine,

. Install such components on resilient mounts or vibration isolators.

. Usebelt drive or roller drive systams in place of gear trains.

. Use llexible hoses and wiring instead of rigid piping and stiff wiring,

. Apply vibration damping materials te surfaces undergaing most vibration,

. Install accustical lining to reduce noise buildup inside maching.

. Minimize mechanical contact between the cabinet and the machine chassis.

(=R N N AN U

Fig. 1-7. TECHNIQUESTO REDUCE THE GENERATION OF AIRBORNE AND
STRUCTURE-BORNE NOISE {N MACHINES AND APPLIANCES

10

, Seal openings at the base and ather parts of the cabinet to prevent noise leakage,
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Large Vibrating
Surfaces
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Reduce Size of Part ar
Cut Qut Excess Material

THIS OR THIS

Fig, 1-8. REDUCE THE AREA OF VIBRATING SURFACES TO LOWER NOISE RADIATION

6.  REDUCE RADIATING AREA (Sec Fig,
1-8)

Generally speaking, the larger the
vibrating part or surface, the greater the
noise output. The rule of thumk for quiet
machina design is to minimize the effective
radiating surface areas of the parts without
impairing cheir operatien ovr structural
gtrengch. This can be done by making parts
amaller, removing excess material, or by
cutting openings, slots or perforations ip
the ports. For example, replacing a large
vibrating sheet metal safety guard on a
machine with a guard made of wire mesh or
metal webbing might result in a substantial
reduction in noise, because of the drastic
reduction in surface area of the part.

11

7. APPLY VIBRATION DAMPING MATERIALS
(See Fig., 1-9)

Sinee a wvibrating body or surface
radiates noiae, the applicetion of any
material which vreduces or vrestrains the
vibrational motion of that body will
decreage  its  nolse outpur, Generally
apeaking, when such materials are applied to
a wvibrating body they dissipate the
vibrational energy in the form of frictional
heat which 18 generated by the flexing,
bending and rubbing of the £fibers or
particles ef the damping naterial. For
example, these materials could be applied ro
gurfaces of washing machines, dryers,
refrigeratora, room air conditioners, etc,
to help contrel noise due to vibration. Of

D e L B S T Y A S R



course, you would prebably apply the
materials to the inside surface to preserve
the appearance of the applance. Three
basic types ol wvibration damping materials
are avallable:

(a) liquid mastics which are applied
with a spray gun and harden into

However the follewing guldelines should he
observed in the selection and use of such

materfals

to maximize vibratfon damping

efficicney:

(a}

Damplng materials  should he
applied to those sections of a
vibrating surface where the most

relatively solid materials, the

flexlng, bending or motion oceurs.

mest commen  beiny  automoblle These usually are the chinnest

"undercoating"; sectlons.

(b} pads of rubber, felt, plastie (b} For a single laver of damping
foam, leaded vinyls, adhesive material, the stlffness and mass
tapes or  Flhrous blankets which of the material should  bhe
are flued te the vibraring comparable to that of the

surface;

vibrating durface to which it is

applied. This means that single

(c) sheet metal viscoelastic laminates
or composites which are bonded to

SINGLE LAYER

Vibrating Surface

Mastic coating should be 2 10 3
times as thitk as the vibrating
surface for maximum effectiveness,

Apply damping material first 1o Composita Vibrating Surface
surface with strongest vibration, In Layer

most cases this will be thinnest . !

surface, Mastic Layer

For eflective vibration damping,
each layer should be about 1/3 ps
thick as the vibrating surface.

Fig, 1-8. REDUCING VIBRATION WITH DAMPING MATERIALS
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layer damping materials should he
about two or three times as thick

the vibrating surface, as the vibrating surface to which
they are applied.
The type of material best suited for a
parfticular vibration problem depends on a (c) Sandwich materfals wmade up of
number of factors such as slze, mass, metal sheets bonded to mastic
vibrational frequeney and operational (Msheet-metal viscoelastic
function of the vibrating structure. composites') are much more
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: Fig. 110, TECHNIQUES FOR REDUCING THE RADIATION OF NOISE FROM OPENINGS IN A MACHINE

; effective vibration dampers than or cablnet should be sealed
single layer matetrials; the witkh rubber gaskets or a
; cthicknesses of the sheet wecal suitable non-setting canlk.
canstraining layer and the
{ viscoelastic layer should each be (tit) If practical , all other
: about one-third the thickness of funecional or required
the vibrating surface or panel of openings or ports which
the appliance to which they are radiate nolae should be
applied, covered with lids or shields
edged with soft rubher
8. REDUCE XOISE LEAKAGE FROM THE gaskets to effect an alrrighc
INTERIOR OF THE APPLIANCE aeal, For example, the 1lid
of a top-~leading washing
(See Fig. 1-10) machine may be fitted with a
rubber gasket or with rubber
In many case¢s machine cabinets can be strips to prevent the escape
made into rather effective soundproof of the nolse from the
enclosures through simple design changes, agitator,
and the application of some sound absorbing

i
i
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treatment. Substantial reductions in noise
output may be achieved by adopcing some of
the following recommendations, especially 1if
gome of the vibration d1solation techniques
diacusged earlier are also used.

(a) Seal or cover all cpenings

{1) All upnecessary holes or
cracks, particularly at
Yoints, should be caulked ar
closed of £,

(1t) All
penetrations

electrical or plumbing
of the houaing

et i e o o e
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(h)

(iv) Ocher openings required for
exhaust, cooling or ventila=-
tion  purposes should be
equipped with mufflers or

ncoustically lined ducts.

{v) Reloeate or direct openings
away from the operator and
other people.

Apply acoustical macerlals

{1) 1Install sound absorbent
lining on inner surfaces of
ecabineta to  reduce nolge

et et L e T A ¢ E1 kA bl A% g by



buildup in the reverberant
cavities. {We will discuss
reverberation further in
Secrion 1 under Factors
Affecting the Travael of

Sound}

(11} Apply vibratien damping
material ta the inner
surfaces of all vibrating
panels.

9. CHOOSE QUIETER  MACHINERY  WHEN

REPLACING APPLIANCES

This advice 1s, af course, of little
copfore if you find yourself the owrer of a
new, nolsy applisnce. In due time, though,
it will need to be replaced, and this i8 an
opportunity for choosing an effectively
QUIETED device. However, some minor changes
in accessories can reduce noise problems:

(a) Replace plastic blender containers

with containers made of heavy
glass. Often hoth alternatives
are avallable; glass costs very

little more.

(b) Substitute rubber or plastic trash

cans for nolsy metral cans., Some
laminated metal trash cans have
been made for industrial use; the

new concern with quiet may make

them deairable for ordinary
domestle uce.

{c) Use wood or fiherboard cabinets
instead of the noisier metal

units.

(d) Select sliding or folding cleset
doors made of wood or laminate
instead of metal doors which are
apt to rattle or vibrate when
moved .

(e) High velocity air flowing over the
corrugated surfaces ipnafde a hoge
often generates a whistling noiae,
Replacing the corrugated hosc of a

vacuum cleaper with a smooth
surfaced hogse will reduce this
noise.,

{£) Replace small high-speed floor

fans or exhaust fans with larger,
slower-moving units,.

(g) Substitute a belt-driven furnace
blower operated by a
resiliently-mounted moter for a
motor-coupled blower.

HCTSE CONTROL IN THE TRANSMISSION PATI

14

After you have tried all possible ways
of controlling the nolee at the source, your
next line of defense 1Is to set up barriers
or other devices Ln the transmission pacth to
block or reduce the flow of sound energy
before 1t rceaches your ears. This ean he
done in several ways:
sound aleng che

you can absorbh the

path,

you can deflect the sound In some other
direction away from you by placing a
reflecting barrier in {ts path, and

you can contdain the sound by placing

the source inside a sound- dinsulating

hox or enclosure.

Selection  of the most effective
technique will depend upon wvarious factors
such as the size and type of source,

intensity and frequency range of the noise,
and the mature and type of envirenment. In
wddition one should have a basic under-
standing of the claracteristics and hehavier
of sound thac influence its propagation or
travel through the atr,

A3 we mentioned before, a sound wave
traveling through the air creates i3
succession of compressfons -- high-pressure

waves -- followed by rarefactions, or
low-pressure waves, These waves move away
from the source in an alternating manner

much like the spreading of vipples in a pond
into which a pebble was dropped, as
illustrated i1in Fig. 1-11. The distance
hetween adjacent peaks of the high pressure
waves 1s the wavelengeh of the sound. The
frequency of the aound ™f" and its speed of
travel "¢" determine L the wavelength.
These three quantities are related by the
equation ¢ = fL, Since the speed of sound
in air 1is relatively constant for all
frequencies, the wavelength decrcases as
frequency increases. Sound ctravels at a
apeed of about 1130 feet (345 m) per second.
Therefore, the wavelength £or a 100 1z tone
would bhe approximately 11 feet {3.45 m)
whereas for a 1000 Hz tone it would be about
1.1 feet {34.5 cm), As we shall see, both
frequency and wavelength affect the
propagation of sound In air and the manner
in which it interacts with the environment.

FACTORS AFFECTING TRAVEL OF SOUND
1. Absorption: Soakinpg Up Sound

We  know from ecxperience that air

e Sl e 2t
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Fig. 1-11. PROPERTIES OF SOUND WAVES

absorbs  sound, especlally high-pirched
sounds, That 1is why we hear only the
low-pitched roar of exhaust nolse from a
high=-flying Jet plane and not the shrill
high~pitehed turbine noise we normally hear
at the airport when the plane takes off,
The low=pitched rumble of distant thunder
sounds almest harmless compared to the sharp
terrifying erack of thunder when heard close
by. The high-pitched compenents of a
thunderclap are absorbed by the air before
they reach A distant listener.

Alr absorbs high-pitched sounds more
effectively than Jlow, However, 1f the
distance between a spurce and a listener I1s
great enough, low-pitched sounds also will
be absorbed appreciably by the air. For
example, we might not hear any sound at all
from a jet plane £lying nat an alritude so
great that only ita vapour trail is visible.

With the exception of very large
auditoriums, conventlon halls, or sport
arenas, the absorption of sound by air
within typical buildinga or rooms 1is
negligible. HKowever, in most buildings and
rooms & significant degree of  sound
absorption can be achieved Ccthrough proper
furnishings. Because of their soft porous

15

qualities, such materials as draperies and
carpecing are excellent sound absorbers.
Upholstered furpiture and bed furnishings
also have good sgound absarbing
chayacteristics. However, the installation
of acoustical tile on ceflings in rooms,
corridors and stalrcases 1is a practical
method of controlling noise along its path
of travel. Depending on the type of
installation, and the frequency distribution
of the nodse, acoustical ceilings can absorb
from 50 rto 80X of the sound energy that
strikes the surfaces. A soft. thiek carpet
with felt padding placed on the floor will
absorb about 50 to 60X of airberne sound
engrgy striking it. In addicion, 1t will
muffle impact and footstep noise very
effectively. Pleated drapery will absorb
about as much sound energy as carpet for the
aame gmount of surface coverage. With these
materials on ceilings, floors and walla,
much of the scund energy is absorbed along
the path before 1t can cause annoyance ip
other areas.,

When sound waves atrike auch
naterials, they penetrate into the pores and
air pockets of the materfal. There they
bounce around haphazardly causing air In the
pores and the fibers of the material to

T i e Pt e A e F 4 A o L 8 LKA L o o i g
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vibrate; this motion disgsipates the sound
energy In the form of heat because of
frictional resiscance betwegen alr melecules
and [ibers.

Drapery and carpeting absorh
high-frequency sounds much more effectively
than low, Becavse of  thelr long
wavelengths,  low-frequency scund  waves
require materizls that are many tlmes
thicker and have much larger pores and atr
pockets than those used for ahsorbing
high-picched sounds. For efficient
absorpeion of low frequency sounds, the
thickness, openings and pores of the
acoustical wmaterial should bear the same
proportion to the wavelengths of  these
sounds as thoe thickness, openings and pores
of absarbers for high-frequency amounds bear

to their respective wavelengths.,
Unfortunately, materials for absorbing
low-frequency sounds are somewhat

impractical in a thouse becouse of their
large size and bulkipeas.

Although sound waves generally kcep on
traveling in the direction din which they
originally started, high~frequency sounds
tend te follow narrower and more beam-like
paths than do low-frequency sounds, We have
noticed how highly directional the sound of
a "hiss" or "psst", er a whistling tea
kettle 18 compared, for example, with the
rumbling asund of a4 washing machine
Low-frequency seunds tend to spread our
uniformly in all direerions from the nolse
source because of thelr long wavelengths.

The assumption that sound travels in
straight lines is valid only for wavelengths
that are short compared to the dimensiens of
cpen 8paces, rooms OF pasaage ways. Sound
waves travel inp acraight lines uncil they
encounter dome obatacle {n their path, If
the obstacle iIs small compared to the
wavelength of the spund, ehe wave front will
hardly be disrupted.

2. Sound Reflection: Bouncing of

Sound

When 0 sound wave atrikes a solid flat
surface that f{s large ccmpared to the
wavelength of sound, the wave is reflected
similar to the way a sunbeam is reflected
from a window pane. As sound waves scrike n
flat surface. chey rebound at an nngle equal
to the one at whilch they originally struck
the surface, as shown in Fig., 1-12.

A listener exposed to both the direce
wives and rveflected waves from a diatant
sound source will perceive the direet wave
to be much louder than the reflected wave,
At one time or apother, you might have
noticed that an acho of a person's handelap
or a yell in o lavge hall or canyon scemed
te be much less intensc than the original
sound. This reduction i1in loudness of the
reflected wave or echo 1s due to the longer
digtance it has traveled, and also to the
logs  of energy due to absorption by
reflecting surfaces and perhaps the alr.
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1, Reverberation: Hultiple

Refleceion of Sound

llowever, In a reverberant space of
small dimensions, the reflected and direct
sound waves tend to merge to produce a scund
that is5 louder than the direct sound alone.
If successive rellections follow one another
within a time dinterval of less than 35
milliseconds, the ordinsry person percelves
no acho. Thia corresponds te a spacing
between successive reflections of less than
about 35 feet (10 m). This type of sound
reflection frequently ia not only desirable
but can be put to practieal use, When
properly used it will enhance the sound of
muaic, or, as in the cage of a band shell,
it will reinforce the musie reaching the
audience,

You, perhaps, have taken advantage of
this phenomenon, if you have mounted your
stereo loudspeakers on a wall or in the
cornera of a room to get greater sound
intensity for the same setting of the volume
control.

Have you ever noticed upon entering a
bare, unfurnished room how much louder your
volce appears to bof The merging of the
reflected waves builds up the sound level.
This effect, which is called reverberarion,
is mest prominent 1In rooms with hard
reflecting surfaces such as a  typlcal
bathroom with its ceramic tile and plaster
surfaees.

This phenomenon, more so than any
other, gave birth to the so-called BATHROOM
BARITONE, Roons like the bathroom, which
are highly reverberant, would be descrihed
as belng acoustically live, Many basementc
arveas and recreation rooms would £all din
thia category. Bedrooms and living rooms,
on the other hand, would be considered as
acoustically dead because of the large
amoupta of  asound absorbent materials
normally found in these rooms, Obviously,
the Bathroom Baritone rarely performs in
such rooms because his powerful wvoice
suddenly would sound weak or dead, just like
the environment.

Highly reverberant rooms tend to be
excessively noisy. The mogt effective
method of dealing with this problem is to
install a large amount of gsound absorbent
treatment in the form of carpeting, drapery,
upholstered FEurnlture or an acoestical
ceiling, As a rule of thumb, if the sound
of a person's handclap onr a shout in a
particular rocm takes longer than a second
or twe to die away, the room 1is too

e N e e
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reverberant, and requires acoustic
treatment .,
Although  excessive reverberatien of

sounds 1n  most Instances 1s a4 problem
associated with the interior of butldings or
rooms, lt ecan oceur as well out of doors,
The most ccmmon example is the rveverberant
echoirg and rumble of thunder in mountainous
areag, The high noise levels caused hy the
reverberation of traffic noise betwoen tall
bulldings in major cicles 1s familiar to all
of us, The court areas of U shaped apart-
ment  bulldings tend to be excessively
rovarberant and mnoisy, particularly 1if they
are used as recreation areas or 1f they face
traffic arterfes. Very little can be done
to  remedy problems of natural oerigin;
however, man-made problems can be avoided
through prcper plannipg In the design stage.
For example, a U shaped courr yard should
not front en a vraffic artery,

4, Diffraction: Hending or Squeezing
of Sound

When a sound wave encounters an
obstacle or an opening which is comparable
in size to its wavelength, the sound will
bend around rhe obstacle or saqueeze through
the opening with little loss of energv, as
shown in Fips. 1-13a, 1-13b, This action 1is
known g diffraction., Diffraction occurs
when sound waves atrike the edge of a solid
barrier, This edge acts ns a focal 1ine
from which & new train of waves 1a
generated. These new waves which spread our
inte the area behind the barrier are of the
same frequency as the original waves bur
lower in intensity. Thiy explains why we
can hear traffie nolse from a busy highway
even though ft ig hidden from view by a
large building or a hill,

With regard to spund passing through
small openings, you may have noticed how
readily sound passes through 2 daor that is
slightly ajar. With the conventicenal
practice of {natalling doors with a 1/2 to
3/4 inch (13-19 mm) air space at the bottom
to provide for the eirculation of return
alr, it d1s not surprising that we get no
privacy even when the door is closed. The
amount of sound energy that passes through a
small hele or hairline crack in a wall is
far greater than one would predict besed on
the size of the crack., This peints out how
important it {3 ro caulk oy seal all cracks
or opendngs in walls, deors, ete., which
aeparate areas where privacy 1s desired.

Inside buildings, the combined effects
of diffraction and reflection permit sound
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te travel along winding corriders, up
atalrcases and through duct systems with
gurprising ease.

"QUIETING" IN THE PATH

1. Separate the MNolse Source and
Receiver As Much As Poasible

In open spaces, sound coming from a
point source, which 1s defined as one that
radiastes sound uniformly Iin all directions,
tends to spread out in a wave front that is
spherical in shape. The power at any point

~away from the source drops in proportion as

18

the surface aven of a aphere centered at the
source increases. For each doubling of
distance from the source, the surface area
increases fourfold., Consequently, for each
doubling of the distance, the power drops to
one-fourth or the power level drops by 6 dB.

that is located at a
distance that 1s large compared to the size
of the source acts to the obaerver like a
point source along a direct line between him
and the aource, even cthough the source
itself may be relatively large and may
radlate more sound in some directions than
in others. Thus, a power mower located at a

Any source
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digeance of 100 feet (30 m) and a large
noisy factory located at a distance of 1/4
mile (0.4 km) from the listener could hoth
be cousidered as point sources so far as the
listener 1s concerned.

Increasing your distance from o source
of neise 13 a  practieal means of nofse
abatement, if you can manage fc. If you can
quadruple your distance from a2 point scurce
you will have succeeded i1n lowering 1its
lowdneas by at leastc one-half or roughly 12
dB. However, 1f you have to contend with an
extended or a line source such as a ratlroad
train, the noifse level drops by only 3 dB
for each doubling of distance from the
source. The main resson for this lewer rate
of attenuation Is that line sources radiate
sound waves that are cylindrical in shape.
The gurface area of sduch waves only
increases twofold for each doubling of
distance from the source. However, when the
distance from the train becomea comparahle
to ita length, the noise level will begin to
drop at the rate of 6 dB for cach subsequent
doubling of distance. Figurea 1-l4a and
1~14h {llustrate how the nolse levels drop
as distance increases from both rypes of
noise sources,

Indoora, the poilse level generally
drops enly from 3 to 5 dB for each doubling
of distance 1n the near wvicinity of tle

source. However, furcther from the source,
reductions of enly 1 or 2 48 oceur far each
doubling of distance, due to the reflecrions
of sound off hard wall and ceiling surfaces.

2. Use Sound Absorbing Materials

Sound  absorbing materials  such as
acousric tile, carpets, and drapes placed on
ceiling, floor or wall surfaces c¢an reduce
the noise level in most rooms by about 5 tu
10 dB for high-pltched sounds, but only by 2
or 3 dB for low-pitched sounds.
Unfortunately, such treatment provides no
protection to an operator of a nodsy machine
who is 1in the midst of the direct noise
field. For pgreatest cffectiveness, sound
absorbing materials should be installed as
close to the noise source as pessible.

If you have a small or limited amount
of sound absorbing macerial and wish to make
the most eoffective use of Lt In a noisy
room, the best place to put it £s 1In che
upper trihedral cornets of the room, formed
by the celling and two wnlls, Due to che
process of reflection, the eoncentration of
gound {5 greatest in the erihedral corners
of a noisy roem. Therefore, the acoustic
material which abscrbs a fixed percentage of

the sound energy that strikes its  surface
will remove a greater amount  of sound
energy  when placed 1in such corners
(8 1
Qm“ \‘r P
e N =L
e i =t

:og

Fig. 1-14a. REDUCTION IN NOISE LEVEL WITH DISTANCE FROM A POINT S0URCE
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Fig. 1:14h, REBUCTION [N NOISE LEVEL WITH DISTANCE FROM A LINE SOURCE

than sopmewhere else in the room. The upper
corper locations alsa protect the
ligh-weight fragile material from danage.

However, because of thelr light weight
and porous nature, acoustical materials are
ineffectunl when applied to wall or ceiling
surfaces to prevent the rtransmission of
either airborne or atructure-borne sonnd
from one room to another. In other words,
Lf you can hear people walking or talking in
the room or apartment above, dpstalling
acoustical tile on your cefling will not
reduce the noise transmission. In most
cages, the installation of a saft, thick
carpet on tie floor ahove will reduce the
transmisslon of faotstep noise
subatantially, However, reduction of both
footstep aond conversational noise might
require the addition of either a floating
floor or a resiliently suspended gypsum
board ceiling to the existing floor-ceiling
construction.

3. Use Sound Barrievs and Deflectors

Placing barriers, screend, or
deflectors in the noise path can be an

20

effective way of reducing noise
transmission, providing that the barriers
are large enough in size, and depending upon
whether  the nolse {s  high-pitched nr
low~pitched. Wood or metal panels lined
with acoustical materials and placed in
front of or avound some noisy machine might
attenuate the noise reaching a worker on the
cother aide by anbout 10 to 15 dB if the nolae
is high-pitched, For example, in a voom
relatively free of echoecs, the noise from a
card-punch machine, which has a fundamencal
frequency of about 3000 Hz, can he reduced
in the shadow of a barrier which measures
about i feet (1.5 m) on a side by at leasat
10 dB, Low-pitched noise, however, might be
reduced by only 4 or 5 dB. Tigure 1~-15
illustrates the application of measures 1,
2, and 3.

1f intruding sound originates
out-nf-doora, you may be able to quier the
interior of your heuse by increasing cthe
gound iInsulation of the exterior shell.
Windows and doors are common leaka for both
sound and heat. Properly litted and sealed
storm wvindows apd doors 1411 cut dewn the
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intrusion of oputdoor sounds as well as
raeduce heat transfer.

4. Use Acoustical Lining

Nolge transmicted through ducts. pipe
chapes or electrical channels con be reduced
effectively by lining the inside surfazes of
such  possageways with sound absorbing
materials. In typical duct dnstallationa,
nolge reductions of the order of 2 to 3 dI
per linear foot of 1" (2.5 cm) thick

acousticel 1ining are qulite possible for
high-pitched sounds, (In mertric units, the
reduction is about 10 dB/m for an acoustical
lining 2.5 em thick.) A comparable degree
of noise reductien for the lewer frequency
sounds 1s considerably more difficult to
achieve because it usually requires at lenst
a doubling of the thickness and/or length of
acoustical trearment, Various types of duct
lining and silenters are illustrared in Fig.
1-14.
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Metal Duct
Glass Fiber

Inner Metal Duct

Glass Fiber
@ Board Liner

Outer Metal Duct
Glass Fiber Blanket

Metal Duct
Glass Fiber Board Liner

Silencer Honey-Comb
Glass Fiber

Fig. 1-16. VARIOUS TYPES OF ACOUSTICAL DUCT LINING, BAFFLES AND SILENCERS

5, Use¢  Mufflers, Silencers, or model airplancs, toys, power tools, etc.
Snubbera Such devices should also he used in all
inscallations in which large quantities of
Mufflers or sailencers should be high~-pressure, high=-veloeity gasses,
inatalled on all gasoline or dissel engines, liquids, steam or air are discharged into
regardless of aize, including those used 1in the open air as illuserated in Fig. 1-17.
22
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6. Uae yibratien Tgolators and
Flexible Couplers

in c<a8e8 where the nalse ryensmission
path is stcucture-‘botnc in - charastols
yibracion Jsolatord in the form of resilient
mountingds flexible couplerss oY grructurol
breaks OF diacontinuicieu should be
interposed patween  the moigc sowrce and

lj,':-.i-}i-l‘" ; .,..,.,,,....,._..u,__mn .

ot e A i

vecelver. Far example. apring mounts plnccd
under Aan appliance oF machine may prevenft
the £loor from vibrating: ar an exponsion
joint Fut along the puter edfes of a flooY
in 2 mechanical equipment Toow may reduce
the amount of vibration cransmicced 9 the
gtructural frame OF walls af 2 building.
gueh measures nre 11instrated in Figs. 1-18
and 1-19.
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Fig. 1-18, VARIOUS TYPES OF FLEXIBLE CONNECTORS
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Fig. 1-19. VARIOUS TYPES OF VIBRATION ISOLATORS

7, Use Enclosures

Sometimes it 1s much more practical and
economical to enclose a nofsy machine i1in a
geparate room or box than fo qulet 1¢ by
altering ita design, operation or component
parts, The walla of the enclosure should he
reagonably masaive, and airtight to contain
the aound. Absorbenc lining on the interior
surfaces of the epclesure will reduce the
reverberant buildup of nelse within 1c.
Structural contact berween the noise source
and the enclosure must be avoided, or else
the source vibration will be transmitted to
the enclosure walls. and thus short circuit
the dsolation. Filgures 1-20 and 1-21 show
the design and effectiveness of various
enclosure configurations. Total enclesures
should be used where large nofse reductions
are required, [L,c., exceeding 15 dB,
Partial enclesures of 1~ or U-ghaped
configurations may be adequate JIn areas
requiring amaller noise reductions.

L et o 2 s

A RLEA T IS

PROTECT THE RECEIVER

When exposure to intense nolse fields
is required, as when operating chainm saws or
other very noisy equipment, measures muat be
taken to protect che recelver from hearing
damage,  ‘1his can be done by employing some
of the fellowing techniques.

USE EAR PROTECTORS

Molded and pliable earplugs, cup type
protectors, and helmets are commepcially
available as hearing protectors, Such
devices may provide nolse reductions ranging
from 15 to 35 dB. However, such deVices
should be used only as a last resort, after
all other methods have failed to lower the
noise level to acceptable limita.

ALTER WORK SCHEDULE

Suppose you have done all that it is
posgible to do to quiet an appliance - and
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srill 1{t makes noise! You should then
eperate the unit at times which will causc
the least amount of discurbance to you and
especially your neighbor. Waiting uncil
later on Saturday and Sunday mornings to
cperdte your lawn mower and power taw won't
reduce their noise levels, but it may reduce
the intensity of your nefghhor's complaint.
Inherently nolsy operations, such as street
repalr, minicipal trash collection, factory
operation and aircraft traffic should be
curtailed at ndght and early morning to
avoid disturbing the sleep of the community.

Limit the amount of continuous exposure
to high noise 1levels. In terms of hearing
protection, it is preferable to schedule an
intensely nodsy operation for a shorc
interval of time each day over a period of
saveral doys rather than a contlnuous B=hour
run for a day or two.

At home there are several intensely
noisy chores such as gardening or
landacaping with power mewers, tillers, and
chain saws to name a few. If the howe owner
is concerned about protecting his hearing,
he  should dntersperse periods of qulet
activity during such chores to rest his
ears. In short, he should avaid finishing
intensaely noigy Jobs in continuous or overly
prolonged runs, unless, of course, he is
wearing ear protectorsa.

In an dindustrial plant employing a
large number of people,an intermittent work
schedule would benefit not only the operator
of the noisy equipment but also other
workers in the vicinity. Indeed, thio
practice would be even more beneficial If
the nroisy work were performed at night or at
some other time when a minimun: number of
employees would be exposed. This nssumes,
of course, that nolse created at night would
be confined o the plant area and thus not
disturb residential areas.

IS THERE AN ACOUSTICAL PERFUME?Y

Magking 1s a very prominent feature of
the behavior of our ears. If you listen to
a pure tone against a background of rival
sounds, It will seem to fade as the vrival
background increases. In fact, the sounds
of ordinary surroundings are sufficient to
obacure recognition of our heart beats and
breathing, which are quite audible in a very
quiet place. For some people, the awareness
of breath sounds is enough to break up the
rhvthm of breathing, and thie becomes a
pource of discomfort.
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However, sounds are masked only by
rival sounds that are quite near them in
pitch. Thus, the songs of birds cannot

obscure the snoring of a person sleeping.
Although lower—-pitch masking has a greater
effect an high-piteh sounds, the requirement
that the masker must be in the frequency
range of the tone to be masked is dominant,
as wa can recognize from the fact that
orchestral music is heard as an ensemble.
Effective masking requires a  Dbroad-band
source af masking sound, 1f you ean't
predict the frequency range of the noise, or
have to deal with broad-band interference.

In order to make conversational specch
less obtrusive, as in a crowded restaurant,
gome use has been mnmade of background music
as an  "“acoustical perfume". Clearly the
requivement for broad-band masking imposes
the use of relatively bland, complex
harmeny, with a limited range of volume.
Other usable sources of acoustical perfume
are rippling brooks and splashing founctains.

However, efforts to use acnustic
perfume for reduction of noise annoyance are
not likely to succced {f the noise levels
rival the levels of conversational speech.
In order to override theze levels, the
background sound muat begin te intrude inte
the higher levels where the ear's behavier
14 nonlipnear, As a result, sounds would no
langer necessarily retain their harmonious
character, Where people working In noilsy
areas have been allowed to bring in radios,
it will be observed that the listenoers
prafer strong rhythmle pacterns and solo
melodies.

A general  characteristic of acoustical
perfume 1s evident: {r can be used to
enhance the surroundings in an excessively
quier environment. TPeople prefer some noise
as opposed to not epough noise or too much
noise. Most people feel quite comfortable
in an envivonment with a low level, steady,
aoothing, unobtrusive sort of background
noise, such as can be found along secluded
beaches, forests, or quiet rountrysides.
However, 4t 1is impossible to produce a
peaceful environment in an already nolsy
place merely by obscuring the sounds with
rival stimuli.

Although the use of masking noise can
be beneficial in certain cases, 1t has been
extended and owveremphasized to the point
where 1t fails more frequently than it
succeeds, The concept of masking noise in
this context simply involves using an
artificially induced noise or the ambient
acoustical  environment beneficially for
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CIRCULATICN FOR COOLING

masking or overriding annoying dntruding
sounds. A deacripeive definleicn of masking
nofse might he any steady sound which haa
the follawing pleasing characteristics:

(a) low dintensity with a wide-band
frequency distribution, wvoid of any
pure-~tone components;

(b)Y an omnidirectional source, such
thut its lecation is not evident to the
chaerver;

{c) the ability te over-ride or mask
intruding noisge without becoming
annoying itself.

Many examples of sources of masking nolse
ave given 4w the literature; the most
commonly mentiened being vehicular traffic
and heating and alr conditioning equipment.
Unfortunately neither is suftable, Traffiec
noise is seldom steady, and the heating or
air- conditiening equipment is cyelie.

Hence such masking nolse may fteelf become a
geurce of annoyance. Likewise, using
acoustic perfume to “trade off" or
compensate for acoustically Inferior party
walla in the design of apartment buildings
usually  backfirves. However, commercial
devices which electronically produce magking
noise can be wused to dmprove privacy in
speclalized situations. For example, using
acoustic perfume Iin reception voomg or
offices of dcetors, dentists, or lauyers
provides additlonal privacy for the patient
or client.

However, tcho presence of masking noise
by whatever name interferes to some exteni
with the ability to discriminate sounds.
Thus, the presence of acoustie perfume in a
doctor's office might interfere with his
stethoscopie  exanination of a pationt.
Physicians have reported, for example, that
ir becomes difficulc to intwrpret the seunds
from a stethoscope 1f che surrounding sound
levels exceed 45 R,
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CHAPTER 2

NOTSE CONTRD]. AT HOME

The peace  and  quiet ctraditionally
arfociated with the  home iy fast
disappearing, Indeed at times the nolse
levels within and outslde the home ov
apartment appreach these found in Industrial
plants. As @ consequence, the typleal
homeowner or apartment dweller finds it
rather difflcult to isolate himself from the
nojse. This unfortunate situation is duc
primarily to the following factors:

{a} Increaslng use cof noisy appliances
in virtnally all areas of the heme.

(b) The open-space layout of many
homes. Wide doorless passageways between
rooms, walst-high partial walls, and open
screen room dividers permit noise to travel
freely to all areas of the home.

(¢) The poor sound insularion provided
beth by the exterior shell of the dwelling
and by «the partition walls, fleors, and
doors within,

muv’lnwgrq-ll-m

() Thee intrusion  of neighborhood
neise, the level of which unfortunately is
increasing with the growth of aucomobile and
afrceraft traffic, and with the uge of
outdoor powered cquipment and appliances.

Fipures 2-1 and 2-2 illustrate some of
the more common indoer and outdoor sources
of noise thac the typilcal apartment dweller
or homeowner is exposcd to on a daily hasis.

TRANSMISSION OF ATRRBORNE AND
STRUCTURETNORRE NOTSK:

The control of nolse In the home
involves reducing the travel or transmission
of both airborne noisc and
scructurchorne noise, whether generated by
sources within or cutside the home. By
alrborne noise we mean balse that is
producead inicinlly by a source which
radiates directly inte the alr, Many of the
noises we encounter daily are of airborne
origin; for example, the roar of an overhead

A

Fig. 2-1. COMMON INDOOR SOURCES OF NOISE
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Fig. 22, COMMON OUTDOOR SOURCES OF NOISE

jet plane, the blare of an auto horn, voices
of children, ar musle from sterec scts.
Ailrborne sound waves are transmitted simply
aa pressureg Fluctuationa in the open air, or
in buildings along continuous alr passages
such a8 rorridors, doorways, atalrcases and
duct systems.

The disturbing influences of airborne
noise geperated within a building generally
are limited to the areas near the nelse
sources, This 1s due to the £fact that
airborne noilses usgually are of much smaller
power and are atrenuated more ecasily rhan
structureborne noise, The sound from your
neighbor's stereo system may cause annoyance
in rooms of your apartment which are
adjacent to his, but rarely in rooms farther
removed unless dootrs or passageways are
open.

Structureborne noise occurs when wall,
floor or other huilding elements are set
into vibratory motion by dirvect contact with
vibrating sources such as  mechanieal
equipment or domescic appliances. This
mechanical energy Is transmitted throughout
the building structure to other wall and
floor assemblies with large surface areas,
which in turn are forced into vibration.
These vibrating surfaces, which behave
somewhat like the sounding board of a pilane,
transmir their motion to the surrounding
air, causing pressure fluctustions that are
propagated as airborne noise into adjacent
areas,

The intensity of strucktureborpe noise
generally is much higher than that produced
by a wall or floor structure when it has
been excited inte vibration by an airborne
gound wave because the wvibracing source is
more efficfently coupled to a structural

12

member than it is to the surrounding alr.
Unlike sound prepagated In  afr, the
vibrations are transmitted rapldly with very
iirele arcenuation through the skeletal
frame of the building or other structural
paths, These vibrations f[requently reach
large light-frame structures which perform
rather efficiently as sounding boards, and
radiate the nolse ar high levels.

"SOUNDING BOARD" EFFECT

Ic might be well to consider briefly
the so-called "sounding board effect", a
reinforcement or amplificaclon of sound,
whichk so frequently is inpvolved In the
radiation of structureborne noise.
Generally speaking, the efficdency of a
sound radiator waries directly with the
ratis of its surface orea to the wavelength
of sound; the larger the aren of & radiater
the pgreater ics effectiveness, A sound
source with a small radfating surface, such
as  a water pipe, produces relatlvely little
alrborne sound; but en the ether hand, it
will  radiate high-pitehed sounds more
efficiently than low-pitched sounds, all
other facters being equal. If a amall
vibrating source, which by 1tself radiates
little airberne noise, 18 rigidly or
mechanically coupled te a large surface sueh
as  plywood or gypsum wall panal, the
inrensity or wvolume of sound will be
substantially rednforged or amplified. A
piane provides an illusrration of this
effect, If we were to remove the sounding
board of a piano, the sound generated by the
vibrating strings would be almest inaudible,
because of thelr small radiating surface.

Under ceortain conditions, adlrborne
noise may produce structureborne noise which
in turn may be radiated again as airborne
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nafse. For example, an airborne sound wave
striking one side of a wall may cause the
entire wall to vibrate 1like a selid panel.
Thus, the sound 1s transmitted to the other
slde of the wall from which 1t 18 rvadlated
as alrborne sound. However, some of the
wall vibration will be transmitted to the
supporting floor, adjacent walls, and
through other structural members to  virfous
parts of the huildisg where 1t eventually
emerges ds alrborne sound.

There are many nofge sources which
generate bath airborne amd  structureborpe
nolse simultaneausly. Sources  usually
congidered to he strictly airberne nolse
generators may produce a substantial amount
of arructureborne noise and vibration I{f
they are fastened rigldly to wall and floor
structures. For example, a loudspeaker
built Into a wall enclosure might cause not
only the wall ro vibrate but perhaps the
rafters as well, Every noise source has
vibrating elements which radiate noise. A
window air conditioner suspended 1in mid air
would produce a gubstantial amount of afir-
borne noise; however, when the unit {is
mounted in a4  conpventional manper A
combinstion of both structureborne and
airborne noise of greater dintensity is
produced, due to the Induced vibration of
the window and supporting wall.
Oceasionally, a noilse source may produce
vibrations 8o low in frequency that they can
be felt but not heard. In some inatances,
such a seurce may induce a wall or floor
structure to resonate at lta own natural
frequency, which may he in the audible
range. Thus, the low-pitched drone of n
passing airplane may cause a wall or window
to resonate at a higher piteh rfhan  that
radiated by the plapne itself.

FLANKING NOISE '[RANSMISSION

The movement of noise from one
completely encleosed room te an adjoining
room separated by a continuous particion
wall may be either by direct transmission
through that wall, or hy  dndirect
transmission through adjedining walls,
cellings and floors common to both Tooms or
through corridors adjacent to the room.
Nolse tranamission by dindireer paths {is
known as flanking transmission. Quite
frequently one is faced with a4 noise problem
that involves a combination of both direct
and indirect rtransmission paths, and in
which noise from the indirect path way be
the more serious offender. Such indirect or
flanking transmission commonly occurs with
structureborne as well as alrborne nolse.
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The chief f{lankIng transmission paths
of alrborne noise botween two ad]acent rooms

usually Lovolvu common corridors,
ventflation prilles, duct svstems, oapen
culling  plenums which span both  rooms,

lowvered doors, amd close spacing of windows
between rooms. In addicion to the flanking

paths, there may  be naise leaks,
particularly along the cedlinp, floor and
side edges of the partltion wall.  Also,

nolae leaks may occur around pipe  and

conduitc puenetracilons, back-to-hack
Installaclons of cablnets and electrical
outlets In  the partition wall, Imperfeet

workmanship may result in serious noise
leaks, e.g., poor mortar Joints 1in masonry
core=walls which oftren are concealed behind
furred walls, panels or bullt=in cabinets,

As we see In Fig, 21-3 airborne noise
may travel from one room to anorher over a
number of different paths, some of which are
nat only complicated but often hidden from
view,

Flanking transmission paths of
structureborne neise, as {llustrated in Flg,
2-4, are about as numerous and diffficule to
trace as those of alrborne noise. HNolse and
vibration~producing equipment such as fans,
compressors, pumps, ventilation and plumbing
systoms readily compunicate thetr
vibratiopal energy to the building structure
if no precautionary measures are taken, The
vibracion travels quickly over lang
distances through the skeletal building
structure with no appreclable attenuation,
forcing other building elements 1like wall
and floor assemblies in other parts of the
building to vibrare apd to radiatve noise.

While noise or vibration transmission
problems between adjacent rooms  are
relatively simple to resolve, it may be

extremely difficult to determine the reasons
for excessively high nolse or wibration
lavels in rooms far removed from the nolse
sources. The difficulty arises in tracing
the specific flanking paths and identifying
the operating equipment at fault,

A good rule to follow 1s to conduct an
ingpection of the apartment building in
order to locate all excessilvely noisy areas.
Idenrify apd examine the major noise sources
in cach area, 1peluding thelr mouncings and
ather accessory equipment and hardware to
which they are connected. Then, starting
with the noisiest source try to vreduce as
much as possible the airborne noise
rodiation and vibrational motion of cthe
source, using the various teshniques
digcussed throughout this guide. This, of
course, presuppeses that the bullding owner



FLARKING NOISE PATRS NOISE LEAKS

F1 OPEN PLENUMS OVER WALLS, FALSE CEILINGS LI POOR SEAL AT CEILING EDGES
FT UNBAFFLED DUICT RUNS 12 POOR SEAL AROUND DUCT PENETRATL
F3 QUTDOQR PATH, WINDOW TO WINDOW 1} PCOR MOXTAR JBINTS, POROUS MASQNRY BLK
F4 CONTINUOUS UNBAFILID INDUCTOR UNITS L& PCOR SEAL AT SIDEWALL, FILLER PAML ETC,
5 HALL PATH, OPTN VENTS L5 BACK YO BACK CABINETS, POOR WORKMANSHIP
1]
ir
s
]

b HALL PATH, LOLVEALD DOORS HOLES, GAPS ATWALL PENETRATIDNS

F1 HALL PATH, OPENINGS UKDER DOORS POOR SEAL AT FLOOR [DGLS

F2 OPEN TROUGHS |N FLOOR-CEILING STRUCTURE BACK T0 BACK ELECTRICAL QUTLETS
HILES, GAPS AT FLOQR PENETRATIONS

QTHER POINTS 10 CONS IDER, RL: LEAKS ARE(A) SATTCN SIRIP AJO PDST CORNECTIONS OF PREFABRICAIED

WALLS, (B) UNDER FLOOR PIPEOR SENVICE CRASES, (L) RICESSED, SPANNING LICHT FIXTURES, (D) CEILING

& FLOOR COVER PLATES OF MOVAHLE WALLS, (€0 UNSUPPORTED AIQ UNBACKED wALL BOARD JOINTS (FI EDGES

& BACKING OF BUILT-{N CABINETS & AFPLIANCES, (Gt PRIFABRICATED, HOLLOW METAL, EXTERIOR CLRTAIN
ALLS,

Fig. 2-3. COMMON AIRBORNE NOISE TRANSMISSION PATHS IN BUILDINGS

or management will permit such a survey to GENERAL SOLUTIONS FOR NOLSE CONTROL

be dene. However, most owners Faced with IN THE HOME

nolse  complaints can be  persuaded to T

cooperate, c¢specially £f the chances are General solutions for the control of

goud that the d1nstallation of soma noise in the home or apartment involve a

inexpensive treatment or simple devices three step approach, namely:

would alleviata the noise problem, as for

example inserting vibration isclators under (1) Stop or reduce the transmissfon of

a pump or elevator motor; or perhaps airborne sound by 1nstalling a

installing pressure reducing wvalves in wall or floor structure in {its

certain locations of the bullding plumbing path.,  Ideally, the structure

system. should reduce the level of
34
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1MPACT
VIBRATIDN

EQUIP,

JMPACT OR EQUIPKENT INDUCTD
VIERATICN I'S TRANSMITTED
VIA STRUCTURAL PATHS THROLGH
OUT ALDG, & RADIATED AS AIRSORNE
NGISE BY WALL & FLOOR ASSIMBLILS

AlR BORKL NOIST RADIATION

VIERATION

Fig. 2.4, COMMON STRUCTURE-BORNE NOISE AND VIBRATION PATHS

IN BUILDINGS

intruding sound sufficiently rto
make 1t 1inaudible, or at least
uppoticeable dn  areas vhere
privacy 1is desired., The sound
insulacing effeeriveness of a
single wall 1s dependent on
weight; there is a galn of about 5
dp in sound insulation or
transmission loss for each
doubling of the mass of the wall.
However, gingle walls &re not
vary effective where a hipgh degree
of sound insulation is required,
Far the dame overall weipht,a
double wall or one uaing resilicnt
studs or channels can be made to
provide a higher degree of sound
insulation than a single wall.

Stop or reduce Che transmission of
impact or strucfureborne nolse by
installing a atvucture, whether a
wall or a floor, that will cushion
the impact or dinterrupt the path
of vibratien. In the case of g
concrete floor alab, a thick soft

35

carpet with felt or rubhber padding
will be adequate. A floor of
1ight~frame consrruction might
require not only carpeting, but
also a gypsum board celling
suspended on resilient channels to
achleve the sume degree of impact
isoclation.

(3) Stop or reduce sound reflection
whith tends to amplify or buildup
the level of noise, particularly
in Taoms . Ordinary room
furnishings like carpeting,
drapery and upholstered furniture
are effeceive sound ahsorbers and
should, cherefore, be used to
control excessive reflection.
Sound reflection off hard ceiling
surfaces can be minimized by the
installatien of an  absorptive
calling,

Techniques for the econtrel of airborne and
scructurehorne noise transmission through
wall and floor structures are illustrated in
Fig. 2=-5.
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SOUND ABSORPTION VERSUS SOUND INSULATION

The reductioan and control of noisc,
whether in machinery, buildings, or rooms,
gencrally involvea the use of sound
absorbing materials and sound iInsulating
materials, These materianls have different
properties and are used for different
purpogses, which ecan aot be interchanged.
But due to confusion, both materials often
are misused.

Sound abserbing materials such as
acoustical tile, carpets and drapery play an
tndispensible pore  1in  centrolling nolse
generated within a room or in reverberant
areas  such as lobbles, corridors and
ataircnses,  Alcthough such materials are
highly cffective as sound absorbers, they
are relacively poor sound Insulatoras because
of rheir goft, porous and lightwelght
construction. In short, thoy transmit noise
very easily. To [Llluscrate this point,
imagine o woll constructed solely of
acoustical tile, carper or drapery materinl,
Sueh & wall would provide virtually no
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resistance to the passage of sound through
it, A brick wall on the other hand, {3 a
very poor absorbor of sound bur it 18 an
extremely effective sound insulator.
Because It 1s massive, 1t resists che
passage of sound. Perhaps a betcer example
{1lustrating the difference bertween
absorption and insslation 1is the ordinary
blotter, The Dblotter 18 a very good
absarber of liquids, but one would never
consider using blotting paper to form the
walls of a swimming pool. When the bletrer
absorbs the liquid to its saturation point,
the 1dquid rendily passes through it and
leaks away.

Because sound ingulartors and seund
absorbers are both called acoustical
trearment", confusion arises between thelr
proper  uses, Improper application of
sound-absorbing  treatment to rveduce the
transmission of noise between adjoining
areas In an existing building has often heen
an expensive and annoying error.

WARNING: Sound-absorbing mutertals are



penerally 1ght amd porons.  They should not
be used on the Interior surface of one room
with the sofe intention of preventing the
transmisslon of sound to the next room. The
porosity af the micerinl actually
facilitates sound transmission.

KITCHEN NO1SE

With rire exception, the kitchen is the
nolsiest room in the home. This 1is due to
trs hapd sound reflecting surfaces, and the
frequent and oftentimes simultancous
operation of the various types of very noisy
power~driven  appliances found In  the
kitchan, These Include garbage disposers,
dishwashers, blemders, mixers, ean openers,
ice crushers, exhaust fans, ctc. Although
kitchen noise pgenerally subsides before
bedtime and thus rarcly Interfers with
sleep, {t ranks as one of the most
irrltating disturbances during dayrime or
carly evendng perlods of relaxacion and
entercainment. Even though most kitchen
appliances are operated for relatdvely shert
perieds of time, 1t i1s the intensity, random
intermittency and the perlodic or cyclice
characteristics of the munlse that are
especially annoying, as for dinstance the
noise nssociated with filling, washing,
draining and rinsing cycles of a dishwasher.
Kitchen nolse 1like most building noise
problems can be avolded 1i[ good nolse
control techniques are ipcarperated early in

the desipn scape of the home,  This can best
be done by adepting the tallowing desipn and
nolse control feitures.

(1) Choase a floor plan which locates
phe kitchen as far  as  possihle from
sucl nofse sensitive areas as bedrooms,
studies or lormal 1iving rooms.

(2} DNeslgn the kivehen as a completely
eneloged gsound insulated voom,

(3} Select  “quiet" appliances and
insist on proper wvihration fsolated
mounting or Installation, and

(4 Inetall sound absorbing materfals
on toom surfaces te reduce the nolse
huildup due to excessive reverberation,
Materials such as acoustical celiling
tile, draperies and curtains, carpets
or throw vups and even racks of exposed
rowelling ean provide a considerable
reductlon in kitchen nolse level.

What can be done to control the noise
[rom an exiscing kitchen with typical
appliapnces and furnlshings? A significanc
reduction of both the level of nolse in the
kitchen area and the amcount of nolse
escaping ta other arcas of the home can be
achieved by adopting the recommendatlons
{llustrated in Fig., 2-6, and deseribed in
greater detall Lelow.

1) Install solid door with gaskets

{2} Use vibration isolators & mounts

{3] Isolate appléance from cabinel with rubber;
gaskat

(1) Msort rebbar gaskets behind cabinets and
appliances (o avoid wall cantact

{6} Place rubber pads under small units, dish racks
and in sink basins

{6} Install rubber or cork tile on backs and shelves
of cahinats
{7) Aphly vibration damping material
{B} Instatl acaustic 1ile
{9} Install exhaust fan on rubber mounts
{10} Install acoustic coiling
(11) Instafl carpet or foam bucked tile

Fig. 2.8, RECOMMENDATIONS FOR REDUCING KITCHEN NOISE
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Install Doors

Completely enclase the kitehen area by
Installing doors in all passageways. Doors
should be of solid core construction and
equipped with soft rubber or plastic gaskets
at the top, sides and at the bottom, as
i1lustrated in Fig, 2=-7. MNinged or sliding
doorg may be used, providing good edge secals
are mafntained. Sueh an  installacion will
confine the nolse te the kitchen area,

Contral Appliance Nelse

1, Vibration isolate rhe appliance
from the floor

Place padsn of resilient materials
such as sponpge rubber, ribbed
neoprene or golid rubber upder the
lega or corners of large, heavy
appliances  1like wash machines,
dryers, and  refrigerators to

SoLpwoob
CORE

UST INENTRANCE,
BIDAOOA & DATHROOM
AREAS

50010 CORL POOR

prevent the transfer of machine
vibratlen to the supporcing fleor,
Pads measuring L/4 ta 1/2 dnch (6
to 13 mm) In  thickness wich an
arpa of shout 2 square inches (13
em™}  should provide  adequate
vibration isolation for most large
appliances, To prevent scrow-type
legs from sinking too deeply in
the pad, place a hard plate on top
of the pad to discribute the load
more uniformly. The legs may
require seme adjustment to prevent
rattling against the hard plates.

Isolate appliance from the wall

Under no conditiops should any
appliance make rigid contace with
a wall., A space of at least 2
Inches (5 em) should geparave the
appliance from the wall., Flexible
plastic or rubber hoses should be

USE N CLOSLT
AND STORAGE AREAS

140LLOW CORT DOGR

AUTOMATIC -9’

DROP
S

RUBBER
TUHK

Flg. 2.7. PROPER INSTALLATIQON OF SQUND INSULATING DOORS
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vsed in the installation of food
waste disposers, and of dish or
clothes washers te  avoid the
transfer of machine vibratien to
the walls containing the plumbing
outlets or fixtures. Dthierwise,
the vibrating walls acting tike
seunding boards would tend to
amplify the machine noise.

Iselate the appliance from cabinet
enclosure

Appliances such os dishwashers,
disposers, compaclurs, etc., which
are buflt iInto or enclosed by
counter-type wall eabinets, should
preferably be installed with a
perimeter strip type pasket er
spacers made of aofc rubber ro
vibrationally isolate the cahiners
from the machine. A strip guasket
1/4 inch {6 mm) thick and 1/2 inch
(13 mm) wide attached to the cop
and side edges of the vuvahinet
opeping dnto which the appliance
1s to he installed would provide
adequate isolation.

Small countertop appliances such
as blenders, mixers, ice crushers,
can openpers, ete. should be placed
on small pads of seft rubber to
prevent the tranafer of vibration
to the countertop.

As a temporary measure, folded
towela placed under small
appliances c¢an be effective.
Howaver, in using thege schenes,
one must be careful to aveid
blocking any air wents used for
coollng purposes that might be
located in the base of the units,
Otherwise, the appliances might
tend to overheat with prolonged
use.

A aoft vuhber sleeve-type gasket
inserted between the mounting
flange of a waste disposer and a
gink basin will tend to prevent
the sink from vibrating and thus
amplifying the dispeser noise.
Figure 2-8 1llustrates the proper
inatallation of n diaposer for
quiet operation,

Isolate the cabinet enclosure from
wall

Countertop wall cabinets with
built-in appliances tend o

Fip. 2.8,

(T D B o o ) i

vihrate excesaively when the
devices are used, To prevent the
ctranamisslon af the wvibration to
the back wall, strip gaskets, as
deserihed above, should he
ingerted bhehind the cabiner to
avoid rigld contact with the wall.
This wlll eliminate the tendency
of the wall to act as & sounding
board, Such gaskets will also
reduce Impact nofse radiation
causced by the atecking of cabinet
shelves and the closing of drawers
and cahinet doors.

Isolate small appliances

A — Rubher Gasketr £ — Ring Plate K — Ring Clamp

G - Disp’l-Flange L -~ Metal Cover

C - Acoustic Mat'l  H - Sweal Washer M ~ Glasswonl

| — Rubber Washer N ~ Disp’l-Housing

E - Mastic Coat J = Nut 0 ~ Rubber Sleova

P = Ruhber Hose
DESIGN AND INSTALLATION OF A

GARBAGE DISPOSER FOR QUIET
OPERATION
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Sometimes lining the inside
surtaces of an appliance with a
metal or lead foil-backed adhesive
coated tape will damp the vibra-
tion of the case and thus result
in some reduction of the noise.
Aside from operating the units
at low speeds, about all the owner
can do is to vibrationaily isolate
the units from the counter taps
by placing soft rubber pads
under the base. This scheme at
least prevents the counter top
from amplifying the noise as
a sounding board and thus results
in a noticeable roduetion in
the overall noise,

Placing rubber mats In  stnk
basins, and on courtertaps
alengside the cook range, and

under dish drying racks or haskers
will cushion or absorb the impact
nolse caused by handling of
dishes, pots and pans; further,
such mats will tend to suppress
the drumhead type amplification of
impact noise by the hollow
reverborant cablnets,

the

Cushion nolse in

cabinets

impact

tubher or cork tile
on the shelves and back surfaces
aof the kitchen cabinees to
minimize the iImpact noise caused
by placing dishware or foed
supplies in the cabiners. The
£iles will cushion or absorb the
impaers caused by such chores,

Install soft

Placing soft rubber bumpers or
small atrips of foam rubber an the
inside edges of the cabinet doors
will reduce the noise cawsed by
the closing or slamming of the
doors,

Apply vibration damping material

Sink basins equipped with a food
waste disposer should be under-
coated with a thick layer of a
mastic type vibration damping
material or other types of
vibration dampers as {llustrated
in Fig. 1-9. BSuch treatment will
suppress the vibraeion of the sink
and resulting noise caused by
operation of the disposer.
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Damping treatment applied to the
Interior surfaces of the mecal
cabinets and tumblers of lavger
appliances, especially  washing
machines and dryers, would resule
in o notlceable reduction of noise
due te cabinet vibraction,

Inatall acoustical lining

Installing acoustical tile an the
Interior walls of the sink cabinet
will minimize the neise buildup in
the hollow reverberant encloaure.
If space permits, this treatment
should be applied to the cabine:
that encloses the dishwasher or
any other appliance.

Install exhaust fans on rubber
MOUnNES
Most ceiling exhaust systems use

high speed, nolsy propeller fans
that are mounted rtigidly to the
ducts, which in turn are connected
to the ceiling by means of the fan
grilles. These structural paths
carry the fan vibration to the
celling, which acts like a large
sounding board and amplifies the
noise. You can reduce the noise
level noticeably by follewing this
three-step procedure: If
possible, rtemount the fan on
rubber prommets or resilient
spacers to lsulate it from
the duct, as shown in Fip, 2-9,
In addition, try to break contact
between the duct and the ceiling
by inserting a soft sponge ruhber
gasket or spacers between the
grille and the ceiling, Operate
the fan at its lowest speed.

In the case of 2 hood type fan
installed direetly above the
stove, 1t is unfortunately much

more difficule to reduce the noise
output because of the severe space
limitaciona. 1In most wsituations,
the only measures ypu can use to
lower the nolse are to operate the
fan at its slowest apeed, and to
keep the oil and grease from
accumulating on the fan blades and
clogeing wup the pores of the
filter pack. If 1t 1s ar all
possible to do so, inscall the fan
on rubber mounts; this will reduce
the nolse due to heod vibration.
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When replacement of a celling or
hood exbaust fan 1s due, remember
that squirrel-cage type fans are
leas  nolsy than prapeller blade
units, ns {llustrated in Fig, 3-2.

The ideal sclution to avoid
bathroom exhaust fan nolse is
to install a squirrel- cage
fan on rubber mounts at the
discharge or outdoor end of
the duct inatead of at the intake
end in the ceiling., These
measures cambined with some
aceustical lining mear thea fan
and a flexible link between
the duct and the ceiling would
result in a relatively noise-
less operation.

Install acoustic ceiling

The inatallation of an acoustic
celling 1in the kitchen area will

oA i 2 e = o e 8
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PROPER INSTALLATION OF AN EXHAUST FAN

absorb a moticeable amount of
noise, For ease of cleaning and
maintenance, vinyl or membrane
faced tile are availadble,

Droperies, curtalns and racks of
exposed toweling also are food
gound absorbers, particularly ac
high frequencies.
Install carpet or Foom-backed
resilient tile

Installacion of foam-backed tile
ot an indoor/outdoor type
carpeting, which is atain

resistant, {8 an effective way of
reducing impact noise caused by
footsteps and dropped objects.

Quieting of large appliances

The application of basic
noise-cantrel principles in the
early design stages of large
appliances would eliminate much of
the noise and discturbance such
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devices causu. This, of course,
is an englneer's responslhilitvy,
and should have been [ncorporated
in the desipgn. The consumer can
encourage such proctices hy giving
preference to quict appliances.
Eximeing appliances can he quieted
to gome degree by applying  the
noise control measures {llustrated
ip Fig. 2-10, and lisced below.

(&) Inatsll rIhbed neoprene or
aoft rubber pads under the
Legs of the units.

(b} Adfust screw-leveling tepgs to
prevent units from webbling.

(e} Tighten all loose parts and
panels to prevent them from
raetling.

AR LOCKS T0 REDUCE
WATER HAMMERTNG.

WASH MACHINE

CONNECTORS

()

(c)

(£}

Tnstall soft rubber gaskets
around pipe openings  and
alang  the perimeter cdges of
doors, of washing machines,
deyers, and  dishwashers to
prevent nolse leakage from
inslde the machines.

With sucly units 1in operatlon,
run your fingers lightly over
the surfaces of the machlines
to find areas of greatest
vibration. At these points
Install  vibration damping
materials  on the fnside
surfaces. This will tend to
suppress  the vibration and
reduce the noise output.

Apply glass fiber bhoard on
the interler surfaces of the

USERUBBER PADS AND CASKETS
10 VIBRATION 150LATE
APP{IANCE FROM CABINET

VIBRATION
1SDLATOR

s
PLAIMETF R

- {.e=RUBBIR
GASKLT

VIBRATI
150LATO]

[
L]

Fig, 2-10. PROPER INSTALLATION OF APPLIANCES FOR QUIET OPERATION
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cablnets to reduce the noise

bulldup In these reverberant
enclosures,

(8) The more technically
competent  person might try
mounting motors and pumps on
resilient 1solators and
insercing rubber sleoeves

around pilpes ond condults at
points of support or contact
with large cabinet surfaces.

above acoustical
reduction

Incorporation of the
measures Will make a substantial
of the noise in the kictchen area,

RECREATION OR PLAY ROOMS

Other rooms of the home can he as noisy
as the kitchen. These rooms are the fumily

or vecreation vrooms, wherc members of the
family, especially children, ore permitted
to watch television programs, listen to

play pames or practice
Such rooms tend ta he
and neisy because the

thelr stereo setrs,

thelr music lessons,
gomewhat reverberant
wall and floor surfaces and furniture
generally found in these rooms ave made of
hard materials designed to be  stain
registant and durable. In addition, the

rooms generally have wide open passageways,
which permit the sound to travel to other
areas,

Installing acoustic tile on the

ceiling, drapery on the walls, and perhaps
placing a few pleces of shag carpeting on
the floor will reduece the noise buildup, ind
diminish distraceion and annoyance,

While such measures will reduce mneise
levels 1in the veereation toom, thay do
little to keep the noise from apreading to
other areas of the home where a quiet and
relaxing actmosphere may be desired even
during daylight houra. The most effective

measure to decrease the leakage of neolse
from rooms with open passageways 18 to
install sound insulating doors, as was

recommended in the case of the kitchen area.

hear  thedr children at will anywhere in the
house  without compromising the  sound
isolatien that other members of the family
might enjoy,

Bolse din recreation rooms caused by
playing  such popular pames as darts, cable
tennls, and billiards coan be made less

disturbing, without detracting from the fun,
by placing a vubber pad hehind the dart
board, undercoating the tennis table with a

vibration damping compound, and by placing
rubber pads at the bottom nf the billiard
pockets and  linfng the kall return chuces

with rubber or cork tile. Such treatment
will cushion the d{mpacts and muffle che
cesultant nolse and distraccion.

Earphones or  hendsets can be used when
anyone wishes to liaten to a sound system,
radio or television set without disturbing
other members of the household. This use,
of course, does open the possibility that
the llstener unwittingly can turn the sound
volume uwp to levels hazardous to his
hearfng. Some limit should he set, either
by an attenuation pad inserted at the
earphone outlec (which can be installed by a
serviceman) or by marking a stop position on
the wvolume contrel, beyond which 1c should
ot be turned.

Basement Recreation Reoms

In ane-story homes, special attention
mugt be patd to prevent the transmiasion of
sound from vecreation rooms located in
basements to noisc sensitive areas on the
floor above. In many enses, rvecreation
rooms are located directly belaw bedroom and
study areas where privacy and quiet
surroundings are most desired. The
ipstallation of a sound insulating ceiling
nasembly will alleviate such problems. A
ceiling assembly which will provide adequate
sound insulation under most circumstances
would consist of the following construction,
as illustrated in Fig. 2-11,

floor Jjolsts are exposed,
install & 3 dnch (7.6 cm) thick
layer of pglass fiber dnsulation
between the joists,

(a) If the

However, gsome people, mothers in
particular, might object te having rooms (b) arvtach metal rosilient channels to
closed off for fear that they may not be the under edges of the Jjolists.
able to hear what their children are doing The channels should be instelled
in other parts of the house. Of course, so that they are perpendicular to
when needed, doorways can always be kept the Joists and spaced 2 feet (60
open, but a more practical solution to this cm) apart.
problem ig to install an intercommunication
system throughout the house. This {c) Attach a 5/8-inch (16 mm) thiek
electronic device will enable mothers to layer of pypsaum boord to the
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wnod floor joists

woot subfloor

. wood finish floor

glass fiker blanket, 3 in, thick

Spn o

. tesilient metal channels
qypsum hoard, 5/8 in, thick
acoustical tile

Nom

Fig. 211, DESIGN OF A SOUND INSULATING CEILING FOR A BASEMENT

RECREATION ROOM

resilient channels with

self-tapping screwa.

{(d) Provide a 1l/4-inch (6 mm)
clearapce around the perimeter
edge of the celling to avoid
contact with the walls, and f111
the space with a  resilient
nen~setting caulk,

(e} To reduce excessive reverberation
in the recreation vroom, cement
acoustie tile to the gypsum board
celling., As mentioned previously,
the application of the acoustir
tile will not improve the sound
ingsulation of the new ceiling
conscruction, but will only reduce
the noise level in the recreation
room.

Ingcall a sound ipaulating deor with
proper gaskets at the entrance te  the
staircase leading to the basementr recreation
ropm. ‘This measure will eonfine the noise
to the recreatfion room area,

Install carpering onm the floer and
staira to absorb both airberne noise and the
impact of foot stepa.
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CORRIDORS, NHALLS, STATRCASES

In most apartments and homes, corridora
or halls separate the noisy kitchen and
family arcos from the bedroom and study
areas where a relatively high degree of
privacy and quiet d1is desired. The most
effective way of preserving chia privacy is
to inatall n solid core door
at the entrance  of the hall leadipg to the

bedreom area. Such doors, when Installed
with proper gagkets, beceme very effactive
barriers against the noise escaping from the
kitehen or family room arcas of the home,
In addition, installing a soft thick carpet

in the hall and staircase will muffle the
impact nolse of foot steps and reduce
reverberation chus  leading te a quiet
environment.

TMPROVING THE PRIVACY OF YOUR BEDROOM, STUDY
AND BATH AREAS

Although interference with a persom's
sleep 13 least to be tolerated, especially
at night, there are times when one desires
quiet and privacy during the day. Aresa
requiring such privacy are the bedroonm,
atudy, and bathroom areas. Unfortunately,
in most homes and apartments the lack of



privacy in <these areas Is obvious, This air paths become sound paths that oullify

arises from the wusc of the following any privacy cordinarily provided by walls and
building constructions and practices: daors,
(a) thin, vencer, hollow-core doors, The obvious solution to this problem is
() open air spaces under deors that toi
provide for the circulation of
return air, and (1) install solid core doors with
(c} the poor sound insulation provided perimeter  paskets  and o drep
by light fnterifor walls throughout closure,
the home, particularly in bedroom
areas, (L) 1f possihle, install separate
return alr ducts im each room.
The common practice of dinstalling a Sometimes this can be dope in
forced-air ventilation system in some one-story houses, 1f the floor
central closet location is responsible for jolses and ductwork are oxposed in
the lack ef privacy in homes and apartments. the area below. If this is not
Since such a system often uses a central possible, lnstall  acoustieally
hall or corridor as the main air return lined air transfer grilles or
duet, all other vooms bardering on this hall ducts, as 1llustrated in  Fig.
must vent the return alr through apen air 2-12, Such ducts are commercially
spaces under the doots. lUnfortunately, such avallable.

Acoustic Lining

Far quiet operation: Use large
size grille, 6ft. length of acoustic
lining in each duct run, rounded
duet coraers and stream-Jined
defleciors or wide-mesh grille
face. Avoid sharp edges,

4
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Fip. 2-12, DESIGN AND INSTALLAT!ON OF A QUIET AIR RETURN DUCT
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During censtruction of the house,
similar return air duers could
have been  budle  between the
studding of the bedroom walls, by
gimply lipning the Inside surfaqes
of the wallboard with acoustienl
duct liper and providing an outlet
grille ar the roep of the duct on
the hall side of the wall, and an
intake grille at the bottom of the
duct on the bedroom side of the
wall,

If one is disturbed by copnversation, TV
gounds, etc., coming through the walls in
bedroom areas, he should also look for nolse
leaks at the base of the walls apd at
electrical ourlets.

The sound dinsulation of an exlsting
wall may be improved by eliminating such

structure 1y the sound transmission lasa.
The sound transmissfon loss is defined as
the number of decibels by whieh sound power
randomly ineldent on a partition wall is
reduced 1in transmission through the wall,
This 14 Lllustrated in the left top diagram
of Fig., 2=5, which shows a wall with an STL
value of 30 dB reducing an Inciddent noise
level of 70 dB te a trapsmitted level of 40
dB, a 30 dB reduction, In this case, the
transmitted noise level 15 above the
backgreund neise and as a result 1s audible.
The right diagram shews a 50 4B wall under
the same noise conditions reducing the
transmirted nolse to an  {naudible level,
i.e., below that aof the background noise,
In this instance, the backpround noise d1a
said to mask the transmitted noise. 1In the
firat example, the wall would not provide
satdafactory sound Insularlon whereas in the
second ecase, adenuate insulacien would be
achieved under these ceonditfons.

gound leaks or by laminating anether layer
of wallboard, preferably to hoth sides of

the wall., (See Fig. 2-13.) Thus, the satisfactery performance of

the wall in a given situation hinges
primarily on three factora: (1) the sound
level on the source or nolsy sidej (2) the
sound transmission loss of the wall; and (3)
the background nolse level on the receiving
or quiet side of the wall,

IMPROVING THE SOUND INSULATION OF WALLS

A quantitvative measure of the sound
insulation provided by a wall or floor

1/4" Gap Filled With
Resilient Caulk Nan-setting

Adhesive

Existing Wall

T )
V7

/ h\ LN AL
A\

N

Nails
1/4" Gap Filled With 1/2"' Thick
Resilient Caulk Gypsum
Wallboard

Fig. 2.13. IMPROVING THE SOUND INSULATION OF AN EXISTING WALL
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As wa recognize from daily experience, Many walls, cspecially  parcy walls

the sound transmission loas differs for separating apartment units, are particularly
sounds of wvarious frequencies. The vulnerable to noise  leakage. The
low-frequency sounds of a passing truck installation  of back=to=tack electricnl
travel through a wall structure much more outlets, medicine cablnets, and master TV
readily than do the high-frequency sounds outlety are common causes of noise leakage.
gonerated by chirping birds, In erder to Openings around pipe penetrations and duct

cope with this variation in a practical way, work are
single number rating, Cracks at the celling and floor edges of
class {STC) walls caused either hy settlement or poor
The STC rating of a bLuilding construction allow the transmission of noise
a preacribed manner from ene space to another.

sound transmission loka values

in sixceen frequency bands spaced
The higher the STC can be dmproved simply by eliminating the

a frequency-weighted

called the

was duveleped.
structure is derived in

from the
measured

between 125 and 4000 Hz.
rating of a partition, the greater is its
effectivencss as a sound dinsulator,
2-1 shows the performance
with different STC
in terms of thelr approximate
effectiveness against intruding speech.

structures
described

Pue to conventional building materials drain pipes
and construction, most interior walls within slightly
home or apartment would have STC

The first five
the end of glasy packing and sealed

a typical

ratings between 30 and 35,

gound transmission

entries in the bibliography at

this Guide contalin architectural
and floor

illustrations of various wall

gstructures
ratings.

STC
Rating

25
30

5

40

45

50

covering a wide range of STC

of wvarious wall
ratings Fig., 2-14)

also causes of nolse leakapge.

The scund {nsulatfon of many such walls

noise leaks and flanking patha.

Table
{a) Sealing holes and cracks: (soe

All holes aor openings around
plunbing fixtures, piping and
should be enlarged
to provide a clearance
around the pilpe. The opening
ghould then be filled with a fiher

completely with a resilient caulk.
This same treatment should be used
in openings around ducts, grilles
and ¢lectrical outlets.

TABLE 2-1

SOUND TRANSMISSION CLASS (STC) FOR VARIOUS WALL STRUCTURES

Privacy Afforded
Normal speech earily
undetrstoocd

Normal apeech audible
but not intelligible

Loud apeech audible
and fairly
understandable

Loud speech audible
but not intelliglble

Loud speech barely
audible

Shouting barely
audible

Shouting not audible

Wall Structure

1/4" wood panels nalled on each side of 2x4 studs
3/8" gypsum wallboard nailed to one side of 2x4 studs

5/8" gypsunm wallboard nailed to beth sides of Zx4 scuds

Two layers of 5/8" gypsum wallboard nailed to beth
sidea of 2x4 studs
Two sets of 2x3 studs staggered B8'" on centers fastened

to 2x4 base and head plates with two layers of 5/8"
gypstm wallboard nailed on the outer edge of ecach set

of studs

2x4 wood studs with resilient channels nailed
horizontally to both sides with 5/B" gypsum wallboard
serewed to channels on each side

3-5/8" metal scuds with 3" layer of glass fiber blanket
stapled between studs, Two layers of 5/8" gypsum wall-
bhoard attached to each side of studs.
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(b)

L_Caulk

2. Lead Wrap 4. Electrical Qutlets

3. Glass Fiber Packing

5. Wall
G, Ceiling

7. Floor
B, Pipo

Fig. 2-14. SEALING COMMON NOISE LEAKS IN EXISTING WALLS

Settlement cracks at the ceiling
edge of a wall should be sealed
with o resilient caulk, prefarably
applied undey pressure with a
caulking gun. Cracks at the floor
edge of the wall sheuld be handled
in the same manner, although it
might require removing the toe
molding and base boards to do g
thorough job,

Sealinp leaks hbehind back-to=back
outlets and cabinets: {see Fig.
2=-15)

If you hear your neighbor's noise
coming through an electriecal
cutlet, remove the cover plate and
examine the opening. If
necessary, remove your outlet hox,

A At i b e o b T
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pack glass fiber wadding areond
your neighber's cutlet, and insert
a 1/16-1inch (1 mm) thick sheet of
lead te form an airtight barrier
wall. Reinaseall your outlet box,
111 the remaining voids with the
glass Tiber and eaulk and replace
the cover plate,

1f the party wall is of wood stud
comstruction, you may be able to
rewlire and install your outlet In
the adjoining stud space, Fill
the volds around both outlets with
the glass fiber wadding and seal
the former opening with a pilece of
wallboard.

Noige transmission through
recessed medicine sabinets can be
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AVOID RECFSSED BACK- TO-BACK MOUKTING
OF CABINETS 'N PARTY WaLLS

STAGGEN OR SURFACE
MOUNT CABINETS

SWIICH OR ILECIRICAL oul’m,
USE QUILT TYPE LIGHT SWITCHES
DISCOLAAGE PLACIMINT OF TV SE1S RQUGHOUT APT5. PARTICULARLY
AGAINST PARTY WALLS BY FROVIDING (N PARTY WALLS.

TV ANTEN. DUTLETS I KON-PARTY WALLS

AVD10 RECESSED BACK-10-BACK

MOUNTING OF ELECTRICAL DUNLETS

Fig. 2-16. PROPER INSTALLATION OF CABINETS AND ELECTRICAL OUTLETS IN WALLS

handled 1in a similar manner, exlating wall must be made. Where only a
3 However, 1f apace permits, you may moderate degree of sound {nsulation is
f'-? be able to insert a gypsum board rvequired, laminate a 1/2" (13 nmm) thick
5 or & sheet of plywood as a barrier layer of gypsum wallbeard preferably to both
il " berween the two cabineta, In this sides of the existing wall with a resilient
case you should caulk the nan-setting adhesive, as illustrated in Fig,
perimeter edges of the intervening 2-13,  In additien, provide a 1/4" (6 mm}
barrier before fnstalling your clearance along the perimeter edpes of the
cahinet. wallboard and  £111 the s&pace with a

nop-setting caulk compound,

e (c) Eliminating flanking paths: (ace
Flg. 2-16) A puch hipher degree of privacy would

require the attachment of a wall of special

The chief flanking paths in homes design to the existing wall. The new wall,
¥ and in apartment bufldings are ag shown In Fig, 2-17, would be constructed
i open  ceiling plenums,  attic as follows:

i spaces, basement areas and crawl

i apaces which #pan freely across (a) Fasten wood furring members,
dwelling units or adjacent rooms, spaced 16" {40 cm) on centers
¥ Such arens should hWe complegely vertically, to the existing wall.
H subdivided  with full height

H partitions er harriers installed (b} Nail restlient metal channels
*1 directly above and below the party perpendicularly to the furring
i walls aseparating the dwelling members; channels should be spaced
;: units or rooms in question. 24" (60 cm) apart.

i If the above rpcommendations f£ail ta (e) Fill cthe space between the
1 improve the sound inauwlatlon of, the party existing wall and the chaennels
5: wall sufficiently, then medifications to the with o glass fiber blanker.

d
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CYPSUM B0,
MOIST PATH AYOID D 2MOIRG
WALLS TO LHDiRS1BE
OF SUSPIHDID CRILING

A¥UID OM K
ATHC SPACIS
R PLIKUMS

APL B

AYOIDOPEN

CRAWL SFALL
OR BASIMINT
AREAS

THIS

T T T T L T
(s D R A OO Y S et

AP1. A

RO

CEILING SLAB
FARTITICH WALLS

LLLY

AFTS, SHOULP [RT[ND

1 KOM HLOOR S1AT
ETILING SLAR

JLOGR SLAR
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o

/ APL &
S AT

ROUF
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L= <
ATTIE SPAC OUND BARKIEA

B falaf ) 2 N 1 0 0 T I I
GYPSLM 2D A TTND WALL 10 ROOF
CIine QR DIVIDE ATIE $PACE

WITH QL2 IGHY BARRIER

nock-cne |
ASSIMILY, i

PART{tION
WAL

[

CRAW, SPALE
OR BASIMINT

BIVIBL CRAWL SPACT

R RAS{MLN ARLA

WITH TULL- 1 |CHT BARRIER

Fig. 218, METHODS OF CONTROLLING FLANKING SOUND TRANSMISSION PATHS
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Fig. 217. METHOD OF OBTAINING A SUBSTANTIAL INCREASE IN SCUND INSULATION FROM AN

EXISTING WALL

(d)  Actach 1/2" (13 mm) thick gypsum
wallboard to the metal channels
with self-tapping screws.

(e) Provide a 1f4" (6 mm) clearance
around the perimeter edpfe of the
wallboerd to aveld restraining
contact with adjoining surfaces of
the voom; fill the clearance gap
with a4 resllient non-gsetting
caulk.

IMPROVING THE  SOUND INSULATION oF
FLOOR-CEILING CORSTRUCTIONS

A floopr-celling construction separating
two rooms or apartment units will provide
adequate sound insulation or privacy, if ie
can reduce the iIntrusion of conversatioaal
or TV sound and footstep or impact noise to
non-disturbing levela,

143 you are disturbed by the
transmission of only footstep or impact
noise from the roem above, the installation
of a soft thick carpet, preferably on a felt
or foam rubber pad on the floor above will
eliminate the problem in most cases.
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If both footatep und conversational or
TV nodse from the room ahove annoy you,
modifications to the existing celling must
be made to remedy the problem, A gypsum
board ceiling supported on  resilient
channels should be attached te the existing
celling. This second ceiling, which is
illustrated 1in Fig. 2-18 would be
constructed as follows:

(a) Actach wood furring members,
apaced 16" {40 cm) on centers to
the exiasting ceiling.

(b) Nail resilient metal chadnels
perpendicularly to the Ffurring
members; channela should be spaced
24" (60 em} apart.

{c) Fill space between the existing
ceiling and the chanpels with a
glass fiber blanket.

(d} Gypsum wallboard, 1/2" (13 mn)
thick should te faseened wich
self-tapping screws to the
resllient channels,




Pad
Carpet
Resilient metal channels

P

Existing oor-ceiling structure

5. Wood furring
G. Glass fiber pad
7. Gypsum ceiling board

Fig. 2.18. METHOD OF INCREASING THE AIRBORNE AND IMPACT SOUND INSULATION
OF AN EXISTING FLOOR-CEILING STRUCTURE

(e} Provide a 1/4" (6 mm) clearance
around the perimeter edge of the
wallboard ceillng te avedid contace
with tho walls, and £111 the pgap
with a resilient, non-setting
caulk,

This ceiling assembly &should mnot only
eliminace the airborne noise transmission,
but should make a substantianl reduction in
the Footatep noise level. However, 1F
additional reduction in foutseep noisc 1s
desired, then & carper and pad placed on the
floor mbhove will solve the problem.

CONTROL OF FLOOR SQUEAKING (Ser Fig. 2-19)

Squeaking  flnars cause consciderable
irrftation because they generally produce
high~pictched noises to which the person with
average  hearing 1s  highly sensitive,
Although the squeaking floor problem im more
commonly found 1n  homes of wood frame
conatruction, it occurs quite often in
apartment buildings with concrete floors
surfaced with wood block or strdip Elooring.

Cauges of Floor Squeaking:

In pgeneral, floor squeaks are caused by
the rubbing or sliding of secclons of
finished fleooring over the suhfloor,
Movement  between adjoining weood blocks,

52

strips or sections of both sub=floering and
finish floor alse cause squeaking. Thig
problem usually 1s the vesult of faulry
workmanship, the use of defective materials
or poor structural design, such as:

(a) poor nailing: The most frequent
caure of floor squeaking 1s the
failure to nall che sub apd finish
Elooring materials tighely and
securely  together and to  the
supporeing Joists ar struccural
flpor. This failuve results from
the use of undersize or improper
nails, excesslvely wide apaeing of
the nails and faulty nailing
practfces in general,

{b) defective materials: Another
cause of floor squeaking 1s the
use of warped or twisted £loar
joists, buckled or bowed subfloor
gheathing, oaor wood block or atrip

flooring with defective tongues
and grooves. When layers of such
materials are Ffastened together,
air-pocketa or gaps form between
them resulting {n poor support.
This allows the materisls to rock,
move or defleet causing  the
squeaking under foot.
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The fnstallation of  dry Elooring
in dapp areas often rvesules In
squeaking floors  huecause the
absorption of nmolscure by the
ficoring causes 1t fo swell or
buckl e, especially 1f no
allowances were minle far
expanslon.

{c} peor structural design: Al though
a  floor jolst system may  be
adequately designed in terms of
structural and load requirements,
it may deflect sufficiently under
foot traffic to permit movement of
the surface flooring; this
generally occurs when cither the
depth of the jolst Is too shallow
or the spacing between jJolstsg s
too wide for a given floor span.

{d} absence of a sheathing layer: For
reasons of economy, builderas no
longer adhere te the long-standing
practice of inserting a layer of
building paper betwoen the
sub=flooring  and the  finish
flooring. Thig omigsion 18 common
in current floor construction and
makes floor squeaking coaused by
rubbing and aliding contace
between the £loor surfaces a much
more serdeus problem iIn modern
housing.

Methods of Avolding Floer Squeaking iIn
New Conatructian:

The preblem of floor squeaking can be
avoided by wusing properly designed f£leor
structures, good quality materials, and
proper installation techmiques. WIith regard
to floors consisting of wood blocks laid in
mastic over wood or concrete subfloors, the
manufacturer's instructions should bhe
followed cleosely relative to the preparation
or priming of the subfloor, application of
the wmustle and che laying of the wood
blocke.

In general, Eloor sgueaking can be

minimized by observing the following
construction techniques.
(a) Use straight, true, properly

seasoned flooring waterlals and
Joists,

(b) Build a ripid well-constructed and
properly supported Floor system.

(¢) Maintzin proper molsture content
of flooring prior te installation.

(D

(e)

Insert building paper or felt
between Tinish and subflloer layers
to eliminate rubbing or sliding
contact.

Employ good anailing techolques,
witly emphasis on proper spacing
and angle.

Ways to Hemedy Existing Problems:

If

following

yau have [loers that squeak, the
recommendations  should help you

correct the problem,

(a)

(b)

(e)

(d)

{e}

To locate the problem, Thave
someone walk owver the squeaking
portion of the floor while you
examine the surface closely, If
you hold a  flashlight so that ics
beam grazes the floor gurface, 1t
1s quite casy to see the motion.

If you see ne motion on wood hlock
or strip flooring, the squeaking
nay be due to sllppage between the
tongues  and  grooves. Apply
mineral oil sparingly at the scams
between adjacent floorboards to
lubricate the tongues and greoves
where the slippage 1s  taking
plage,

Loose or bowed finish Elooring may
be securely fastened  to  sub-
flooring by surface nailing with
ring type or serrated nails into
the subfloor and preferably the
joists, Recess the nail heads and
f11] the hele with a wood sealer
that matches the fleor eolor, If
the npails tend to aplic the
flooring, predrilling a very fine
hole through the T[inish floor
before nailing will eliminate the
probhlem.

If the floor jeists are exposed,
and the finish flooring is warped,
you can drill clearance holes
through the subfloor and drive
wood serews through the holes into
the finish floor. The screws will
draw the two layers of floaring
tightly tosether.

In places where the joists are
warped or howed, gaps will occur
between the subfleoring and the
joists. Inseveing wedges or
shimming material tightly in the
gap uaually will remedy the
problem. If the gap is very long,
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a 2" x 4" hrace pressed up agoinst
the subfloor and nalled securely
to the warped Jeist will provide
adequate support,

Excessive  deflection of the
structural floor due Lo
lightweight or widely  spaced
Joists may be corrected by the
insertion of a few extra Jolsts,
if the under surface of the floor
is exposed. llowever, 1f there 1s
4  finished cedling below the
floor, cross=~ beaming with support
columns may be the most expedient
corrective measure.

CONTROL OF STAIR SQUEAKING (See Fig. 2-20)

As

In the case of floor squeaking, the

problen of stair aqueaking can be avoided by
using a4 properly designed structure, good
materinls,

quality building

and proper

constructien  technlques. As  you  will
notice, the causes and remedies of the
problem aldo arg similar to those associnted
with the problem of Tloor squeaking.

Stalr squeaking may be enused by

{a) loose or warped treads (the f£lat
wortzontal steps), or

(b)Y the binding and rubbing of cthe
treads against the top or hottom
vdges of the risers (the upright
or verrical boards}.

Rengdies:

(a) If the treads are loose, they
should be nafled securcly to the
center uand side asrringers (the
sow-tooth framework that supports
the stalrease).

NSRS

1. Trgad 1. Wood tcrewt
2. Ruer 8. 1asent thin waoden
3. Swinger weddyes
4. Tornal with ring 0, Apply mineal ol
mails a7 joiMs
&, Warped Ireads 10, Jsert wooden braces
G. Pravithr clearance holes 1. Heinfaorce with maetal bracket

Fig. 2220 TECHNIQUES FOR THE CONTROL OF STAIR SQUEAKING
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by 1i  the treads  are  warped,
Inserving wedges between the tread
and stringer usually will
eliminate the rocking motlon of
the tread whon Lb (s scepped on,
hreilling clearance holcs  through
the treads, where they  are
supported hy the stringer, and
driving long wond  screws  throogh
the holes Into the strinpers will

pull & warped cread down  tightly
anto the stringer,

{¢) Llubrlcating the top and bottom
edgesn of the risers with mineral

oll or sillcone spray ofren will
remedy the squodking problem,

(d} Sometimes nalling the frone edpe
of the tread ¢to the riser or
tnserting thin wedpges Ak the
bottom of the rviser will correet
the squeaking problem.

(e) If the hack of che scalrs ls
tccessible, the back edges of the
treads miy be niailed to the
risers. Additional bracing also
may be provided by fitring a 2" x
4" brace between the strlogers,
pressing £t up agalnst the bottom
edge of o riser and nailing [t
securcly to the stringers.

CONTRGQL oF HEATING, VENTILATING  AMD
AIR-CONDITIONING SYSTIM NOISE:

(In Basement, Attic and Central
Installations)

Closet

The noise  problem associacced wich
heating, ventilating and alr- condlcioning
syatems 1s due primarily to the curreat
trend of dinstalling, in  homesa anil
apartments, small compuct units driven by
woisy  high-speed, motor-coupled blowers.
The large return grilles, which usually are
coupled with short wunlined ducts to the
blower intake port and the open eorridors
that serve as centralized air-return ducts,
aggravate the problem.

The problem reaches serious proportlans
when, for economic reasons, such units are
installed in a closet centrally located in a
house or an apartment. The typlecal cloget
providea wvirtually no sound atrtenuation
because of i1its light-frame constructien,
leuvered deor, and large rerurn grille.
Thus the noise escapes wich undiminished

intensity and spreads throughout the home or
apartment,
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Homeowners  and  tenants alfke often
complain  that thelr sleep Ls soriously
digturbed  throughout the night because of

The aolse also Is a
constant source of  Irrdratlon and anneyance
to them cven durdng thelr leisure hours,
Howuvver, they have no cholce but to telerate
the nofse ar else suffer the discomfort of a
poorly heated or alv-conditioned dwelling,
H they turn off the equlpment,

the noisy chqulpment.

Causey of the Nolse

Oucdoors

(a) Compressor: The noisiest
component of modf air cand itiouning
systems Is the condensing systoem.
1t consists of a compressor, mator
and [an encased in a metal cabinet
that is usually installed outside
of the dwelling, AS 4 cOnRe=
quence, it frequently disturbs the
neighbors moere than the howme
ownur, especially if rhe neighbors
sleep in bedrooms with open
windows that overleok the com-
pressor unit.

most objectionable noisc 1s
the  cyelic  operation of the
compredsor, in  particular  the
low=pitehed starting groan of the
motor, hlade-frequency nelsc of
the fan and high-pitched flow
nofse  add to  the annoyance.
Occasionally, a slipping fan belt
will produce a hipgh=-pltched
screach, especlally as the uoit
starts up,

(b} The

(c) The reflectlon of the sound waves
hetween the walls of adjacent
houses builds up the naotse level.

Indoora

{n) Moctor and Blower: In a typical
inseallation, the high-speed motor
and  blower, which pgenerally are
ceupled together, are the main
gources of nolse. The mechanical
nolses of bearings, brushes and
switches and  the siren—-like
"blade-frequency” nolse of the
blower are ctranspicted throughout
the dwelling both by air through
the duct passages and by vibration
of the duectwork and aupporting
walls ar floor structures, The
"blade frequency" noise of che
blower may bhe determined by
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multiplying  dts speed (number  of
revolutlons per minute), by the
nunber of hlower blades and
dividing the product Ly A0,

(1) Noise Hosulting from  Alr Flow and
Turbulence: Vent{lation systems
using high=speed  blowers  are
characterized by high air-flow
velocitlcs, High  wveleciry alr
ilowing past obstacles In the duct
alr stream (sharp corners, ragged
Joints,  dampers  and  prilles)
penerates a conslderable amount of
turbulenco, However,  the highly
turbulent ailr flow cthat usually
nceurs  at the dischoarpe port  of
the blower  is ehe  predominant
cause of duct vibracion In most
ventilatlon syscems.

—
~
—

Rigid Mounting of cthe I-lqu[prqent:
In most Instiellations, the heacing
and  alr-conditdening cquipment 1s
mounted directly on the {loor wich
all ducts coupled directly to wall
and  fleor structures. As a
consequence, the wall and [loor
structures are ser Into vibration
and radinte  the nolse  with
Inereared Lntensity throughout che
dwelling.

(d} fentral Alr  Return  Duct: The
Inatallation of the eentral return
duct of o typical home size¢ unlt
haa two serious  shortcomings.
The return duct usually 15 coupled
to the blower by g shorc~ length,
unlined duct with = relatively
large cross-sectional arco. As 4
regult, the grille end of the duct
radlates the nalse from the
motor-blower and afr turbulence
with undiminished intensity.
Since there often arc no air
return ducts In  ipdividual ronms,
entrance doors are underccut
appreximately 1 dnch (2.5 em) at
the bottem to pravide passage of
the retutn air and thus complete
the eirculation. Unfertunately,
the large air gaps under the doors
are extremely efficlent flanking
nolse patha which allow the noise
to dintrude into bedreoom or ather
rooms Where privacy 18 most
degired.

If you are planmning te build a home,

insist that the builder installs both supply
and roatwrn ducts in all bedroom and study
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arcas  and selects quiet heating and alr
cond{tlonlng eanipment.  Egulpment should he
selected on the basis of Jow nolse output,
A low progressive manufacturers provlde
sound power ratings of  most types and slzes
of equipment  they market. Such  ratings,
which frequently contaln  sound power levels
In varfous frequency bands under different
load condiclons, ave useful for acoustical
design purposes. A few salient points worth
remepbering ares

(1} Tt s less expensive ta {install
quiet vdquipment than o reduce the
noise output of a cheaper unlt by
costly acoustical  treatment  or
construceion.

(2) Centrifugnl or squlrrel-cape fans
are  less polsy  than  wvancaxial
propeller fans, all other factors
being equal,

{3) for a gpglven alr flow capaclity,
large-dlaneter, slow-speed, bele-
deiven blowers are substantially
less nolsy than  smali-diamerer,
high-speed motor-coupled blowers,

{4)  Basement or glab=on-grade
locatlons, far removed from living
quarturs, are preferred for  the
typical  heatlng and  cooling
cquipment  lpstallatlons. Attic
locativns should be avolded.

(5) For purposes ¢f noise control,
install equipment that is designed
te mect the buflding's heating and
cooling requirements, Instead of
installing  smaller units which
must labor continuously at miximum
speed 1n order to  meet  the
butlding's minimal demands,

Although the above advice may be useful
to the nparential homebuilder, it
unfortunately offers ne comfort te the
tepants who  have a nolsy heating and
sir-conditioning system in their home or
apartment.

If  you have a noisy heatlng and
ventilation  gystem, check the following
possihle cavses of the nolse and respective
remedies.

Remedles: (sce Fig. 2-21)

Compresser:

(a) 1f necessary, raelocate
the condenser unit as far as
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Fig. 2221. TECHNICQUES FOR THE CONTROL OF NOISE FROM EXISTING ATTIC OR BASEMENT
INSTALLATIONS OF FURNACES AND AIR-CONDITIONING UNITS

(b)

(e)

pesaible from the bedroom
greas of yeur house and
those af your neighhbor's
house as well, An ideal
location for the installation
of condenser units would be
in the area between face-to-
face kitchens of adjacent
housea, especially if they
are of rambler-type or one
story construction.

Tnacall the condensing uvnit
resilient mounts, preferably
on a flat, lovel cancrete
slab that 1s at least 1 foot
{30 em) away from the
exterior wall of ths house.

Install rubher sleeves or
collars around all piping,
refrigerant Yines and
conduits at points of suppert
or penetration through the
exterior wall of cthe house,
to prevent the tronsmission
of compressor vibration to
the building astrucrure,

(d)

{e)

(£)

()
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Lubricate the bearings af the
cooling fan, clean the blades
and balance the uait. You
can balance the fan simply by
apinning it by hand anpd
marking the bortom blade when
it stops. If the same bhlade
stopa at the hottom following
two or three apins, acttach
dtrips of adhesive tape to
the opposite blade until
balance 13 restorcd.

Reduce blower speed, if
possible and clean
protective screen to ensure
adequare air {Jow., Tighten
and  align fan belrs and
pulleys.

Tighten loose parts or panels
to  prevent rattling or
vibrational resonance,

Install aound barriers

or partial enclosures around
the condensing unit ro shield
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or direct the noise away from
bedroom or other nolae
sensitive areas.

Motor and Blower:

(a)
()]

(c)

(d)

(e)

(£

Lubricate or ofl bearings.

Clean blower Dblades and
balance the unit as described
in item {d) above.

1f blower 1s belt driven,
replace worn or fraycd belts,
adjuse tepnsion on  belt to
prevent belt resopance or
"drumming'' and check pulley
alignaent .

Mount motor and blower on
resilient isolutors, if
pessible.

1f possible, reduce the
rotatiopnal speed of the
blower. A 25% reductlon may
decrease the total nolse
output as much as B dB,
However, consule with a
professienal heating and
air-conditioning engineer for
Proper advice and
instructions, especially if
rewlring of moter conpectiona
is required.

Inerall acoustical duct liner
on the interior surfaces of
the motor-blower encleosure.

Mounting of Equdipment:

(a)

Place vibration Iselators
under both the motoer-blower
and the heating and
air-conditiening  equipment.
sufficient isolation may be
abtained by mounting all the
equipment on a 5/8" (16 mm)
thick plywood base resting en
a 5/8" (16 mm) chick pad of
glass fiber.

A 2-1/2V (6 em) square, 5/8"
(16 mm} thick pad of ribbed
rubbar or neoprene cavered
with & hardboard or metal
plate placed under each
corner of the equipment would
also provide adequate
iselation.
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(h)

Ingert {lexible canvas or
plastlie coppectars at the
blower cnd af both the supply
and return ducts.

The above measures should reduce the

nedde ocutput
Central

(a)

(b}

significantly.
Return Alr Duct:

All ipterlor surfaces of the
return alr duct should be
treated with acoustical duct
lining, or

the duct should be ficced
with a suitable prefabricated
silencer,

Construction of Central Closet: (see

Fig. 2-22}
(a)

)

()

(d)

(e}

T TS b i o' et s e o

B R

Replace the lowvered door
with 0 solld core door
cquipped with a perimeter
rubber gasket and a threshold
drop closure.

Caution: The door leuvers
pravided the ventilatlon of
the closet for proper heating
and  combustion, It  is
necogsary chat the
ventilation be maintained by
other means. Sec next icem,

1f rhe wall studs are exposed
on the inside of the closet,
butld or 1install an acoust-
ically 1lined air transfer
grille between the studding,
as 1lluatrated in Fig., 4-12,

to preserve the  required
ventllation and noige
lsolation.

Nail regilient channels

horizontally to the srudding;
space channels 24" (AD cm)
apart; F1ll space betwveen the
channels and the backwell
with glass fibker blanket;
ateach 172" {13 mm) thick
gypsum  wallboard to the
channels with self tapping
acrews.

Install a ceiling of
construction similar to ltem
{¢) In the closet,

Apply acoustical tile fo both
ceiling and wall surfaces in

A P oy
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Fig. 2-22, TECHNIQUES FOR THE CONTROL OF NOISE FROM CLOSET-INSTALLED FURNACE
AND AIR-CONDITIONING UNITS

the claget to reduce noise creaking and snapping neise due te the
buildup. expansion and contreclivon of melal parcs are
caslly tramsmitted through the duces to all

CONTROL OF DUCT NOISE: (sce Figs. 2=-2] and areas of the house.

2-24)

If any of theae noises are a source of
Because metal ducts are  extremely annoyance, you can reduce the level of noise
efficient ctramsmission paths of airborpe output suhstancially by installing sound
noise and vibration, comsiderable attention absorhing lining material or o prefabricared
muse be given te the proper design, silencer in the ductwork. Such treatment 1s
construction and installation of duce most effective when It is installed In both
networks. supply and return branch ducts serving the

{ndividual reoms, and preferably near the
open or grille end of the duet, The
ingrallation of a ten-foot length of duct

Equipment Noise

Alrborne nolses such as mator hum, liner, as measured from the grille or
blower-blade noise, bearing or pulley neise, diffuser, may vreduce the loudness of the
Lurnace dgnition, flame noise, and the noise as much as 50% or 10 dB.

&0
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Fig. 2-23. METHODS OF REDUCING NCQISE DUE TO AIR FLOW AND VIBRATION IN DUCT SYSTEMS

Metal ducts act like apeaking tubes
a ship. Noise from one room may be carried
unlined duct

to anocher room

through an

serving both roems. For

in which the

grille

geparate rooms or apariment

closely apaced.

the rhirn walls

apartment, travel

passage through

from the thina-wall duct
apartment., Noise rransmission from one room

AL L e oMo AR A, b s e

not have

e¢xample,
problem of "Cross Talk" frequently occurs in
a4 commen return duct serving back-to-back
bathroom installations, or in common ducts
openings

witich span

apy grille

the ducts in

through the short duet
the party wall and
in the adjoining

serving
units are too
Such problems alse arise in
exposed, thin-wall main ducts
across adjacent apartment wnita, even though
such ducts might
cpenings., liousehold noises may penetrate

emerge
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to another may also occur by wiy of openings
and holes around poorly sealed duct
penetrations through waltl and floor
structures,

Such noige ctransmission paths by-pass
the sound Inpsulating effeceivencss of the
inrervening parcy wills  and floor
structures,

Noise transmitted through ducts, pipe
chases, elecerical channels, or other
passagea can be reduced aeffectively by
lining the dinside surfaces of such
pigsageways with sound absorbing materials,
In typical duct installations, it is
possible to obrain nolse reductiens for
high-piltched sounds of the order of 2 to 3
dB per linesr foaot f£for 1" (2.5 cm) chick
acoustical lining. {In metric wunits, the
reduction 1s abour 10 dB/m for an acoustical
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lining 2.5 em thick.)} A comparahle degree
of noise reduction for the  low=pitched
sounds 15 considerably more difficulr to
achieve becauvse it uwsually requires at least
a doubling of the thickness and/or length of
acoustical treatment. Various types of duct
lining and silencers are 1llustrated in Fig.
1-16.

are disturbed by noises from an
adjoining room or apartment that seem to be
toming through & ventilation grille or the
walls of the duct 1In your vroom, try onco or
more of the following remedies to nlleviate
the problem.

(a)

If you

Line the intervening duct tun with
acoustical material cor install a
sound silencer, preferably at the
wall junction.

i ) iy e st i d b ot i b e sk < 1k ARy T S S e T e S
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{b} Rcmove exlsting grille, seal
opening, and reinstpll grille in
the duct at a location as far as
possible from the parcy wall.

{(c) 5eal all openings where ducts
penetrate through the wall,

{d) 1f the noise is coming through the

duct wall enclese cthe duct in &
box made of gypsum wallboard.

Duct Noiseg

The creaking and snapping noises caused
by the expansion and contraction of ductwork
due te cemperature variation often are &
source of disturbance.

Likewlae the booming noise caused By
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the ballooning and collapsing of thin-wall
ductwork as the hlower eycles on and of f may
be loud enough to interfere with a persen's
sleap,

If you are troubled by noisy ducts, the
following measures may be useful in reducing
or controlling the noise:

{a) Support ducts on resilient mounts
ar hangers to prevent wall and
floor atructures from amplifying
the neise. The resilient mounting
will permit the ducts te expand
and contract without binding
against some wall or floar
constructian.

(b) Wrap the ductwork with two or
three layers of building paper
which wlll act nas a vibratien
damper. The paper may be taped In
place or held with wire ties.
This  treatment will rtend to
suppress any vibration ser up in
the duct walls and restrain the
"balleening” action of the duct hy
adding some much needed mass and
bracing to the flimsy duct work,

{c) Install 3/4" (19  mm) thick
glagg~fiber board sound absorbing
lining on the inside surfaces of
the ducts where "ballooning"
occcurs, The glasg-fiber board,
which is rigid enough tp support
the duct wallas, and to act as a
vibration damper, will also absorb
some of the nolses geperaced
within the duct system,

(d) Using sheet-mecal screws, install
braces made of metal bars or
folded strips of sheert metal
acrosa the largest or widest
sections of duetwork or at places
vherever "ballooning" occurs. The
braces will provide adequare
aupport of the duct walla and thus
prevent this type of motion.

Air Flow Noise

High veloeity air flow generates mnoise
not only within the ducts but at the face of
the outlet grille or diffuser as well. The
intensity of flow noise L5 strongly velocity
dependent, For a given duct area,
decreasing the flow wvelocity 50% may
decrease the cutput nolae level as much as
15 ro 24 dB.

Ay flow velocities of about 15 feet
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(4.5 m) per second are quite acceptahle for
most homes and apartments, However, to be
on the safe side, [low velocities in noise
sensitive areas should le lowered te about 8
or 9 feer {(2.5-3 m) per second.

The most expedient way of reducing atr
flow velocity 1% to decrease the rotatienal
speed of the blower, providing that It does
not fnterfere with the heating or cooling
cfficiency of the wystem.

Grille Hoise

Nolses generated within induction unita
or at the faces of outlet grilles or
diffusers sive rise to numerous complaints
from tenants. The intensicy and
chiaracteristics of sach noilse are dependent
upon the afr flow velpcity and the sfze and
design of the outlet units. For example,
high wvelocfty air striking the face of an
outlee grille often generates a high-pitch
whistling noise.

Removal of che prille 1s a simple
expedient test to determine the cause of
noise. If there is no appreciable reduction
in the noise output without the grille, the
noise may be due to turbulence within the
discharge duct or some orher source farther
back in the duct system. If there is a
marked reduceion in the neise cutput without
the grille, it d1s evident chat the grille
was 4t fault nand therefore  shouwld  be
replaced with one of better design, or the
air  flow speed  showld be reduced if
practicnble.

The following polnts  are worth
remembering when choosing outlet grilles and
diffusers for quiet operation,

(a) Grilles or diffusers which radiate
lictle noisc are made of
heavy-gage mecal with
widely~spaced streamlined
deflectors devedd of any sharp
corners or edges.

{(b) A low-spread air dJliffuser will
generate substantially less nelse
than # large spread unit, all
other factors being equal.

(c) CGrilles conatructed of wire mesh
or perforated mecal facings with
large openings are less noiay than
those with tightly woven or small
epenings which restriet the atr
flow.




Furnitce Combustion Noise

There are two types of nolse nssocinted
with furnace combustion thart sometlmes cauge
anpoyance . They are the maffled explosion
neise when the gas or ofl is ignited nnd the
very high=pitchod whistling noise caused by
high-veloeity gas flow threugh the fuel
nozzle or burner jets.

The most expedient way of dealing with
this problem Is to have a heating engincer
adjusr the fuel pressurc or Install nozzles
with proper openings for quiet operatlon.

If the furnace operation is scill too
naisy following such  adjustments, the
tnstallatfon of sound ahsorbing material in
the duectwork will  reduce the nolse to
acceptable levels.

Steam bHeat Noige

The hammerding and knocking neises din
steam plpes and vadiators may rtesult [rom
water belng trapped In the lines. This
frequently 4s caused by wvapor lack,
partially open valves, or lmproper drainage
of pipes and vadlarors.

1f you have nelsy radintors, you may
allevinte the problem by:

(a} Opening all valves completely te
allow trapped water fn the system
to drain back to the boller.

(b) Placing thin blocks or wedges
under the Jleps of the radiator
opposite the input end to incresse
the dralnage angle, and thus allow
any trapped water to drain away,

(c) Replacing faulty pressure release
valves.

(d) Inserting heat-resistant resilionc
material around the pipes ac
peints of suppert or penecrations
through walls or floor structures,
to eliminate the rubbing contact
and the resulting nolse caused by
the expansion and centraction of
the plpes.

Noise from Baseboard Hentinp Systems

Homeowners and apartment dwellers alike
frequently complain about the noisy
operation of basehoard heating saystems, in
particular the hot water heating system and
the electrical heating system.

i)

Hot Water Haseboard Heaters

Causes of Noise

(a)

(b}
(c)

The nofse produced by such heaters
generally ia caused by:

the expanston  and  contraction of
pipes, heater  components  and
hoesiog,

water flow and rturbulence, and

pump and motar vibration.

Remed les

{a)

(b)

lleaters and  associated  plping
generally creak at  Joints, con-
nections and points of support  or
contact with building structures
during expansion and contraction
due  to temperature varintion.
When  the  units are rigidly
connected to walls and floors,
these  gtructures behave  1ike
spunding boards and amplify the
noise, Therefore, in order fo
minimize this problem,
heat-registant reallfent slecves
or collars should be placed at all

pipe clanps, supports and
pepetratlons thraugh  wall and
floar structures. Similar

measures should be cvaken  to
igelate the heater unlts frem the
wallas and floars using
heat-resiatant resilient  spacers
andd leg mounts,

Reducing the cxpansion and
contraction noise of the heater
agaemhly {tself ls somewhat more
difficulr to achieve. Sometimes,
attaching  braces of folded
sheet-maral atrips tn rhe long
narrow panels of the heater
assenbly will suppress the noise
due to buckling and popping of the
panels during the heating cycle.

Securely fasten all loose panels
and hardware on the  heater
assembly to suppress buzzing and
rattling noises.

If the pipes tend to #ing &
high=-pitched tone, this i85 an
tndicatdon that there is
high-veloeity, turbulent £low in
the system, which generally 1is
cgused by using an oversize, high=-
speed punmp and undersize piping.

R



This problem can best be levels by o large wall which fs

alleviated  hy decruasing  the directly connected Lo the
rotiational speed of  the pump or resonatlng heater assembly.
replicing Jt with a  slow-specd Seructurally  isolaging the heater
model . [rom the floor and wall with
heat~rosistant, resilient spacers

(e} Puomps and drive motors should be and leg monnts should  reduce the

mounted on resilient pads  to noise output to acreeptable levels.

prevent vibratjional exclration of

the floaor, Attaching braces made of folded

sheet-metnl  strips to the long

Flexible hoses simllar to anto niatrow  panels  of the  heater
heater or radiator hoscs should he assembly will further suppress the
installed in i U=shaped low=plrehed hunmning nolse or
configuration between the pump and resonance ,

pipe  sYstem Lo Suppress the

transmission of pump vibration to (¢) 1If your thermostat {s excessively

nelsy, remove the cover plate to

the plpe system.
duetvrmine what type of unit wasg

Installing a surge tank 1In  the tnstalled, The noisy thermostats
system at the discharge end of the generally use bi-motal,
Flexible  hose wiil further electromagnetic= assisted contaer
suppress vibrations from  the pump elemints which operate off hiph or
and disslpate pulsation from the llne wvoltage. The  "Silent"
impeller. thermostats use  mercury-filled
tubes  as the contact elements and
a operate af L a low volrage supply.
¥ Elecerical Bascboard Heaters
_L: Copsult with your heating crgineer
ks Ciuges of Noise for advice regarding replacement
- or Interchange of such units.

;g (#) The major source of noise s the
‘-‘ expansion and contraction of the
i heater  assembly and component

There are a number of methods thac
may be used to reduce the clicking

parts and the amplifieation of the nofse of thermestats. However

noise by wall and floer structures
in direct contact wicth the heating
system.

Another source of anneyance is a

power must be shut off befege the
following methods can bhe tried.

(1) Remove the ecaver plate and
remove  the thermostat from

low frequency resenance of the the electrical box.
i heater assembly, which sounds )ike Refnastnll the unit  with
i the low-pirched hum of a rubber pgrommets or  other
! transformer, resilient mounts to isolate
i 1t from the box and wall
. (e} Some inatallations have individual structure. Replace the cover
i thermostat controls In each room. plate.
3 The clicking of a thermostar In
the still of the night can be (2) If additlonal noise reduction
extremely irritaring, particularly iy desired, wrap the outside
El if a person is trying to slieep. surfaces of the eleetrical
I3 hox with a thin layer of lead
I Remedies or metal-foil eape te damp
¥ the vibration. Place lead or
A {a) To alleviate the noise of tape on the back of the cover
i expansion and contraction of the plate,
% heater assembly, wuse the method
$ discussed above for hot water CONTROL OF PLUMBING NOISE
E heatera.
}r: Most lomeowners and apartment dwellers
2 (b} In a typical installacien, the readily admit that noise arising from the
e low-pitched humming nolse uge of plumbing facilities anywhere within
% genernlly is radiated ac amplified the home generally can be heard throughout
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the dwelling, and frequently  in adjacent
dwelling units as well, Probahly beeause of
thin characteristic invasion of a person's
privacy, plumbing noise ranks pot only as an
Irritacing disturbance but as the most
offensive nofac to which bhuilding eccupants
are expesed.

In any case, 1t is extremely diffieunlt
to {gnlate yourself from plumbing nofsc or
to prevent It from disturbing other
oceupints In the bhullding.

Causen of Plumbing Noise and
Methods of Control

Water pipes and fixrures are rather
ineffective noise radiators hecausc of their
emall radiating areas. The majer problem
arises when such sources are rigidly coupled
to large efficient nolse radiating surfaces
such a8 wall, ceiling and floor structures.
Such surfaces, acting as sounding beards,
radiate the noise at amplified levels,

Techniques for the reductieon and
contral of common types of plumbing noises
are glven bhelow. They are listed 1In
preferentinl order and should he combined
for greatest effectiveness.

isolotion of Plumbing System

Unfortunately, .most of the plumbing
system 1s dnstalled within the walls and is
thus Inaccessible to the home owner or
apartment dweller. He, therefore, is
somewhat restraipned In  ualng the most
effective meagure to remedy plumbing nofse
preblems, that is te vibration isolate the
piping from all large wall and floor sur-
faces whieh act as  sounding . boards.
However, he should make every attempr to
isolate exposed piping with bands or sleeves
of rubber, meoprene or glass fiber at all
peines of support, including pipe clamps,
astraps, and penctrations through wall and
fleor structures. If necessary, oversized
clampa should be used to accommedate che
thickness of the resilient sleeve.

Expansion and Contraction of Pipes

The expansion and contraction of pipes
produce a staccato-like series of creaking,
squeaking and snrapping noises which are
caused by the sliding or bhinding of the
pipes against studding or other supports.
Isolatipg the pipes from building scructures
as described above will alleviate the
problen,

A s
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Hoise from Turbulence and
High-velecity Water Flaw

Hiph water pressures wlcth resultant
high flow velncieies cause turbulence
particularly around bends, valves, taps and
connectors which wusually centain many sharp
edpes and  conpstrictions. The familiar
hissing nolse, that frequently ocecurs at
partially opened taps, is assoclfated with
turhulence, It has been suggested that this
nolse ts due to the combined actfon of
eddies and cnllapsing water vapor bubbles.

Although turbulent flow {1s considered
to be che chiel cause of plumbing neise, the
onset of cavitation in a plumbing system
will result in much higher noise levels.
Both conditifons may exisr simelcaneously,
especinlly  around constricrion dn high
pressure systems, Cavitation ls assoclated
with the collapse of vapor bubhles, which
are formed at the constricelon hy a critieal
comhination of high  wvelocity and low
pressure.

High  wvelocity flow In o plumbing
sysrem, due chiefly to undersized piping.
glves rise to turbulence which frequencly
generates excessive nolse, A noticeable
reduction  in noige level may be obtailned by
using proper size piping to lower the water
velocity. Flow velocities of the ovder of 6
ft/sec (2 m/sec) or less in domeatic systems
have been found to be quite acceptable,
Specificd flow capucity requirements can  be
met and # aubstantial reduction in nolse can
be obtained by using borh  pressure
repulators and larger diameter piping in the
plunmbing system,

High-pressure plumbing systems  are
inherently nolsy, dun to the resultant
turbulent flow gencrated within  such
gystems. The statle pressure of main
water-supply 1lines of buildfngs with chree
storlies or Jless should be regulated so that
it will not exceed 50 psi {345 kilopascala}.
The wiater pressure in branch lines serving
individual apartment units should not exceed
35 psl {24} Xkllepascals). In high-rise
structures where high-pressure mailn supply
lines are required, pressure reducers or
repulators should be used in supply branches
at vartous floors to maintain water preasure
within the above limics.

pPipe Hommering, Chattering and Vibration

The noisy hammering of a plumbing
system {s usually caused by rche sudden
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interruption of warer flow; for example, by
8 quick=-closing tap. The sharp pressure
build up at the point of interruption forms
a shock wave which reflects back and forch
in the system. The multiple veflections
produce a serles of hammer—-1like nolses which
pradunlly decrease in loudness as the energy
of the shock wiuve is dissipated. The sudden
release of pressure by a quick-opening valve
wiich discharges Into a secction of piping
with a narrow constriction, clbow or tee
connector also may cause hammering of the
plumbing system.

Harmmering can also occur when pipes arve
looaely aupported on V-shaped wire langers,
Water surges or pulsations in the pipes may
cause  them to bounce eor vibrate in the
hangers, or perhaps te swing and strike
against other parts of the  huilding.
Replace the wire hangers with pipe clamps.
Ingserting a rubber slecve around the pipe at
the clamp and fastening It sccurely to some
s0l1d structure will remedy the problem.

Defective, loose or worn valve stems,
faucet washers or seals give rise to Intense
chattering of the plumbing system. The
defeceive device frequently can be
pinpoinced without difficulty, since
imedlate use of the deviee causes the
vibrarfion which generally occurs at some low
flow wveloclty setting and diminishes or
disappears at o higher flow setting., For
example, 1f wvibratien oOCCUrs when a
particulor faucet or tap is epened partially
and diminishes when it 1s fully opened, the
faucet more than likely has some loose or
defective parts.

Pipe wvibratien frequencly is caused by
motor driven pumps which, by virtue of rigid
mechanical coupling, cransfer thelir
vibrational energy to the piping system.
Noises due to sguch sources are easily
recopnized, since they consist moatly of
pure tones associnted wirh the rotational
speed of the pumps or motors. The current
trend toward using minfarurized, high-speed,
shaft-coupled motor pumps has iIntensified
tliis problem.

The above pipe npise problems generally
can be alleviated by using flexible
connectors and air chambers in the piping
system and by replacing worn or defective
valves and faucet washers, Pitted valve and
wisher seats also should be refinished or
replaced.

Flexible connectors should be used in
coupling supply and drain pipes to vibrating
applisnces such as pumps, garbage disposcrs,
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clothes and  dishwashers, Since such
appliances frequently  have  electrically
cperatad shut=off valves, alr ehambers or
other  shoek absarbing devices should  be
tnsealled in gapply mnd  draln lines to
prevent  water hammering of  the  plumbing
aystem,  The alr pockets, rubber Inscerts or
spring  elements In such devices act as
shock-ahsorhing cuslifons.

Nofise from Draining and Deipplng Water

The draining of water Erom hath  tubs,
basins and toilets produces gurgling noelses
which frequently are more annoylog than
those asgociated with the {illing of such
units, The noise preblem {s Intensified
when  vertleal dradn systems do not  run
directly to the busement, but branch off
tnto horizontal pipe runs which wsually are
supparted from {loor joists. Falling water
striking the lhorizontal piping aets the
drain system into vibration which in turn is
transmitted to the building struccure.

The noise of aplashing of water such as
that associated with filling a bath tub can
be Lrvicating. Attaching o long resilient
hose to the faueer which will rteach the
bottom of the tuh Ls an effective way of
eliminatineg this noise problem. In the case
where the noise of a dvipping faucer 1s a
source of annoyance in the stilP of the
nighet, as a temporary solution, actaching a
string or draping a wash cloth from the
faucet will channel the water drops to the
drain without nnise. Of course, replacing
the worn washer senl would bhe a more
permanent solution.

Noise Nue to Entrapped Adr in Pipes

A relatively commen noilse problem that
is generally confined to newly constructed
buildings {s caused by entrapped pockets of
air in the plumbing svatems. The combined
action of water pressure and compression of
the air pockets may produce Intensc noise
and  vibration disteurbances which are
characterized by explosive bursts, spewing
and spitting of water and air from open
faucets or taps and hammering or knocking of
the piping aystem. Such problems scldom are
a source of complaints, unless they persist
for extended periods. Generally speaking,
the problem eventually corrects 1itself by
gradual release of the entrapped air through
continued use of the plumbing services.

HOW_T0 DESIGHN A QUIET PLUMBING SYSTIM

If you are plapning to build a home
with a quiet plumbing saystem, you must
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incorporate the following design elements in (b) Use ;3 Simple Plumbing lavout:
the carly stages of your bullding plan,
A well desipned plumbing  system
(a)  VMibratfon Isolate all Plumbing with o minfmun of  fittings aml

Sysiems: (see Flgs,  2-25 ami bends Is  substancially less nolsy
2-20) than a complicated Tayout, Preper

dlze fittings and large-radius
A typleal modern home or aparcment ¢lbows or bends should he ysed for
may  have three separate piping quict performance.  Large dlameter
systems;  the hot and cold witer piping should be used For all maln
supply system,  the drafnapge and supply  lines. Separate  branch
ventIng system, and  the  hydronic Hneg of smaller Jdiameter should
plping  system, which Includues b fnstalled  ro serve  each
afr-condittoning, and steam and individual area where required,
het water heating systems.,  One of
the wost el fective solutlons  to {e)  1nutall Pipes Away from
pipe nolse problems Ls to keep the Buivt Areas:
pipe  lsolated  with resilivnt " "
sleeves and  hangers feom hullding Pipes stould not be Installed In
structures with Iarge radiacving any  walls enclosing  bedroons,
surfaces such as walls, ceilings living veems, studivs or other
and  floors. Pipes ip bulldings rooms  where privacy and  quiet
bebave Like tuning rorks using surroundfngs are essential. For
such struceures as soundlog beards example, in order  to provent the
to amplify the notse levels, transmiss lon of nolse Into bedroom
Cap Entrapped Air

- Compressed By Glass Wool Blanket
Water Level Water Pressure Stud Or Between Studs
Cylinder Joist Staggered-Stud
Or Pipe - - Dry Qr Plaster
« Wall
S install 1n Each Cover Plate
Water Pipe Long Run Of Piping Rubber p
! 4, —Gasket
T} 5 e e e

L R Rt
p—

™ Rubber Sleeve &
Gasket

Air Lock
ok ¢ ,A‘ Jui
F‘{‘I":;}\,]rv};cl)z?lr i - Bosebeard
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Dead Bd,
i Air Chamber . “Sub Floor
s 2x86 Split Base

Plate

<

|

- Wire Hanger
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"\
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e
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e
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Fig. 2.25, TECHNIQUES FOR CONTROLLING NOISE IN PLUMBING SYSTEMS
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arens, supply and drain plpes
should not be installed ln walls
saparating bathreoms and hedroems,
Piping should bhe inatalled in
partition walls which separate
adjacent  hathrocom or kitchen
arens. Supply and drain pipes
must be dsolated trom internal
studding or wall surfaces.

(d} Inscall Quiet Fixtures:

Siphon=jet tollet and flush ftank
fixtures with adjustable flow
valves are considerably less noisy
thapn conventiopal medels. Taps
and  faucets using Ffull-ported
nozzles and equipped with
anti-splash or aeratlon devices
produce litele molse.

{e) Inscall Bathroom Fixeures on
Regilient Bases and Mounta:
(See Figs. 2-27 and 2-18}

T
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Fig. 2-26. METHODS OF INSTALLING PIPES FOR QUIET OPERATION

Rath tuhs, rtoflets and shower
stalls should be aet con under-
layments of cork, rubber, neoprene
ar ather vesilient materials or
installed on Ffloating flvors to
reduce the transmission of nolse
due to falling water., Likewise,
the fixtures should be wvihratfon
tsalated from supporting walls by

means of resilient gaskets, Such
mounting  precautiens should be
observed with respect to
installation of wash basins and

faucet flxtures as well,

Seal Adr leaks Arvound Pise

Penetrationg:

To prevent noise leaks, seal all
apenings around pipe penctrations
through wall and fleoer structures

with a non-setting waterproof
caulking compound. Party wnlls
berween  bathrooms should be
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Fig. 2.27. PROPER INSTALLATION OF BATH TUBS AND WASH BASINS
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Fip. 2-28. PROPER INSTALLATION OF A TOILET FOR QUIET OPERATION
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completely finished to the floor
level on both sfdes, particularly
in back-to~back tub and/or shower

installations. Fallure to surface
the walls behind tubs resules  dIn
serious noise transmission
problems. Likewise, hoth
subflooring and finish fleoring in
buthroom areas should be
completely finished before tubs

and shower sralls are dnstalled.

(g) Encloge Large Pipes:
Large diameter pipes in  high
pressure systems frequentcly
radiate considerable noise,

eapecially when they are exposed.
Such pipes should be bhoxed In

gypsutt  board enelosures, pre-
ferably lined with acoustical
materinl, An alternate, though

sonewhat less effective, techntique
is to enclose the pipes in thick
glass fiber Jackets with heavy
impervious outer coverings of
plastic or leaded-vinyl materials.
It has been suggested cthat the
glass fiber jackers should have a
density of abour 6 1bfeu Ec (96
kg/m”) and a thickness of at least
3 4inches {8 em). The impervious
covering should2 weigh at least 1
1b/sgq fr (5 kg/m).

CONTROL OF NOISE FROM RAIN GUTTERS AND
SPOUTS

An irritating source of noise,
particularly in the still of the night, is
the turbulent flow of rainwater fn gutters
and downspouts during a storm, and the
incessant dripping and plunking of the water
after the storm is over. Rigid attachment
of the downspouts or drain pilpes ro the
axterinr walle of hedroom arear 1a the ehief
cause of the problem. The interior surfaces
of the walls, which perform as sounding
boards, tend to reinforce or amplify the
drain pipe noise. The following measurea
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should be used to minimlze disturbance from
such noise,

a.  Avald fnstalling vertlcal
drainplpes outsride of  bedroom
areas.

b, Structurally isolate vertical
drains from the bullding by

rubber or neoprene
areund  the
alamped

inserting soft
sleeves or collars
drainpipes where they are
to the wall,

c. Heplace the conventional mecal
elbow at the hase of the drainpipe
with a soft rubher boot or plastic

hose.
d, When replacing existing rain
guttors, gelect  units made of

heavy page metal, with rtounded
corners, and coated with vihration
damping material.

Refer to Fig, 2-29 for proper installacion
of rain gutters and vertical drainpipes.

Fig. 2.28, METHODS OF CONTROLLING NOISE FROM
RAIN GUTTERS AND DOWNSPOUTS

A Rubber Sleeve

B Drain Pipa

C PipeClamp

D  Rubber Boot

E  Sewer Drain
SPETPRTRRTRRTWRTIRTE TARIPe FIT Ry

[ R



3
3
§

L g

s T

H

H

7
%
2
b}
5

Fitpuiadiin s i

CHAPTER 3

HOW TO INSULATE YOUR HOME AGAINST OUTDOOR NOTISE

As we know from experience, residentinl
areas that formerly were quiet and penceful
in time become engulfed by highly disturbing
sources of noise. Changes 1n =zoning
ordinonces ofcen permit development of noisy
industeial parks or shopping cencers on the
outskirts of residential areas. Ordinary
highways eventually hecome hipgh-speed noisy
expressways whieh invade the peace and
tranquiliey of quiet communitles and
suburban areas that often are encireled or
flanked by tle roadway. 1In some cases,
loczl neighborhood noise caused by traffie,
lawn mowers, chain saws, barking dogs, or
perhaps children at play may be cthe most
disturbing problem, In other caases, noise
from community swimming pools, playgrounds,
athletic flelds, amusement parks or aport
arenas may be the major source of anneyance,
The outdoor noise levels generated in
neighborhood environments by the various
gources ¢lted ahove might be described as
baing in the moderate to high level range,
ar roughly 70 to 95 dB.

However, the greatest number of noise
complaints come from home owners and apart-
ment occupants living In resldential areas
near airports. The development of medium
jet airports into internatienal airports
handling much larger and noisier aircraft
has resulted in more seriaus noise problems
affecting much larger communities and
populated areas. The expansion of amall
private ailrports to handle the new breed of
small business jet airecraft has created
gimilar nedse problems in small, formerly
qulet communities.

Alrecraft noise levels at the location
of the home or apartment site will wvary
depending chiefly vn fts discance from the
airport or flight path, and type and
altitude of aircraft, In any event,
dwellings near large airports or directly
under flight patha may be &8ubjected to
rather intense levels of noise ranging from
90 to 110 dB or more.

We will discuss firast che steps for
improving the sound dinsulation of houses in
moderately noisy neighborhood environments,
and deal separately with the mere difficult
problem relative to aircraft noise intrusion
at the end of thie section.

Generally speaking, most single-fomily
houses are an assemblage of light-frame
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interior partitions enclosed and supported
by a light=frame exterior shell. If this
shell woere  contdnuous and formed  an
atr-tight seal around the enclosed space, {t
would provide at best a linired amount of
aound insulation. Such construction
typically has a seund transmission class
rating of about STC 30-35. However, this
shell wusually contains scveral windows and
dooys, With chelr custemary air and noise
leaks, the windows and doors may reduce the
STC rating of the exterior ahell of the
house to a value as low as 5TC 20. However,
there are ways of preventing this reduction,
and of improving the scund insulation ef the
house,

Reducing the Intrusion of Neighborhood Noise

If you have a home In a noisy
neighborhood and are disturbed by che
intrusion of outdoor noise, the following
recommendations may slleviate the problem.

(1) The ff{rat rule of thumb is to
install a central heating and air
condirjoning system in the house.
This will eliminate the need to
open  windows and doors for
ventilation purposes and thus make
1t easier to reduce the intrusion
of outdoer noise.

(2) FExiscing windows should be caulked
or equipped with gaskets to
provide an alr—-tight seal.

(3) 1If tha noise aource is
high-pitched and very directional,
instnll storm windows with caulk
or gasket seals on the side of the
house facing cthe source. It is
still more beneficial to install
storm windows, properly sealed, on
nll existing windows, This will
provide additional insulation
sgainst low-pitched noise as well
as noise approaching from other
directions.

(4) Exterior doors should be provided
with aoft resilient gaskets and
threshold seals. This applies to
sliding doors as well.

(5) 1Install storm deors equipped with
resilient pgaskets and threshold
sealg, Sliding doors also should
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be provided with storm doors. The (3) Line perdmeter surfaces between
use of storm doors, windows and the existing windows and storm
weather stripping will also windows wich acoustic tile or
congerve energy by rveducing  air sound abserbent lining.
leakage and making {t casler ro
maintcain canstant indoor (4) lReplace existing hollow-core
temperatures. entrance doore with selld-core,
soundproof doors  provided with
(6) Seal or caulk all openings or perimeter paskets aml cthresheld
penctrations through walls seals {see Fig. 2-7).
particularly around water or gas
pipes, electrical cables, and (3) 1f iantruding tvaffic noise
refrigerant 1ines. digturbs your s!eap and your bed-
room faces the roadway, choosing
(7} Cover mail slots in doors; install a bedroom which is located on the
hinged cover plates on elothes opposite side of the house may
dryer heut wvents, bathroom and reduce the level of intruding
kitchen exhaust ducta, and central noige about 10 dB. Seclecting a
vacuum  system  dust  discharpe bedroom on the side of the house,
chutes. if possible, that is partinlly
shielded from the nolse source
Adoption of the above measures would alould reduce the level of the
impreve the sound insulation of the exterior intruding noisc abour 6 dB,
ghell of the house about 6 db for
low-pitched seund and more than 10 dB for (6) Install a barrier wall or fence

high-pitched sounds; these measures would
reduce the loudness of the intruding noise
by about 25 to 30 percent, respectively.

Reducing the Intrusion of Traffic Noise

Homes or apartments of conventional
construction that are located very near to
heavily traveled roadways or expressways arc

bhetween  your houwse  and  the
roadway. To be effective, the
fence should have a  selid,
concinuous surface without any
openings or holes. The fence
should be relatively long and tall
enoupgh to shield, or hide, the
entire roadwey when viewed from
the nearest side of the house.
Such a barrfer 1Is most effective

particularly vulnerable toe the intruslon of

excessively high levels of neise. Since the 1n  reducing the  level aof

soundproofing of existing dwellings may be high-frequency soundd that travel

costly and impractical, the occupants should in a beam-like manner, Its
elfeceivencss for nttspuating

chooge those solutlons which provide cthe
most noise reduction at least coamt, In
addition to the recommendations described
above, the homeowner should incorporate, on
a step=by-step basis, the following noise

low-frequency sounds 1s limited by
the ease with which such sounds
diffract or bend around & barrier.
At best, only a 5 to 10 db
reduction of the total sound level

control measures, until the noise has been
reduced to a tolerable level. can  he expected, but the
attenuarion of the high=Irequency
1 tal sounds miy result  d4n an
(1) In existing windows, install glass appreciable reduction in

panes of double thickness on the
side of the dwelling facling the
nolse source,

(2) Install storm windows over the
same windows, Select atorm
windows having glass panes mounted
or encased in rubber gaskets.

anpnoyance. Rlnce the acoystieal
efficiency of such a barrier may
not be improved by massive
copstruction, 1t may as well be
made of relatively light material,
such as l-inch (2.5 cm) thick
bonrds.

Reducing the Intrusdon of Alrcraft Noise

Brlef intrusions of high-level sounds

are amopg the moar troublesome ro remedy. A
recent atudy of aircraft f£lyover noise
showed that reports of annoyance tended to
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Inerease by a factor of only two when the
flyover rate Encreased by a factor of eight.
Read optimistileally, this means thac 1f vou
can talerate one Intrusion, you probably can
tolerate two. From the standpoint of an
acowsticnl engineer who must gquiet an
airport area, and the community that must
live wicthin the area, the situation must be
viewed pessimistically. HReducing the number
of landings and depavtures per hour to
one-half their original number may leave a
large number of delayed and disgruntled
passengere Iin remote airports that they did
not wish to see, but still produce only an
insignificant dent d4n the number of
complainta from the residents. {For a
housgeholder, this statistic 1  also
important, If you must operate a noisy
tool, even though wvery hriefly, 1t is
important to try to atop the neise at the
gource. Otherwise, you may find yourself
the reeipient of 3 number of complaints
despite the limited duratton of the noise
involved.) Moreover, gome studies have
shown that people do not become accustomed
to noise intrusion a#s time goes on, but
remain intolerant.

If you are one of many home owmers who
now find themaelves constantly exposed to
intense and highly disturhing uircrafe
noise, you should consgider carefully the
following four basic fagts before you decide
on any course of action to resolve the
problem,

(1} The cost of eoundpreofing an
existing home agalnkt intense
asircraft noise is exceedingly
high.

(2) Although eoundproofing your home
will reduce your anpoyance
indoors, 1t does nothing to
improve the neilse environment
outside the home. Therefore 1f
you aenjoy gardening, patio parcies
or backyard barbecups, you will
have to tolerate the aircraft
noise as bhefore.

(3) The probability is rather low of
gaining noticeable relief from the
nolse in the near future through
the development of quiater
gircraft or changes 1in aircrafe
landing or takeoff flight
procedures, In fact, the noisae
environment near a large airport
generally tends to grow worse in
time, with the continuing
expansion In aircraft size and
flight operationa.
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(4y The most effective solution may be
to move to a more qulet area, even
chough {1t mIght entail sgome
financial loss in the sale ar
rental of your home.

The tollowing is a discussion of the
various sound insulating modiflcations that
may be used to reduce the intrusion of
intense aireraft noise Into the home.
Flgures 3-1 chrough 3-11 dllustrate the
structural details of such medifications.

Major Sound Insulating Modifications:

{a} Incorporate the noise-vreduction
recommendatlions given above
relative to reduclng the intrusien
of neighborhood and traffic nolse.

(b} Windows

Windows  are the weakest
acoustical barrier in the exterior
shell or walls of most homes.

Grdinary locked, double-hung
wiadows genrpally provide an
average noilse reduction of about
18 dB; the addition of a storm
window, as d1llustrated 1n Fig.
5-1, will dncrease the sound
insulation to abour 24  dB.
Caulking of both sets cf windows
improves the aound insulation
about 3 4R at the higher
frequencies. lewever, 1f  the
aircraft nolse still seems to be
coming through the windows,
despite the fact that they were
equipped with storm windows and
sealed air cighc, then the
existing window inmstallatien will
have te be replaced with fixed,
well-sealed, double pane windowa
throughout the houswe,

As illustrated In Figs. 3-2
and 3-3, the window insctallation
then would consist of two 1/4=inch
(6 mm) thick panes of glasa, each
encased in & U-shaped wsofr,
resilient gasket with a 4-inch (10
em) air space between panes. Line
perimeter surfaces within the
framing with acoustie ctile or
other sound absorbent material.

This double~window
installacion when properly sealed
would increase the sound

insulatien to approximately 37 dE.
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Caulk Any Open Joints

\\\ \_!:/’ /\ Around Frame
2 NIRE l
\ ] \.\ T"’"—_"\’j
\ : Storm Sush Instlled With
Head ~— L$ A Be:mgﬂ%ﬁg:gace
\ "
/ "
\ ; \\MI;’\Xi
Jamb /l
\\ |
sill

Fig. 3-1. DETAILS OF A DOUBLE-HUNG WINDOW WITH A STORM SASH
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4
N
N

4" airspace between glazing

4" Air Space Setwern Glazing

174" gloss installed with neograne Hew)
/ “'LI" gaskat of glazing compound

e

1/4* Glows in Neoprene Gasket

Gasketing ar weather strip to
clase joints arourc) bath windaws

i s Edge Gasket
Atourd Sash

3/18" Diameter Vent Hales
(2 par Sash] With Glas

Brick or concrate block veneer
Filer Plug

installid utiide existing wall

Silk

Step B+ 10" Glasy in Separate
Sash Adaed 10 Form 4° Air space
Berween the Two Windows

¥ Fipg. 3-2. INSTALLAT!ON OF BRICK VENEER AND DOUALE Fig. 33, DETAILS OF DOUBLE W4INCH WINDOW GLAZING

4 14-INGH WINDOW GLAZING

o (c} Exterior Deors

If the remaining noisc now
seems to be coming through the
doors, temove the moulding from
the door frame to see if there are
any air gaps or noise leaks
between the door frame and the
wall. The conventional practice
of dinstalling prefabricated door
kits, in which the doora are
premounted  in a danr~frame
assembly, often causes serious
sound cransmisgion problems.
Builders generally provide an
oversized opening to receive tha
preagsenbled door and fasten the
assembly inte place with a few
wedges and nails, and completely
ignore any vesulting air gaps or
leaks. These are convenlently
covered and hidden from wview by
the thin finish moulding.
However, such leaks must be sealed
if any improvement in sound
insulation is to be expected, and
certainly before any existing
A doors are equipped with gaskets or
‘} replaced with soundproof doeors.

/ §-34" Soh ~ Lors Doat

Starm Dour

Insiall gashel of wealheiblig
It €tasa jointy on ai bujed
#ound bolh doors

i
K
5
Iy
h
g
i
4
h
:’-:‘
}

il

Fiy. 3-4, DOOR MRPIFICATIONS
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(d)

Replace existing deors with
1-3/4  dneh (4.5  em) thick
solid-core doors with sofe,
regilient, perimeter gaskets and
threshold seals. Install storm
doors with 1/4~inch {6 mm} thick
glass and weather stripping. It
is  eatimated that the neise
reduction provided by this
combination of doors would  he
about 20 dB greater than that of a
conventional exterior door.,
Detnils of these modifications are
{1lustrated in Figs, 3-4 and 3-5,

Exterior Walls

Generally apeaking, exterior
walls constructed of  poured
concrece, c¢inder block, brick or
other masenry materials provide
sufficlent sound insulation
against aircruft nolge, 1f all
penecracions theough the walls
have been properly treated and
aealed.  For example, ventilation
ducts and exhaust vents must be
lined wlth  sound ahsorbent
miterinl or cquipped with sound

silencers; holes around
penetrations of gns or water
pipes, electrical condoits and

refrigerant lines muat be sealed
ajrtight with & resilient,
non-setting  caulking cenpound.
Settlement cracks in the walls or
gaps around the framing of windows
and doors should be cavlked or
sealed in the same manner,

Na  structural charges or
modifications should be made to
the exterior walls untll you are
sure  that the 1woise 1s not
entering the house cthrough the
basement, crawl space or attic
areas,

Exterior walls of light-frame
censtruction generally conalst of
waood studding faced on the inside
with pgypsum board and on the
outside with insvulatdion board and

woed, metal or stucco siding.
Such walls are inherently
incapable of providing adequate
sound insulation against

moderately high levels of noise,
much less against the intense
levals of aireraft naise
intrusion. Such walls would have
to be capped on the outside with a
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B o= 1-3¢4" thick sului - core duar

A1 begd and jambie ~ st closind.

cell potywethane loam compression
yaiket of interleching clulb-hid
werathir $10443 (9 close jaints arsuod
bath doars

Fig.
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| —— Atdouble dows, install renliern
e ¥y OF Neojrme gashels

At theeshold, wstal) either
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35, PETAILS OF DOOA MODIFICATIONS

4-inch (10 em) thick wall of brick
veneer before the aircraft neise
could be reduced to a tolerable
level inside the house, as
illustrated in Flg, 3-2. Figure
-6 {1luscrates the details and
sound insvlating efferciveness of
other window=wall constructions.

Koef and Ceiling Modificacions
(ace Figs, 3=7, 3-8, 3-9 and 3-10)

Ventilated attic space

If the attic {s to be used as
a walk-in storage area, install
subtlooring on top of the cefling
joists and cover with 5/8«inch (16
mm) thick gypsum board. Tape and
seal rthe edges and joints of the
gypsum board layer. Otherwise,
the gypsum board may be installed
directly on top of tke ceiling
Joists.

Install a metal duce vent
attenuator, as illustrated in Fig.
3-11, at all air-circuletion vents
in the attic. All other openings
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Movable Windows
Casement or Doubla Hung

174" Platw

/8" Glass
Glass

Siding

Felt or Ruhber
Perim. Gaskels

Fixed Windows

1/4° Plate
Glass

716" 3 Ply 1/32% Plate
Laminated Glass
Glass :
Perim,
Felt or Rubber Acoustic
Perim. Gaskets Lining

Resil,
Chananet

Window: Poor Fair

Good Very Good

Wall: Poor Fair

Good Very Good

Fig. 3-6. SOUND INSULATION EFFECTIVENESS OF VARIOUS WINDOW-WALL ASSEMBLIES

or ecracks should be gealed with
glass fiber wadding and resilient
caullk.

Plank and beam wvaulted ceiling or
Flat voef

Attach wood furring or
preferably metal regilient
channels to the existing celling,
With aself-tapplng screws, fasten
5/B-inch (16 mm) thick gypsum
board to the furring or metal
channels, Tape ond finish Joints
and edges of the gypsum board in
the conventional manner.

(f) Hapement Arcas

Caulk or weatherstrip
exioting windows and install storm
windows.

Weatherstrip existing hinged
or sliding doors and install storm
doora.

(g) Crawl Spaces (see Fig. 3-11)

Install a metal duct vent
attenuator with 1l-inch (2.5 cm}
thick glugs £iber Lliner at all
air-eirculation vents. Seal all
other openings or cracks with
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glass fiber packing and resilient
caulk.

Install 5/8B~inch {16 mm)
thick exterior plyveod or
molsture-proofed gypsum board to
the underside of the floor jolsts.

Vadated
Atne Space

= F

/':
;

A

N

g
7

)

i

/
R

/
/

i
N

T

7

Deubile -hung
Wiaiow

Ny

Fuwplace

Y

Cran! Spuce — /‘ik

Fig. 3-7, HOUSE WITH A CRAWL, SPACE AND VERTILATED ATTIC



Sliding Window
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Casement " |f
Window
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Pack apen joints in wall and
roof construction with fibrous
materlal and seal with a non=

hardening cautking compound.

Flg. 3-8, HOUSE WITH A BASEMENT AND PLANK AND BEAM ROOF
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Replace mail slot in
door or wall with
surface-mounted

'?_-5;' Wt Il . Stiding glass door — add
;38 second door with 8"
R minimum air space
™~ between, and gasket
- .+ edges with drag strip

Fig. 3-3, HOUSE WITH SLAB ON GRADE AND A FLAT ROOF
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Install new ceiling of 5/8°
gypsum board at bottom of
roof rafters

1/ A—Plank and Beam Roof

Lay 5/8" gypsum board over
ceiling joist and tape all joints

/ (For alternative treatment,
ses Case C)

B—Ventilated Attic Space

e s Install new ceiling of &/8"
T LT T eIt § gypsum board on 1" x 3"
- e furring below existing
T e ceiling
o
C—Flat Roof

Fip. 3-10. ROOF AND CEILING MODIFICATIONS
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Install 1/2° thick exterior plywood
or moisture-prooled gypsum hoard
to underside of joists

*+————— Vent to crawl space

A—Added Floar Construction

!
")
L

- ' - Install sound attenuator tightly to

inside of screened openings.
/ Sea isometric detail

CHasn )y

3

-

B=Vent Attenuators

Galvanized steel duct fulty lined
with 1" thick glass fiber duct liner
in proportions shown

Fig. 3-11, CRAWL SPACE MODIFICATIONS

83

it

At b it Ll i T it T X VOO IEY s TET SN SRS JEr R R I P S PO ST




CHAPTER 4

SELECTING A QUIET HOME OR APARTMENT
(or how to avald making the same mistnke twice)

If you are planning to move Lo a new lome respective £light patterns and air
ar apartment and desire more peace and routes relative to the proposed
privacy than you have at present, the bullding site. Such charts may be
following recommendations can help determine obtained frem local airport
how quiet it will be, However, you should authoricies or the Alrcrafc Owners
be careful to consider all factors before and Pilot Assoctiaclon, Washington,
making your move, be cause the desivability . C. 20014,
of living in a quiet community may be offset
by seme disadvantages, For axample, it might Sites pear large commercial,
cake you ctwice as long to drive ro work or international or military airports
mid-city atvtractions from the new location should be avolded if possible.
than it does from your present one. Res{dentinl buildings directly in
line with prescribed runways,
1. SELECTING A QUIET RESTDENTIAL AREA take-off and landing patterns or
fl1ght paths would have to be
{a) Obtain Maps of the Area located at least 15, and
preferably 20 miles (24 to 32 km)
Obtaoin a recent edition of a away from cthe alrport before the
detatled map of the area that you neise from jet alreraft fly-overs
propege to live 1in and study it would be velatively unnoticeable
carefully for the location of to the occupants, (See Fig, 6-1.)
major aources of noisa. Look,
particularly, for such major nolse Near an airport, bur off to the
. producers as alrports, railroads, side of the runways, bulldings
4 expressways, and induserial areas, would need to be o lateral
i distance of sbout 3 to 4 miles (5
Alrpores: If possible pget a to & km) from the flight path
sectional aeronautical chart of before cthe noise would drop to a
5 the area to determine the lecation tolerable level atr the building
of all airperts and thelr location,

15 Miles—S f——l -——S G158 Mies -

.
o . é

3 Miles

/(Flith. Path s ¥

Fig. 41. TO AVOID AIRCRAFT NOISE DISTURBANCE, SELECT HOMES OR APARTMENTS OUTSIDE SHADED AREA
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(b}

(c)

(d)

Railronds, Expresswavs and Indus-
frial Areas: 1f  annoyance  or
disturbance from these excessively
noisy sources 1s to to be avolded,
resldential  buildings should Dbe
located at a distance of at least
one mlle and preferably twe miles
(1.6 to 3.2 km) from the sources.

Check With City Ponimg or Planning

Authorities

Consult with local cdey or county
planning  autharitics regarding
future development plans For Cthe
area. As a result of future
rezoning actlon, quiet residential
areas frequently are bordered by
industrisl parks or huge slopping
malls, Although such bukiness
centera by themselves may not
cause any annoyance, the noise
from the {incrensing flov of
antomebile traffic and shipments
by heavy trucks to apd from the
areas, easpeclally at nadpghe, may
becoma a major source of
disturbance for yoeu.

Consult With City or County frans-
portation Authorities

Such asthorities should be
consulted relative to the status
and locacion of existing and
proposed expressways, mass transip

aystems and  changes 1in aireraf:
flight patha, procedures and
operation,

Conduct An On~Site Examipation

Conduct several on-flte
examlnations of the area during
daylight and espeeially after

midnight to asesesa the outdoor
noise environment. Be especially
alert for the location of fire and
police stations, achools and
athletic fields, hoapitals, sport
arenas, tace tracks, shopping
centers and  amusement  parks,
Although ordinarily these civie
centers and activities may be
considered seccendary sources of
notse, they could well become,
depending on ctheir proximity te
your location, the major source of
noise and disturbance for you.

86

{e) Consult With Residents Living In
The Area

I oftep pays to talk to people
living In the area cto determine
whether or aet they are disturbed
by nolse, vspecially ac nighe,

2. SELECTING A {JUIET LOCATION WITHIN A
HOUSTNG  OR APARTMENT DEVELOPMENT

0f course the firsr thing that you
should de {is to select and dinspece an
apariment development that  advertises
"soundproof” wall and floor constructian,
quier, efflcfent central airvconditioning
systems and Fully carpeted interiors,
including entrance foyers, corriders and

hallways.

In addition, ir is important to choose
an apartment that has a ventilation sysrem
with air supply and rerurn branch ducta
soerving Individual rooms, and well-fltted,
solid-core doors wlech perimeter paskets and
threshold seals installed in bedroom areas.
Such  construcelon  and  furnishings are
prerequisites for ensurling a quiet
envirenment and adequate privacy within a

dwelling  wnit, as well o mindmizing the
intrusion of nelse from neighboring
apirement  units or other arecas 1in the
building.

If possible., avold choosing a home or
an apartment wunit that has only a single
air-return grille or duct to serve the
entire dwelling area. In order to complete
the eirculation, entrance  doors to
individual rooms must be updercut about 1
inch (2.5 em) at cthe bottom to provide an
alr pgap for passage of the return air.
Regrettably, such air gaps also create a
geries of flanking paths throughout the
dwelling, which virenally nullify any sound
insulation tlat parcltion walis and doors
separating rooms could previde. 1€, in
additien, the return grille is undersized,
the air-flow velocity at the Face of the
grille must he made fairly high in order to

maintain  adequate ventilation. This,
unfortunately, may generate & considerable
amount of  high-pirched noise. A3 a

congequence, the occupants of such dwellings
frequently complain not only about the lack
of privacy, bhut alse of Interference to
sleep caused by the grille noise intruding
inte the bedroom atea.

A parricularly serious problem that
occurs in apartment buildings 1is

often
a wventilation system in which a

caused by
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common  alr return is Installed in the
corridor outside the dwelling wnits, The
entrance doerways of all apartment units
must then be undercut to permit the venting
of the reeurn air. Obviously, the privacy
between adjacent apaortments fs seriously
breached In such cases.

The only remedy the tenant himself has
is to close the gap at the hottom of cach
door in his dwelllng with a threshold plate
cquipped wich a tubular gasket. He must
then indrall in the wall or ceiling of cach
room an aceustically lined air-transfer duct
to vent the air into the adjacent hall or
corridor, Both  door thresholds  and
adr-cransfer ducts are commercially
available, Technigues for scaling door
thresholds and installing air-transfer ducts
are discussed in Chapter 2 and {llustrated
in Flgures 2-7 and 2-12, respectively.

Although the intpusion of cutdoor noilse
is  prevalent in  dwellings in urban
locations, 1t can eccur In dwellings dn
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Avoid building sites at infersec-

tions of major tralfic arferigs.

Such sites are oxtremely noisy

due to accelerating, daecelerating,

and kiraking vehicles.

Buildting sites in open areas are
less noisy than sites in congested
building areas,

Avoid hollows or depressicns.
They are generally noisier than
flat open land,

supposedly quict
While an

areas.

{lyover ar a
disturbance
arise from

unit,

intrusion
you, glve
or well-scaled windows
Feature double-pane
glngle
protected by well-fitted
provide an adequate
of inzulatlon agalost such

fixed

thermally insulated or
construction,

windows
windows
degrec

The Intrusion of
minimlzed
following

also  would

evaen

suburban  and
occasional  Jet
passing
in such areas,

Bulldings with

outdootr faolse

the building sice.

(a)

WIND DRECTION g "+

Avold building sites that front on
maln traffic
routes.
nelse may be a

annoyance, as 1lluscrated in Fig,
4=2,

arteries
Early morning

Avaoid building sites on the crests
of hilly traffic arteries.  Such
sites are very noisy due to low
e uccnlernliun noise,

Tratfic arteries  between  (all
buildings are quite noisy. Avoid
buitding sites opposite tall build:
ings in such cases.

iy

Upwind building site is less noisy
than a downwind site,

Fig. 42, EXAMPLES OF APARTMENT SITES THAT SHOULD BE AVOIDED
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oven  Taral

truck may cause some
many problems
a neighhor's alr conditioning
barking dogs or bird calls,
of such nois¢e 1is bethersome to
preference to buildings that have
that

further by observing
suggestions relatlve to selecting

source
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A thick growih o lealy trecs
& wnderbrush reduces naise
about 6 ta 7 db/10D fy,

loveragu aver audible freq. High Freq. Faduetion 3-4 uly
ronge}
Law Freq, Loss; 3-4 dby . .
" X Singlv row of trees is worih-
High Froq. Loss: 10-12 db less as maise barrier. Due to

interreflection multirows of
trees are mors elfective.

"High
Fren.
v“'

‘-2.;__ " Low Freq.
‘9 i “a rnrrg;
Qa 'Y ‘,J ' Road Cutor -}trrr’

Embunkmenl

Noisa Barriers

Fig. 43, ACOUSTICAL SHIELDING PROVIDED BY LANDSCAPE AND NATURAL AND

MAN-MADE BARRIERS
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{h) Select buildipg sites that face
wlde open spaces such as parks,
golf courses, rivers, lakes and
seasheres. Such areas usually are
very qulet, especially at nighe,

(¢) Cheoose a bullding site that Is
located as far as pousible or Is
agoustically shielded from a major
source of noise by other
buildings, natural landscaping or
wooded arcas, as 1llustrated in
Figa. 4=1 and 4-4,

SELECTEING A QUIET APARTMERT UNIT WITHIN

“TIE BUILDING

Unless the bhuilding wmanager can
demonstrate that the apartment units
will provide an adequate degree of
insulation against the 4intrusion aof
nodse frowm ocher aveas within the
building and noise of outdoor origin,
the renter should take the following
precautlonary measures to onsure
freedom from such disturbances.

{a) Select apartment units that are
remote frem clevators, mechanleal
equipment rooms, lLaundry rooms,
indoov garages, or roof-mounted
ventilation  equipment, such as
chiller pumps, Ccompressors  or
¢tooling towers. Rarely are such
powerful noise sources properly
enclosed in gound-insulating
structures or vibration~isolated
from the bullding structure. As a

conseaquence, dwelling units
adjoining such sources may  be
sub jected to intermiteenc
round=the-cloek intrusion of
excasslvely high noise levels,
These dwellings can  readily
develop into an  acoustically

intolerable environment.

{b) Apartments that overlook parking
lots, thoroughfares or through
streets, playgrounds and swimming
peols may be noisy during parts of
the =~ day unless cavefully sealed
against noise. Nolses caused by
autemobile operation such as
starting of engines and door
slamming, particularly during the
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ecarly merning hours, can be a
source of aonoyance.  Likewise,
the voices or shauting of children
at play chroughout the day and
evendng may be Jisecurbing. If
possible, give preference to an
apartment undt on  the quiot side
of the bulldlng; that is, one
which faces away frem such nolse
saurces,

(e} Consdder the surrovndings of
apasrtments  that  face  U-shaped
courtynrds. Such areas tend to be
reverberant and can  be noeisy,
pavticularly if they are used as
recreation or play arcas or face
miin highways or traffic arteries,

NOT THIS THIS

LCIRT

£r o i
L ‘:I—m L KT **fu':aﬂ'—n
=

Gl

Pond Heller

Fig. 44, ORIENTATION OF APARTMENT BU|LDINGS FOR
QPTIMUM ACOUST|CAL SHIELDING
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CHAPTER

5

A TROUBLE-SHOOTING GUIDL

ANALYZENG THE PROBLEM:

If you are faced with a noilse problem,
examine 1t fiest in terms of the three hasic
elements:  soupce, path, and  pecelver. We
have discussed these elements In Chapter 3.
Obviously, the ideal solution is to reduce
the neise ouwtput of the source, itself,
since this will bencfit both the operator of
the noisy equipment and hystanders or other
people in the vicinicy.

1f attempts to reduce the nolse output
of the source lave proved only marginally
successful, it may be feasible to alcer the
transmission path so thac less nolse reaches
the lisrepcr. Acoustical absorbers and
nolse barrieras may be used to attenuate the
nolse before 1t can reach nolse-scensicive
areas, Unfortunately, such measures do not
provide much relief for the operator eof the
noisy equipment, whe usually 1s Immersed in
the direct noise field from the machine.
His only remedy 1ls to wear ear protectors,
and to  minimize the duracion of each
exposure to noise,

Suppose you find yourself the unwilling
recelver, In the firsr place, do not risk
your hearing unnecessarily while walting
hopefully for somethipg te hbe done. The
most  imporfant action is to determing
whether the noise can be hazardous to
your hearing. This you can do simply by
using your eara, and making a few observa-
tiong., Follow this simple rule of thumb; IF
THE NOISE LEVEL IN YOUR SURROUNDINGS 18 SO
HIGH THAT YOU HAVE TO SHOUT TO CONVERSE
WITH A PERSON NEARBY, CONTINUED DAILY
EXPOSURE AT THIS LEVEL FOR MANY HOURS MIGHT
ENDANGER YOUR HEARING. However, to be op the
gafe side, a closer estimacte of the noise
level in che area is required. You can
estimate the noise level from the limiting
disrances over wiich intelligible conversa-
tioen is possible, and the vocal effort
required to maintain it.

Figure 35-1 shows the empirieal
relationship that has been found between the
distance owver which gpoken words can be
recognized and the typical sound level of
the environment, as one would read it on a
sound level meter using the A-weighting
scale. As an example of the use of the
graph fn Figure 5-1: Suppose you are talklng
to & person at a customary distance of about
5 Feat (1.5 wmY} from him. Tf you can carry

A B! Y i

= e
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on your copversatien - with no  unusual
effore to hear him or no feeling chat  you
need to ralse your voice to a higher lewvel
-- then dt's llkely that the sound level
dops not exceed 67 dE{A) where you are
standing [point (1), Fip. 5-1]. Suppose now
you are at a iilvely cocktail party which
gradvally becomns so noisy that  you have to
ralse your volee to converse and have
trouble understanding your nefghbor [ethis
conditlon 1s at point (2)] == the noise
level at this locatfon would bhe
approxdimately 75 dB{A).

If by chance you were to find yourself
in an industrinl plant so0 noisy that you
must shout to be upderstopd at a distance of
5 feet {1.5 m), {poinc (3)] =-- the noise
level would be about 90 dfi{A}. The current
nacional standard on  occupational nolae
restricte an employee's exposure to 90 dB(A)
as an eight hour time-welghted average.
From your own experience Yyou can judge the
advantages  of maintaining  environmental
nolae below this level,

To use Fig, 5-1 as & gulde for
estinating the level of noilse in any indoor
or outdoor environment, start a conversation
at a normal wvolce level with a companion,
and then back away, Arrange to signal to
one another the moment you feel that extra
effort 1s Involved, either in speaking or
listening. At thias point, 1f both of you
have normal bipaural hearing, the diatance
between you can be noted on the horizontal
scale of the graph. From the solid line on
the graph you can read off the cffecrive
A-welghted sound level in decibels along the
vertical scale. This chart applies to tests
conducted in a fairly crecoverberant Spacej
uvuly & very long echo time, as [ound Inn
large convention hall or church, will lead
you to overestimate the sound level by
compelling you to override the echoes of
your own voice,

To trouble-~shoot noise problems 1in the
homa, first listen carefully to the nolae
for distinctive clues or characteristics
that might identify the cause or suurce of
nolse, I1f the gource is well known te you,
you can recognize how the tronsmission has
alrered ics sound where you are, and thus
can tell whether 1t is reaching you by alr
or through the structure. Airborne sounds
wsually arrive wicth their high-pitched
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componente intact; srructure-borne gfounds
are Likely to seem muffled,

Some noiae problems are relatively easy
to recopnize, easpecinlly if both the source
and the nelse transmission path are obvious
=~ ag in the case of a dishwasher which
pperates in the kitchen but transmits much
noise through the afr nearby and sends
vibrarions along the plumbing system to
other areas of rhe house, Howaver, most
nois¢ problems are much more subtle and
exasperating to cope with becanse of the
difficulty in  determining -- let alone
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locating =~ the noise source or its deminant
transmiszsion paths. Such  prollems are
particularly difficult In large high-rise
apartment buildings, 1in which the noises

gencrated by the pumerous types of
cquipment, appliances, and ccoupant
activities occur simul taneously. They

copbine and blend, and thus camouflage the
offending sources.

If noise intrudes into your living
quarters from an adjacent apartment, or
perhaps from one reom to another within your
own dwelling, cthe following steps should
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help you to analyze amd to  alleviate the
problem.

HOW TO LOOK FOI NOTSE LEAKS:

In a high percentage of cases, the main
cause of nolse transmisslon problems within
homes or apartments, or boetween adpacent
dwelling units, 1s an  afrborne  sound
cransmias{on path or leal, Look For hales,
cracks or opeplngs avound pipe and  duct
penetracions, plumbing fixturcs, ventilation
grilles, hack=to-back cabiners, and doots.
carefully examine the cefling edges and
corners of walls for cracks cavsed by
building settlement.  Even halrline cracks
will permit passage of a conslderable ameunt
of noise,

For problems lnvelving the intrusion of
outside noise, check the effectiveness of
gaskets or weather-stripping atound  the
windows and exterlor doors. llowever, the
places that mest Erequently are overlooked,
but are sources of agerjous mnolse leakape,
are concealed behind the thin molding chat
frames doorways and windows, In
conventional building practices the openings
cut for the installation of pre-assembled
door and window units are much larger than
need be. These openings, which rarely are
adequately scaled for acouwutical or thermal
pPUTpPOSEs, present a direct ralse
cranamission  path. Sometimes, air sapaces
between door jambs and the wood door-staps
which hold the gaskets, by-pass the gaskets
and thus cause the noise leaks. 1In other
cases, large holea in exterior cinder block
walls may be hidden from view by thin vencer
paneling. Altheugh a visual examination of
a room should be conducced to detect the
mere obvious neise leaks, it can not be
fully relied upon to locate those hidden
from view.

USE YOUR EARS:

When wused properly, your ears are
highly versatlle Instrumenta. Not only can
they identify nolase sources, but they can
locate noise leaks and trace tranamissien
paths, as well.

If you have trouble detecting a noise
leak, cupping your hands and placing them
behdnd  your  ears  will  dpercaze  the
aenaitivity of yowr ears and enhance your
gense of sound lecalization. If, with your
hands cupped behind your ears, you turn your
head from side to saide, you should find
yourself able to locate more precisely che
direction from which the sound or noise is
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copning. High-frequency sounds, which tend
to ke propagated {n & beam, can be located
enther casily this way, 1f the sound 1s
very high=pirched, sealing one ear wlgh your
hond or  Einper tip and listening with the
other ear as you turp your head may eaable
you to "home in" on the sound much more
rapldly. Apy path along which the nolse
grows louder will usually lead you to the
atea where the nolse enters the room.

Having locaced the polat of entry, yon
need  next fo determine how the nolsce enters
the room. Is it trapsmitted chroupgh an alr
leak such as a crack, hole or an opening In
a wall, or by structural vibration of
building components such as a4 wall, or by
both? One way of making this determination
is te conduct a "talk test" with a companion
located on the crher side of the wall, If
the sound of hils velce comes through the
wall loud and clear, 1t 1s quite evident
that there 18 & serious ailr leak In the
wall. On the other hand, 1F you can hear
him talking but the sound is garbled and you
cannot undergtand what he 1s  saylng, the
sound most probatly is being tranamitted
structurally chrough the wall. The
high-frequency sounds of speech, such as
tlhiose characterizing the consonants which
make speech intelligible, do not pass
readily through wall or floor structures.

Another test permits you to cstimate
whether noise 1s belng transmitted through a
wall by way of afr leaks or by way of
structural vilration. DPlug one of your cars
with your fingertip and press the opposite
ear tightly against the wall, Compare the
loudness of the scund you hear while your
ear 1s sealed apainet the wall with what you
hear ag you withdraw your ear from the wall.
If the sound you hear with your ear pressed
against the wall is looder, the scund 1s
most likely travelling a atructural path
through the wall. MNowever, if the sound 1s
no softer when you withdraw your ear, the
gound {s probably reaching yeu through an
aly leak.

USE NOME APPLIANCES AS DIAGNOSTIC TOOLS:

Generally  speaking, the  task of
resolving & nolse problem often requires
devices for Eenerating sounds apnd vibrations
of relatively high intensicies.
Fortunately, the average household contains
a number of rather common appliances that
can be used for such purposes., For example,
vacuunm cleaners equipped with rug beaters or
power drills wlith deill hits placed slightly
nff=center are excellent sources of airhorne
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sound and wvibratian. Transistor radlos,
electric shavers and food hlenders are
convenient sources of mid-frequency sounds.

Toy whistles and alarm clocks may he
uspd  for the genceration of high—-frequency
sounds. Golf balls and walking canes can be
uged to  pgenerate falrly repeatable fmpace
type nafse when dropped from a copstant
hetght., The nolse and vibratlon generated
by all these sources cover a useful rapge af
the fErequency spectrum with an  adequate
intensity level for mosc Lpvestigatlons,

With the noise sources at hand, you now
need a few simple nolse-lenk detuvctors and
vibration sensors. Several devices that can
perform these functions alse can be found in
most housebolds. Appliances such as flash-
lights, hand mirrars, hairdryers, vacoum
cleaners with crevice tonl attachments, long
thin knife blades, and oven atrips of rhin
stiff paper can be uged quite effectively to
locate simple noise leaks even without the
nailsée source.

If you suspect noise leakage through a
partition wall, ctry the fellowing test,
With a long thin knife blade or a strip of
thin flat sheet metal, probe nlopg the base
of the wnll and try to ingert the bhlade
under the wall. If you find places where
the blade penctrates a few inches under the
wall, it d1a highly prohable that noise
leakage occurs ar these locatlons. Mark the
locations and repeat the test on the other
gide of the wall, Similar penereacion of
the knife blade would be a  pesitive
indication of noise leakage, most likely
caused by eilther warped flooring or wall
base-plates. To elimipate such nolse leaks
you could remove the base board molding on
both sides of the wall and lay a continuous
bead of resilient type caulk between the
bottom edge of the wall and the floor, on
each =sride, The molding may be reinstalled
over the caulking.

Sometimes you can find a noilse leak
simply by looking for a light leak. Ask a
companion with a £lashlight to direct a
bright beam of ldipht along the edges of the
wall, while you lpok for light leakage in a
darkened room on the other sjde. A small
hand mirror will be useful for looking into
remote corners ot otherwise inaccessible
places. Detection of any light leakage
aignifies noise leakage. You might want to
judge for yourself the effectiveness of this
particular test. This can beat be done at
night. Cloae the door of a brightly 1lit
room, such a8 & bathroom, nand look at the
door from an area in total darkness on the
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If your door is Installed in a
typical manner, you might be surprised to
see It framed in a coronn aor hale of lighe.
The lighc coming throwgh the edges of the
closed door traces o path that sounds can
cravel Just as vasily. This demopstrates
guite clearly why many bathroons provide so
liecle privacy. llewever, the absence of a
Light leak is not neccessarily a sfgn of an
effective acoustiecal seal, because sounds
can travel along complicated paths and
corners much too abrupt for light beams.

other side.

A teat particularly  useful for
deteetion aof ilr and noise leakage around
windows and door frames 1s to use A

hand~held halr dryer or a wvacuum cleaner

with a leng narrow crevice tool ficted at
the end of the hose. While your companion
aims the air stream or suction at places

where you suspect nolse Leaks, you explore
for drafts on the opposite side of the wall,
Wetting your hand or fingers will increase
your sensitivity to the direction from which
the draft 1s coming.

Another test o determine whether
window or deor gaskets are sealing properly,
invelves opening the unit, insercing a strip
of paper against the gasket and closing the
unit. If the paper is held tightly or you
feel a noticeable amount of resistance as
you try to withdraw 1t, the gasket 18
fupctioning properly at that polnt. This
tesgt Mmust be tepeared ot fncervals along the
entire length of gasketing to decermine the
overall performance of the gasket, However,
sound leaks that oceur 1in double-door or
double=window installations with two or more
seta of gaskets may not always he detected
by this method,

A more reliable test 1A to operate a
noigy device such as 8 vacuum cleaner or a
power drill in the offending room and listen
on the other side of the parcitiop wall for
any noise leskage. Although you can use
your ears to locate the noise leaks, you can
make the Job much easier by using a sound
probe or detector. A very useful deviee is
a stethoscope. The child's toy sold in gome
"educational kits" 1s quite adequate for
this purpese. An arm's length of geft
plastic or surgical tubing, one end of which
con be inserted in your ear, will work
nearly as well, 1In a pinch, you can use 4
cordboard tube. The center pube from a roll
of wall paper or a mailing tube of about
that diamecer is ahout the right aize to
accomodate one ear, and is long enough to
allow you to move about freely while you
search for the noise leaks, With a small
lump of caulking compound, medeling clay, or



2 e TN L e S L it e e

A

AEL T AR Aty

ETY Y

LB

T

e Lt bR e L0 b it bR Bt e o)

putty at hand, you can make temporary seals
of any Jeaks as you find them. This will
make it ensier to locate the majer or
dominant leaks that must be sealed Dbefare
any appreciable reduction of the intruding
nolgse ean bhe  expocted.  This principle
applies to the vradiation of podge from
vibrating surfaces as well.

At times, the nolse problem may Invelve
the transmissfon of beth airborne and
structurgborne soupd through a building
conseruction. In such cases, You have to
determine which path is dominant before you
cdn proceed Lo the pext step with any hope
of success. Remember that your car, when
pressed tightly against a vibrating surface,
is a2 sepsirive detector of  vibratien
covering a failrly broad range of
frequencies. Your finger tips are a
sensitive  detector of low=-frequency
vibration, when held lightly against a
vibrating surface. fHowever, because of {ts
sensitivity and flexlbility, the stethoscope
18 even hetter sulited for detecting
structural vibration and sound leaks. As
you probe aroupd the edges of a wall or door
with a stethoscope, a noriceable increase in
the noise level will signify a noise leak at
that locacion. If you fafil to find any
leaks, press your stethoscope against the
wall at several places. A subataptial
increase in the noise level upon cantact
with the wall surface will indicate that the
noise d1s coming through the wall as
structural vibration.

If there 1s no appreciable increase in
the nolse level, af detected by the
stethoscope, and the intruding nolse {13
still noticenble, then you have te examine
other surfaces of the room. It may be
popaible that the noise is entering.thas room
through the c¢piling or the floor. The
aurface having the largest vibrating aves or
undergoing the most intense vibrational
motion must he guieted before the reducrion
of noise from any other vibrating surfaces
will have any significant cffect.

A ugeful thing to remember while
gearching for sound leaks 4s that gsound
generally cravelg through a wall as easily
from one directien as from the opposite one.

IR B
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Since the sound path 15 reversible it may be
copvenient co interchange the poritions of
the nalse source and the observer in dealing
with nofse intrusion prahlems.

If outdoor nolse Is entering your room
through a4 lenk In the oxterior wall, it is
sometimes easler to lacate the leak by
makIng nolse inside the room, and detecting
that nelse  on the outside. This
arrangement, of  cpurse, causes less
digturbance In  your neightborhood. Whether
the noise source should be placed indoors or
outdeors will depend on the background noise
levels in each location at the time of the
Investigation. The rule of chumb is to
place the listener or investigater in the
logaclon with the lower background nolse
level, which generally, but not always, lis
indeors. Im such cases, power mowers, chaln
saws, or motorcycles running at fast idle
make excellent outdoer nolse sources. For
safety, such machinery should not be left
running wnactended.

Quite often, the manner iIn which a
listencr describes an irritating noige
problem and the way it affecrs him might
reveal the probable causes of the problem
and ways of alleviating ft. Table 7-1 pives
4 capsular description of some of the more
common noise  problems, their probable
causes, and the acoustical measures needed
to rectify chem,

Table 5=2 outlines, in  order of
importance, the strategies and techniques
that one could use in resolving a nolae
problem. The table also glves an estimare
of the amount of nolse reductlion that one
can expect frem cach technique, This order
is chosen because noise from the major
gource must be attenuated before reduction
of noise from subaidiary sources will have
any appreciable effect.

For  your counvendence in solving
specific noise problems, we have compiled in
Table 5-3, at the ent of this chapter, an
alphabetized catalog of common noise
sources, practical remedies, and references
te other chapters {n the Guide where more
technicenl background information on noise
abatement and control is presented.



TANLE 5-1

COMMON NOISE COMPLAINTS, LIKELY CAUSES AND SOLUTIONS

LComplaint

A "This room 1
noksy"

B. "It is diflicult
to concentrate"

€. "lt's scuffy and
vppressive In
here"

D. "You can hear
volces, but chey
are unintellig-
ible"

E., "I hear whiscling
noise"

Probable Causey

Noisy appliances, ventila-
tian system

Room s excessively ro-
vaerberant; LE the sound of
a person's bandelap per-
sists longer than a sccond,
the room requires acoustic
treatment.

Outdonr nofse [(ntrusion

tf conversatlen at an ordl—
nary dlstance of 3-5 [

(1-1.5 m} is difficule, the
amblent nolsce level is tog

hiigh [greater than 70 dB(AY].

Excesslve noise may he due
to ciaudges described above,

TE there Is adequate vonti-
lation, the room Is5 acous-
tically "dead." Thera Ls
too much absorption, {.c.,
excessive drapery, rugs and
pads and upholstered
furniture.

The sound transmission
through & parcition or
ductwork, and ventilacion
noise {n the mid=frequency
range,

High-pltched scund ugually
i1s generated by ventilators
and grilles; worn or defec-
tive washers, and valve
scals {n plumbing, heating
and refrigerant systems,
lligh-velocity gas Elow
thirough fumace burner lets
or nozzles causes simllar
nolses.
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Reduce nolse output of sourced  {n-
stall vibration mounts; Isolate source
in sound-insulacing enclosure,  Ven-
tilatlon neise: reduce blower speed;
1ustall acouscic lining and €lexible
connectors in ductes,

Inscall sound absorbling materials,
¢.g., carpecs and pads, drapery, up-
holgtered furniture, acoustical cell-
lng, Toral surface area of absorbent
material should be at least one-fourch
of total room surface area.

Install gaskets around existing win-
dows and doors; Install storm windowa
and doors; replace hollow core or
pimeled entrance doors with solid core
doors.

If the remedies outlined above do not
alleviare the problem, install a pre-
fabricated, sound-insulated enginecer's
booth or fleld office enclosure.

Remove at least 50% of all sound ab-
sorbent material such as drapery, .
thick carpet and padding; or replace

existing furnishings wich lighter- !
velpght material, :

Caulk or seal all visible cracks at
ceiling and flioor edges of party wall.
Remove cover places of all electrical
outlets in party walls to cheek for
back-to-back installacion; in such
cases pack cavicies with glass fiber
wadding and seal with a resilient
caulk. If additional seund attenua-
tion 1s required, acoustical modifica~
tion of the party wall may be
necessary (see text).

Set dampers at most quiet setting;
place ear at grille, il nolse is loud-
er remove grille, If noise vanishes
with grille removed, reduce blower
speed or inatall now grille with
larger and more streamlined openings
and deflectors. Reduce pressuve in
plumbing system and isclate pipes and
valves from gupporting wall and floor
structures with resilient sleeves or
collars. Replace worn or defective
faucet washers or valve seals,
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Complaint

F. "1 hear my

neighbor'

g TV

and sterea"

G. "Footstep nolses
Erom the apartment
above annoy me"

. %m_ :‘::ri-yﬁ"ﬁ:.‘ T AR L Wbttt ==

TABLE 5=1 (Conc'd)
I'rabable Causes

Acaustically-weak partition
wall due to inadequate con-
struction, noise leakage

through cracks at [loor and
ceiling edges or through

back-to-back electrical out-
lets. Nelghbor'a TV set may
be too clese to party wall,

Rlgid, light=frame construc-
tlon of [loor assembly;
solid cenerete f£loor slab
covered with tile; lack of
carpeting and padding.

Remedles

Use snme methods as in D abova,
Suggest that neighbur place resilient
pads under his TV and sterco sets and
relocate them awsy {rom the party
wall,

Suggest that carpet and padding be
Installed on the floor above, Lf
additionnl footstep isclation is de-
alred, test bhoth ceiling and the
walls in your room with a stethescope
to determine which 1s radiating most
nolse. Tf nolse radiatien From cefl-
ing {s greator, instazll a gypsum
board ceiling mountad on resilient
hangers, place fiber glass blanker in
void becween cellings, In some
cases, wall paneling mounted on re-
silient furring merbhers may be re-
quired in addition,
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TABLE 5-2

GENERAL NOISE ABATEMENT TECHNIQUES (Arranged in Ordev of Effectivenuss)

Procedure

Break up
resonances.

Reduce flow
velocity to half.

Break pure tones
into random spec-
trum, game power.

Reduce dominant
frequency by a
factor of two, as
by halving fan
speed,

Reduce radiating
surface area by a
factor of two,

Increase mass of
sound barrier by
a factor of two,

Double distance
from a source of
sound,

Inatall sound-
absorbent
materials.

Increase dominant
Trequancy by a
factor of two.

Reduction in
Sound lovel, dB

Estimated Decrease Iin
Loudness

Reliative Reduction in
Sound lower

20 dB or morc

18 4B

May ba negligible
as read on a
sound level moter

6 dB

6 4B

6 dB

Up te & di
{small source),
up to 3 dB

(line scurce),

Up to 6 dB,
mostly at high
frequenciles,

Up te 6 db.

Almost 75%Z, possibly more.
Rasonances yleld pure tones
parcefved as louder than
mixed seunds of equal total
intansity.

Almost 737

Depending upon composltion,
loudnesg may bhe reduced
more than 50%. (Equivalent
to albout 15 dB SPL.)

Lowered dominant pitch re-
duces loudnass equivalent
of additional 6 dB SPL.
Total loudness can be
reduced about 50%,

Neticeable reduction in
loudness (abour 25%).

Noticeable reduction in
loudness (abeut 25%},

Loudness reduction up to
25%.

Noticaable reduction in
echoes and high~frequency
nolse, usunlly noticeable
effect on loudnoss.

Can reduce audibility for
sounds 1f original 1is above
6 kliz. Higher-frequency
sounds are more readily
absorbed by alr and weakened
or deflecced by barprlers.

A last resort,

98

99% or more,

Almost 972

Hone

Reduces sound radla-
tion afffcicncy by a
factor of abeut four,

Reduces sound radia-
cion efficiency by a
facter of about feur,

Reduces sound radla-
tion efiiciency by a
factor of about four.

feduces sound powar to
1/4, 1f sound source
is amall and Lin ovpen
space; to 1/2 1f long
line asource; by nll if
large source ot echo-
{ng spare.

Usually reduces aound
power to as lircle as
1/4,

May be none. Likell~
hood of efficilent
gound radintion
increased, but can
raduce sound trans-
micted through enclos-
upes or barriers by a
factor of four.
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TABLE 5-3

INDEXED CATALOG OF SPECTIFIC NOISE PROBLEMS ANDY REMEDIES

AIR CONDITIONER, Ceptral {Chaprer 4)

Compressor: Select upit with low nolse
rating; mount on  resilient pads
preferably on a concrete block located
awny from bedroom area.

Dugta: Treuat ducts and dampers with
aound-ahsorbent material; design ducts
for large-volume, &slow-speed air-flow
in preference to small-volume, high-
apeed flow,

Fan: Choose slow-speed, large-diameter
units, Iasolate fan housing from
ductwark with flexible sleeveg.
Inscall fan on resilient mounts.

Grilles, Diffusers and Convectors: Se-
lect streamline units with smooth,

wide spenings and low-spread discharge.

Motort Chooae slow-speed unit wifh
symmetrical belt drive, Use resilient
mounts.

AIR CONDITIONER, Room or Window (Chapter 2)

Alr Fllter; If the air filter in the
unit thecomes clogged with  dust,
condensate may freeze on expander
tubing and thus further restrict the
air flow. This may cause whistling
notse, Clean filters weekly during
season to retain free ailr flow,

Compressor: Sglect a unit with
adequate power capacity to deo the job.

Fan: Select a large diameter,

squirral-cage belt driven fan.

Gasgket; Install perimeter gasket of
soft yybber to implate unit from wall
oy windew structure,

Mounting: Mount on resilient pads.

Thermostat: Adjust unit to minimize
statting and stopping noise which can
be mare troublesome than the nolse of
ateady running.

e rten PR .

ATRCRAFT NOISE

Note alignment of main runways and
flight patterns of commercial or
military alrports.

Metheds of aveiding: (Chapter 3

Recommended dwelling locationa:

(Chapter 4)

Sound  ipsulation requirements of
dwellings: (Chapter 3)

AIR HAMMERS

select units with exhaust sllencer and
sound insulating Jjackeet, Choose
minlmum stroke needed to perform work.
(Chapter 2)

APPLIANCES (Chapters 1 and 2}

Choose units with low-npoise rating
vhere given.

Install properly: Use vibration meunts

or resilient pads, flexible connectors,
vibracion damping coatings, and
perimeter gaskets to isolare units from
cablnet enclesures.

See entriea under individual appliances
by type,

BIRDS (Chapter 3)

Reducing noisc intrusion: Caulk ot
gasket existing windows; install storm
windows, This will also conserve
energy by minimizing temperature
variation in the home.

BLENDERS

99

Select unit with lpw-noise rating;

(Chapter 2)

container: select glans rvather than
plastic,
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TARLE 5-3 (Cont'd)

Housing or base: choose heavy metal
instemd of light plnscle bases.
Mounting: place on resillent pads,

source for
prohlems;

vibration
noise

Use as a
troubleshaoting
(Chapter 5),

RLOWERS
Choose slow-speed, large-diameter fan
with wide Dblades or sguirrel-cage
desipn; prefer bele-drive to direct

BOWLING ALLEY

BUSES

motor drive. (Chapters 1 and 2)
{Chaprere 1 and 2}

Reduce noise bulldup and reverberation
by sound-absorbent treatment of walls

and ceiling. Avaid areas where
conversation can he done only by
shouting.

Alley must be vibration-iselated from
building gtructure by means of
resilient mounting.

Avoid residences near major bus routes,
Engines should be well tuned, well
muffled. (Chapter 4)

Tirve trend design shonld be selected

for qulet runping.

Brakes should be ndjusted and properly
maintained ta avold squealing.

Chooge seats near centey

CABINETS

Chooge selid-gore, well-damped dJoor.

{Chapter 2)

Apply mastic to inner panels,

(Chapters 1 and 2)
Tighten leese atrike plates.

Line shelves and backs of cabinets with

cork or rubber tile to absorb dimpact
i noise. (Chapter 2)
} CAN OPENER
. Place on soft rubber pad, Avoid

mounting on walla. (Chapter 2)

CHATH 5AW

Select quiet unit with adequate
{Chapters 1, 2, and 3)

power,

Wear ear protectfon,

CHILDRIN, VOICES AND PLAY NOISES (Chapters 2
and 3)

Avo fd play in reverberant  spaces;
reduce neise bufldup by sound-absorbent
treatment of playrooms and classrooms,

close of f sleeping quarcers with
well-fitted windows, gasketed doors;
treat ventilation ducts with

sound=absorbing lining.

CLOCKS, Alarm {Chapter )

Give preference to the types of alarms
that ¢hime or turn on radios, if you
Hve In p multiple dwellipg, Ploce
alarm clack on a soft padded surface.
Be espuecinlly carcful noc to ser the
alarm on a surface which joins or
touches the party wall between yaur
apartment and the adjacent one, or on a
wall adjoining another sleeping room.

CLOTHES DRYER AND WASHER {Chapter 2)

low-necise ratings.
clothes dryer where noise will
glve minimum  disturbance. Isolate
laundry room as much as possible from
other living space.

Select units with

Vent

upits on resilient pads or
mounts; use flexible connectors {in
water and electrical supply line;
install air chambers 4in water supply
line,

Ingtall

llse  sound~absorbing and  vibration
damping materials on inside surfaces,

COMBUSTION NOISE - FURNACE (Chapter 2)
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Have fuel-nozzle adjusted for minimum
noige {this can be done with no loss of
burning efficiency). Separate furnace
room from rest of residence with
fireproof parcicion, if possible, Alr
intake in most residential furnaces is
direct from surrounding air space;
replacement with duct from outdoors can
reduce mnoise radiacion to rest of
house; 1t also might reduce need for
humidifying heated nir in the house.

Flexible connector and sound-absorbing
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lining in  air  ducts can  reduce
transmission of cembuscion nolse fronm

the furpace to room areas.

COMPACTOR

Vibration  Isolate the unit from
enclasing cabinet and Floor by means of
resllient mounte and gaskets. (Chapter

23

COMPRESSED AIR LINE

Select quietr blower nozzle: install
silencer on exhaust pert; keep tight
couplings. (Chapter 1)

Maintain uniform diameter; avoid abrupt
changes 1in cross-section., Avald rigid
cenneckion  between pipe and wall, to
prevent  "sounding  beard" affect.
(Chaptey 1)

COMPRESSORS

Use muffler on air intake o reduce
radiation of whistling nolses,

(Chapter 1)

Chopse rotary pump rather than
reciprocating pump; balance conrefuily.
Vihration isolate unit from surrounding
structures by vesilient mounting;
Inatall flexible copnecters in Llines,
Place unit in gound-insulated

enclosure. (Chapter 1)

CORRIDOR NOISE

Treat corrider floer with carpeting and
the cefling with  sound-absorbent
acoustic tile, Inatall seund
insulacing doors with gaskets to reduce
sound leakage inte living areas., Walla
of apartments that are common with
corridor walls sliould be of apund-
insulating construction. (Chapter 2)

COURTYARL NOISE

Courtyards tend to be reverherant and
noisy.

Seal windows that overlook courtyards
and draw ventilation from other expo~
sutes. If mnecessary, {ncrease weighe
of glazing {In wlndowpanes or install
storm windows, (Chapters 3 and 4)

Some reduction of mnoise level can be

obtained in a large courtyard by
planting trees and shrubs,

Avold Installation of alr conditloners
In areas with courtyard exposures.

CREAKING

Common causes af  creaking fn a housc
are loose wood Jolnts. Sce entry under
floor neises, also see Chapter 2,

For ereaking deor  hinges amd hlinds,
Tubricate hinge pins. Veatherstripping
improves  the door Aeil and also
restriets the frecdom of  the donr to
move  and  generate creaking  sounds.
Refit latches and locks.

Creaking of ductwork [s cawsed by
thermal expansion and  contraction.
Mount ductwork on  flexible hanpers.
Flexible expansfon jolnts may lelp
relieve the problem.

CROSSTALK

Install acoustic barriers in celling
plenums, crawl spaces, and ventilation
ducts.  {Chapter 2)

Flanking transmisslon and smiall
acoustic leaks are common causes of
crosstalk  between supposedly fsolated
adjoining spaces, (Chapter 2} For
general discussion of "Troubleshoating”
and  leak-finding  techniques, see
Chapter 5.

DAMPER NOISE

Dampers are the vanes used to coptrol
the flow of air 1in wventilation and
heating  duces, Namper noise is
typlecally a whiatling or hissing sound,
and may be reduced by slowking air flow,
see Chapter 5, If dampers are remotely
located from the grilles, some
improvement cen  be obtained by
ingerting acaustical lining ar sound
silencers in the intervenlng ductwork,

Some flutter nolse may be generated in
a flexible damper; substitution of more
rigid, heavier, or streamlined dampers
way help.

DIFFUSER NOISE
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Diffuser ourlers in vencilating systems
frequenctly are sources of whistling or
hisalng noise. Reduccion of air flow
velocity is the most effective remedy,
Replace existipg diffuser with a
large-diameter, low-spread,
better-streamlined wunit. In & pinch,

a0
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removing the diffuser altogecher and
replacing it with a "spreading plate",
[.e., a paned treated with
sound=absorbing miterfal on the side
toward the duct epening and suspended
2-6 ipches belew the opening can be
used to diffuse the air flow quietly.
{Chapter 1)

DISIWASHER

Generally, choome & dishwasher after a
demonstration for quiet cperation.
fuile-1ip dishwashers should bhe quieter
because of the limited surface for
radiating sound. However, rigid pipe
coupling and drain couplipng can
transmit noise to  the  household
plumbing. Inscall Elexible connecters
in pipe and drain lines to minimize
vibration conduction. Load dishes so
that they are not free to flap in the

washing stream. Tighten loose
ficcipgs, especially deoor latches and
shelf  supports. Mount unit en

resilient pads ond iselate 1t from
cabinet enclosure with rubber goskets.
(Chapter 2)

DOG BARKING (Chapter 3)

Voice your complaint to the owner of
the dog. Dogs that bark persistently
ghould not be left out In the yard at
night, out of consideration for the
neighbors. Keep your own dog indoars,
he makes a fine burglar or fire alarm
in your housc.

Caulk or gasket windows; install storm
windows .

KNOCKER (Chapter 2)

Replace device with a door chime., Door
knockers that strike too heavily may be
relieved by putting a small resilient
falt or rubber pad at the point where
it contacts the strike platre, The
knocker itself may be replaced by a
lighter-weight part.

SLAMMING (Chapter 2)

Install door closure dampers on all
exterier doors or spring~loaded
self-closing doors, such as BAcreen
doars. A resilient gasket or
weatherstrip surrounding the door will
reduce the impact noise, as well as
help seal the dosr against acoustic
leaks. Substituting a selid-core door
for a hollow-cere door may help to

10

relieve door-slamming and door-raceling
noise,

DRAIN PIPES

The principal generator of nelse in
drain pipes {8 turbulence from rapid
and unateady flow, The noise, however,
generally becemes annoying because the
drain pipc 1s fastened rigidly cto some
surfaces which act as sounding bhoards.
Insertion of resilient pads in the pipe
supports should reduce notse, as should
spacing the pipe from fleor supports by
means  of resilient padding. Where a
chofee i avallable, use the largest
dilameter  of pipe, te maintain
relatively slow, smooth flow; (Chapter
2). Use heavy-walled pipe such as
ceramic or metal pipe rather than
plastie pipe,

DRILLS, PNEUMATIC

Drills with exhaust silencers and
sound-insulating jackets are availahle.

Repairs on  city streets using
pneumatic drills should net be carried
out during sleeping hours, In many
cities, ordinances forbid such noise
during might hours,

Caulk or gasket exlating windows facing
source} Install storm windows.

DRUMMING, BELT (Chapter 1)

Looseness  makes belt drumming and
slapping more likely, Adjust tension
for minimum noise, If necessary, a
damping idler wheel may be installed to
maintain belt tension while reducing
helt vibration,

NOISE (Chapter 2)

The principle cpuses of duct mnoise are
ereaking, rubbing apd snapping of
ductwork due to expansion and
contraction.  Turbulent flow through
ducts causes roaring sounds,

Dampers in ducts cause whistling noise
for high—~speed flow, see entry under
damper noise. Whistling noises
genevated at duct openings, branches or
elbows can be transmitted through the
ductwork, BSound conducted threough the
ductwork as cthough it were a speaking
tube can be minimized by installing
sound~absorbing material and sound
baffles.
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Use of sound-absorbent lining, tlexible
connectors and stiffeners or Lracing in
ductwork generally  alleviates  such
problems.

ELECTRICAYL EQUIPMENT (Chapters 1 and 2)

Common sources of noise are loose
laminations on transformers (which can
sometimes he tightened), sparking

(indicated by a hissing, feying sound),

and, occasienally, "singing" of
loosely-supported filaments in  lamp
bulbs. Sparking can be prevented hy
tightening electrical contacts, and by
making sure that switeh contacts are
clean, Lamp bulbs that "sing" should
be replaced. Loose  laminations

gometimes develop in the ballasts used
with fluorcascent lamps; these should be
replaced, preferably with more con-
servatively-rated ballascs.
Fluorescent lamps yield more light per
watt of power than deo incandescent
lamps, but they tend to be noisier than
the 1atter. Noisy wall switches that
are likely teo be turped on in the
middle of the night ~ as in bathrooms -

can usually be replaced by ‘“silent"
mercury or ratary switches of the
appropriate rating.

See 1individual entries for specific

eleccrical appliances.

ELECTRONIC AIR FILTERS

ELE!

LA sl
IO

Homeowners occasionally complain about
the loud, gharp, snapplng noises
produced by the electronic air filter
unit installed in their heating and
air-conditioning system. Dust
particles pasaing through the ionizing
cell of the filter are given an intense
electrical charge and are collected by
highly-charged eleatrical plates.
Abnormally  large dust particles
occasionally short aAcross the
electrical plates and cause arcing,
which produces the objectienable
snapping noise. The installation of
acoustical lining or sound silencers in
supply and return ducts for the purpose
of attenwating mechanical equipment
noise will alleviate the electronic
filter noise problem aa well.

VATORS (Chapter 4)

acrs  as a speaking
sounds from the drive
doors, Proper

An clevator shaft
tube to transmit
motord and elevator

Tk TR b s
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mountlng af the motors and doors can
reduce the noise produced.
Scund=~absorbing miaterial can be

ingtalled in the elevator shaft, though
this 1s seldom done. Bedrooms should
not  be adjacent to elevator shafes
wnless storage arens are placed in the
intervening spaces.

Eapecially {n  tall! bulldings, where
high-speed eclevators are used, the air
overpressure and rarcfactions caused by
the plston action of the c¢levator cab
have to be vented somewhere; provision
of alternacive vents for this pressure
miy be feagdble, and can  prevent the
whiscling of mir past the sofety strips
on elevator doors.

EXPANSION AND CONTRACTION (Chapters 1 and 2)

Long sectlons of sheet metal supported
at widely separated poincs are likely
to make "clacker" type nolses as they
expand and contract with temperature.

This is a serious source of mnolzse in
ventilation ductwork, Separating the
duct into segments which are supported
indepondently  and conpecred together
with vesilient or compliant joints can
reduce sound from thia cause
conglderably.

be sealed with
intervals

Sheet-metal roofing can
mastic placed at frequent
where {t ig laid on the voof. Thia can
b2 used to minimize rattling in the
wind. Careful attention to the cdge of
roofing can prevent the ratcling (and
rearing) produced when strong gusts of
wind penecrate under the ronfing and
1ift it.

roofing, nails should
through a spot of mastic
applied at the spring sectien at the
peak of the vee. Motilon of the roof
relative to the noil will then tend te
clinch the roofing material around the
nalls.

In
be applied

“vee~groove"

FANS, EXHAUST (Chapters 1 and 2)

Remember the useful rthyming conditions
Y"slow and lew"., Use as glow a fan
apeed ns can be obtained., Exit louvers
ghould be made of easily~cleanable
material and massive cnough te prevent
rattling., In choosing a kitchen hood
filter, give preference te one that is

long, wide and made of thick highly
poroua material; this choice will tend
to maintain smeoth air flow. Of
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course, for case of ¢leaning the {ilger
should be interposed botween  thie hoeoed
and the fan.

FAUCETS {Chapter 2)

One of the pgreatest nulsances Late at
night s & dripplng faucet with ne
{mmediate chance of fixing 1it. Simply
placing 4 sponpe or a4 Ffacecloth under
the drip may reduce the  sound
appreciably. The traditional quick
remedy  is to tie u scring or  shoelace
to the faucer so that the drip is
channeled as a mwinfature stream down
the sering. A more effective solution
i to rteplace the worn washer that ls
causing the drip.

"Singing" of a faucet Is almost nlways
a slgn of a deterlorating washer, which
should be replaced,

FLOOR ROISES (Chapter 2)

Squeaking floors and atairways;
Squenking floors often can be silenced
by insperting oil 4n greoves or edges of
flooring, renailing, {Inserring wedges
under warped haard, installing
additional  support or bracing o
sagging floora.

A rcurious slapping noilse on tiled
floors, such as parguet and the various
linoleum, rubber and asphale tiles, can
be heard 1f a tile becomes lceose. The
leese unit can  be located by walking
briskly across the floor and noting
which tile emits the sound. To prevent
the tile or linoleum from cracking,
apply heat from a hand-type hailrdryer
or pan of hot wiater teo soften the
gurface. Even 1f partly secured, tiles
may be lifted enough to allow mastie to
be inserted under the loose edgea. A
welght placed over the rile will hold
ir in place until the mastic sets.

FURNACES (See entry under heating systems)

GARAGE DOOR (Chapter 2)

The tnoise generated by the opening and
eloaing of rvoll=-up type doors of
garagos attached to the home can be
reduced substantially by mountipg the
track on resilient isolators and
placing a rubber gaaker at the boettom
edge of the deor to absord the impact
shock of closing the door.

GARBAGE COLLECTYON {(Chapters 2 and 3)

Vibration=damped, laminated metal crash
canyd, which are reiatively gulet when
handled, are  commercially  available.
Caps made of heavy-pape, resilient
plastic mike less noise when drepped or
struck than do ordinary metal cans.

If collection takes place at hours when
it interferes with sleep, there may be
a case for community acrion.

GARBAGE DISPOSER (Chapter 2)

It possible, sclect a unit £or quiet
operatian, Such units feature
resilient mounts, flexible pipe
coppectors and a sound-insulating cuter
shell, Coatlrg the underside ef the
sink  basin wileh wvibration damping
compound wlll  Improve the noise
reduction., Installing acoustic cile
Inside the cabiper  enclosure  will
reduce noise buildup.

CARDEN APPLIANCES {See antries under

individual appliances by type) The
ma jor maisemakers are lawn mowers
and chain saws. Mowers can be selegted
for quiet operatipn, Heel mowers tend
to be quieter (and often somewhat
safer) than rotating-blade mowers. Ear
protaction sheuld be worn if needed and
attention should be paid te the
community's necds for reasonable
quiet.

Since chain saws are difficult Eo
gilence, rthey should be uged only atc
times when nelighbors will not be
digturbed; adequate rest perinds should
be taken by the operacor,

If ir 18 possible to extend a power
cord tn the working gite,
elecerically-operated teols may
eliminate a lorge degree of the noise.

GRILLES

104

The ventilator grilles on forced-aiy
heating and cooling systems frequently
are a major source of high-pitched
no{se. The moat common cause of noise
iz high-velocity alr flowing through
the grilles; choice of a more
streamline grille with larger openings
will rveduce the whistling noise.
(Chapter 2)
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GRINDERS

Exeept when Lt is directly engaged in
grinding, any rotary grinding tool
slwpuld be so  well-shielded and well
balanced that it {s essentially quiet.
This can  be  Ipproved by careful
mounting of the grinder on resilient
pads, (Chapter 1)

A portable grinder can be operaced
quietly when set upon a
vibracion=isolating mount, (Chapter 2)

{Chapter 2, Control of
heating, ventilating and air-condition-
ing system noise)

Most conventional heating systems
generate noise, some more than others.
For a piven syatem, however, the amount
of noise gencrated will depend upen the
type of equipment used and method of
installation.

One advantage of  lowering the
thermostat at night Jduring the heating
season is that it minimizes thoe number
of times the disruptive cycling of the
heating system pgoes Inte  operation
during sleeping hours, Flame nolse can
be minimized by proper choice of
combustlon nozzles and proper
adjustment,

The quietest system 16 hot-water heat,
if care 1is taken to vibration isolate
the system from wall and floor
structures by means of resilient mounts
throughout the house. A noisy impeller
can be replaced with a4 quieter one, or
the rate of flow can be reduced, which
will lower the noise sutput.

Steam systems generate noise through
air vents, which whistle and hiss every
time the steam is circulated; a
two-pipe steam system is muech to he
preferred to the one-pipe ateam system.
Steam radiators also "hammer" {f warer
gets trapped in the circulatory sysrem,
a vpartfeularly serious fault of the
one-plpe steam system. Place wedges
under the legs of the radiator cpposite
the input end to increase the drainape
angle. This will allow any trapped
water to drain away and rhus prevent
wvater hammering.

Baseboard heatlng systems can cause
annoyance, especially in the still of
the night, if they are not dnstalled
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HEATING
INSTALLATIONS (Chapter 2)

properly. This applies to clectrical
as  well as hot  witer  systems. The
major causes  of the nolses are the
expansion and contraction of the heaster
agsembly, component parts and piping,
and the amplification of such nolses by
wall and floor structures 1in direct
contact  with  the  heatlnp  system.
Noises  from motors, pumps  and
turbulence 1n  the case of hoet water
systems, and  the low frequency
resonance ot humming  associated with
the elecerical heaters also are sources
of disturhance. Such problems can be
alleviated by structurally iIsolating
the hearers from walls and floors hy
using resilient spacers and leg mounts
made of  heat-resistant  materinls,
Asbestos board hacked with pads of
silicope, ncoprene or rubber would be
suftahle for chis purpose, providing
that the asbesros surface supports or
is inserted next to the heater.

Many modern heating systems wse forced
alr eirevlacion because 1t permits air
copnditloning and humidification to be
supplied throeugh the same dugts. This
is potentially one of the npolsiest
systems unless special care Is taken in

ity design and Installation, See
entries under blowers, funa,
ventilation, heating and

air-conditioning equipment.

SYSTEMS, CENTRAL  AND  CLOSET

Noise associated with forced-alir
heating aystems 15 due to a combination
of sources, such as mechanical noise of
the motor/blower, bhlower-blade passage
frequency, turhulence, air-flow noilse,
combustion or burner noise, thermnl
expansion and contraction of ductwork
and pulsation and vibration of the
ducts,

Substantial redwctions in noise output
can be made by designing systems for
low~velocity and low=-pressure
operation. PFlacement of  resilient
mounts under the motor/blower and use
of resilient hangers, flexible boots
and acoustic lining in ducrs will
alleviate the noise problem,

Closet installations will require in

addition souwndproof walls, doors and an
acoustic-lined return duct,
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Most  household appliances have some
magnetic parts in  them, such as  the
armatures on metars and the reactors in
fluorescent lamps. The magnetic shecgs
will wvibrate against one another, and
generate hum at multiples of the power
line frequeney. Where the frames are
bolted, ag in transformers, tightening
the bolts may help to eliminate the
hum, On  reactors for [luorescent
lighta, replacement of the "patted"
unit may be the only remedy avatlable.
kadiatien of the hum by other parts of
the fluorescent lamp may be decreascd
by resilient-mounting of the reactor
ballasrt; (Chapters 1 and 2)

HUMIDIFIERS

caused by the
Atomlzer-~type

The noise generally is
fan or impeller,
humidification may generate a nolse
from the spray nozzle, which may be
adjusted or roplaced with a quieter
unit. Since the spray noise Is
relatively high in pitch, acouscic
baffles may help; {Chapter 2).

HYDRAULIC CONTROLS

The mpst common cause of trouble {s
valve noidse, which {8 discussed under
that entry. Also see Chapter 1,

hydraulic and pneumatic
controls are simple and rvupged, but
generally more nedsy than elecerical
controls, with which they can sometimes
be replaced. Sound insulating
erclosures can  be designed to suppress
such noise.

An a rule,

ICE CRUSHER

IMPAC

See  general discussion for kitchen
appliances in Chapter 2.

Like o blender, it can be made quieter
by uwsing o heavy container for the
crushing compartment, and mounting the
crusher on & vibration isolator.

T NOISE

See Chapters 1 and 2 for general
principles of reduction of impact noise
in machinery, kitchen cabinets, and
floora in homes and apartments.

IMPPACTOR
These  devices  should  be operated at
times that do not interfore with sleep

among  the neighbors, Shock mounting
bhelps.  One should scelect an applinnce
that is designed far quiet operation,
A hydraulie device can be mude quiet
more easily than can a device depending
upon mechanlcal impucts to compress the
trash. (Chapters 1 and 2)

INCINEHATOR CHUTES (Chapters 1 and 2)

JACK

Frequently these are made of relatively
thin sheet metal, which vibrate and
rattle as the trash strikes agninst the
flexible metal surface. Agnin,
diasposal of trash should be restricted
during normal sleeping hours.

ghould be structurally
isolated from the building walls by
means of resilient  mounts. The
exterior surfaces of the chute should
he coated with a vibration damping
compound  to reduce the drumming
resonance of the chutes caused by the
impace of trash or refuse,

The metal chute

HAMHIR

A few models which Ffeature a  sound
insulating jacket and exhaust silencers
arc available and should be used.

Workmen should wear hearing protection.

Work with these toels  should be
confined ro normal waking houra. Aveld
long, continued use of the jack hammer
by  Interposing adequate  recovery
perfods,

Use of such noisy egquipment may

be a case for community regulation.
Frequeantiy, an additional cource
of noise is the compressor supplying
air power to the jack hammer. Com=

pressors with sound dinsulating en-
closures are available and should
he required.

Sce discussion under compreasors and

compressed alr line in this index.

KITCHEN APFLIANCES
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and
are

the exception of washers
dryers, most kicchen appliances
used for brief periods of time.
Howaever, several appliances may be 1In
vae simultaneowsly such as  clothes

With



dryer,
ete.,

washer,
disposer,

dishwasher,
which
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garbage
Joinely  enn

generate a rather high level of noige.

Fer methods of selecting and Installing

appliances for

Chapter 2.

KNIFE SHARPENER

quiet

operation, sece

Place the appliance on & soft resiliont

pad to {solate It from the kitchen
counter top ar werking surface.
(Chapter 2)

; LAUNDRY ROOMS

i
The principal sources cof noise are
clothes dryers and clothes washers;

be very reverberant.,

refer to theso entries.
to have hard surfaces and are 1ikely ro

The rooms tepd

Noise buildup can

; be reduced by installing sound
; absorbing material such as perforated
! metal tiles backed with glass fiber
! pads, which will withstond  the
} moisture, Resilient mpunts and
flexible connectors should be wused on
all machines; (Chapters 2 and 4).
For pas-~operated dryers and  water
heaters, consider using an

air for combustion.

R ST M Yo ot e e e en g o

exterior-opening duct

to draw outside
This will reduce

the 1level of combustion nnd Dburner
noise radiated indoors.
LAWN EDNGERS

These tend to be as noisy as

gasoline-powered lawnmowers but have a

high-speed blade, which emits a
; somewhat louder and more irritating
& high-picched noise, Some models are

noisier than others,.

o aean

should be worn;

SRR

effective nodel,
nf the

Tune engine and

e e M A e e e L e A b R e

choesing a quiet wunit,
they
effective agalnst high-pitched noise.

blade and balance
reduce speed; tighten
loose and rattling parts.
measutres should provide ahout a 6~dB or

aelective dn
Ear plugs
are especially

Be

LAWN MOWERS
Rotary Power Type: Select madel with
low noise rtating, preferably with
under-deck exhaust. Replace  the
conventional muffler with a new,
somewhat more expensive, hut highly

Sharpen cutting edgey

the hlade.

The above

about a 25 percent reduction in
loudness. Generally speaking, nolae
107

LAWN
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Tevels  at the sser's  posktion
frequently  excecd §0 dE({A),  although
this does not pese a  hearing  hazard

becasse of the brief use of the mower,
once every woeek or twe. However, {C
may prove very hazardous to workers

whose daily occupation is the mowing of

lawns, park lands or the grounds of
larpe Institntlons. Parents  should
coenalder chis gpoint  wvery carefully
before allowing their children to mow
lawns to  edrn money on  weckends or

during summer vacatfons. In any event,
ear protection should be worn by all
workers  exposed to such neilse for
extended periods. Refer to Chapter 2
far a discussion regarding
noise-dnduced hearing damage,
Reel-type power mowers, because of
their smaller radiating surface, are
somewhat  less nelsy than the rotary
type. Properly designed clectric-motor
type mowers generally are the least
noigy. Mower manufacturers can make
suhstantial reductions in the neoise out

of their machines by adopting the

fellowing recommendations.,

(2} TInsatoll the most effective, not
the lightest, muffler available.

(b) Vibracion {iselate engine from the
mower deck.

(¢} Except for the cutting edge, the
blade should have rounded corners
and a serrated or feathered
trailing edge.

(d) Underdeck should Thave smooth
streamline air flow passagewnys
devold of any obstncles or sharp
COrnCTH,

(e} Construct the deck of lamipated
sheet metol with a viscoelastic
core to suppress deck vibration,

(f) Enclose engine compartment in a
gound-ingulating jacket or cover,

THATCHERS

Fortunately, these are used

infrequently on any given lawn. The

noise problems are common to those of
lawn mowers und edgers, 1.e., the
engine {is the main source of noise,

Select units with well-muffled engines.

The operator should wear  ear

protection. See related entries.



LEA¥

LEAF

TABLE 5-3 (Cont'd)

HLOWERS

Choose a madel with o well-muffled
engine, large air-inlet aperture, a
squitrel-cage blower, and a stream?lined
discharge nozzle. Scleet attachment
hases that have smooth inner surfaces,
Operate bLlower at slowest speed  that
will perform the chore,

SWEEPERS AND MULCHERS

felect michinery with  well-muffled
engines.  leaf sweepers are available
in two types - the vacswum and the
rotating brush types. Requiremencs for
quiet aperation of the vaecuum~type are
similar tao those for a leaf blower,
Canvas heppers skould bhe sclected
rather  than metal to absord the noise
produced hy the impacts of srcopes,
acorng or debris. Metal hoppers should
be coated with a vibrardion damping
compound . The cutting and blowing
nolse of a mulcher also can De reduced
somewhat by coating the inside surfaces
of the metal housing with vibration
damping material.

LIGHT SWITCHES

Silent mercury-type 1ight switches and
thermostats are avallable. Rotary-disc
type switches also are relarively guiet
in operation comparad to the
apring=operated type switchea.

MASKING NOISE

See discussion under "Is There An
Acoustical Perfume?" at end of Chapter
3.

MECHANICAL EQUIPMENT

See individual eneries In thie gection
and in Chapter 3 for methods af
reducing the noise output of various
types of machinery and  mechanical
equipment.

MOTORS

On  electriecal metora, eliminate
unhalanced loads and replace worn
bearings to prevent vibratien; and
thumping noises; oil dry bearings to
eliminate screech,

Motors should be Installed on resiliant
maunts and vibration isolaters.

g e e e i e e e e

Stray electromignetic fleld from motors
can set steel housings Inte vibration;
replacing  steel lousings by hrass ar
other  non~-magnetic material may
alleviace this nolse problem,

MOTORBOATS

Relatlvely quict outbeard morors are
avallable. They  come  equipped with
vibration 1isolating mounts, sound
Insulating  jackers, ond under-watet
exhauat systema. Inbeard motors with
basically the same features can be
installed In an acoustically-lined,
sound-insulated enclosure to provide a
preater  ameunt of  noise reduetlon,
Electrlcal, battery-powered  motors
which operate quietly are avallable for
light use, such as trollipng or fishing.
In additlon they do not pollute the
witer.

MOTORCYELES

Quict mufflers are availabdle. Except
for delayed adolescence, there 1s no
reason to use a poorly-muffled vehicle,
Wicth a properly designed muffler, power
from the engine wlll be mere smoothly
developed, and greater fuel efficlency
can ke expected,

MUFFLERS

HUSIC

108

In general, mufflera are
sound-absorbing chambers placed on the
exhaust of internal combustion engines
to prevent the discharge of noise from
the cembustion process. As A temporary
measure, additional muffler actfion can
be improvised hy lining a
large-diameter metal can with a pad  of
glnsa flber and inserting a slotted,
smaller-diameter ean, This double wall
muffler should then be attached to the
end of rhe exhaust pipe,

To work properly, a muffler must be
designed for a given nolse spectrum,
asealed carefully to the exhaust pilpe,
and must  {tself have subscantial,
non=rattling wails, and sound baffles.

Unwanted music becomeas noise, Two
rival sources of music generate
cacophony, Rock bands spproach sound
levela hazardous to hearing, ({Chapter
2) Similar levels can occur with gome
"Hi-F1" systems,
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Avold places cthat feature steh  loud PUMPS
music. Warn your children about the
hearing  hazard. See Chaprer &, Sump pumps wnd automatic-levelinpg water
Recrcation  Rooms, for methods of pumps are  serlous  nolse offenders,
sound~proofing rooms against loud noisc particularly If a large quantity of
or music. wiater is  drawn lite  at night.
Vibratdon isolate the pump from the
NATL GUNS butlding and conneet 1t to the plumbing
vin flexilble tuhlng. Seal connectors
Relatively quiet models are  now carefully for maximum pumping
comnercially available, Avold efficlency ( briefest operating time).
- prolonged use of the device on a daily
. basils unleas hearing protection  3s Pumps for compressed air systems are
: worn. exceptionally nolsy  devices, Sve
entries upder compressors and  jack
NEEDLE VALVES hammers.
The characteristic noilse emitted by a See Chapter 1, Sectlon 3 and Chapter 2,
needle valve 1s a high-pitched hiss, Contrel of Plumbing Noise,

Examine valve and replace it if it is
defective. Vibration fsclate valve and RADTATORS
assoclated piping from large radiating

: surfaces by means of resilient pads or Steam radiators are inherently noisler
B sleeves. Enclose valve in pglass fiber thon  hot-water radlators; one-plpe
a padding with an outer jacket of leaded gteam systems are nolisiest because of
' vinyl. alr-venting reqguivements and  the
frequent onset of wvapor lock {water
PIPES condensed from cool steam hloeks the
access of now steam in the pipes which
See Chapter 1 for design of quiet flow causes intermittent hammering). Select
systems, and Chapter 2 for control of a het-water system which features large
plumbing noise, diaometer pipes and low velocity flow,
Vibration isolate cthe impeller pump
PLUMBING NOISE from the bullding scructure. Separate
the pump from the pipe system by means
See Chapter 2, Control of Plumbing of flexible connectors. "Bleed"”
Neise. dissolved nir out of hot-wnter system
at regular {ntervals to avoid hammering
POLISHERS saunds from trapped air bubbles. See
Chapter 2 relative te steam and  hot
Quiet medels are available, These water heating systems.

feature  slow-speed, large diameter
rotating discs which can be fitted with RADIO

brushes or buffing pnds.
MJuse volume coatrel of the radio so

POWER TOOLS that the sound level of commercials

(which usually are about 5 dR higher

5 Variable apeed tools like drille and than program material) is at a
i scroll saws are less polsy than the comfortable conversational level.

B high apeed/torque models, Operate the
K tool at lowest speed capable of doing RAILROAD
i the job. See entries under specific
type of tool.

A AR At e S T T

A rallroad is a sowrce of vibration as
welli  as alrborne neoilse. Select
dwellings that are at least one mile,
preferably two miles, from a railroad
line. See Chapter 4, "Selecting a
qulet home or apartment site."

1f you live near a railread see Chapter

3  for recommendations regarding
insulating your house against outdeor
noise,
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GUTTERS AND SPOUTS

A mojor polse source is  the turbulent
flow and irrltating dripping of
rainwiter in  the Rpucters and
downspouts. (Chapter 2)

Select rnin gutters of heavy  gage
metal, rounded bends and coated with
vibration damping makerial. Avoid

inscalling wvertleal dralns cutslde of
bedrogm areas; isolate drains from the
building struceure by using soft rubber

sleeves at pipe clamps and gueter
spouts. Replace  conventional metal
elbow at base of downspout with a soft

rubber boot or plastic hose,

REFRIGERATORS

Select units for  silent operation.
Frost-free refrigerators are operated
with pumerous fans, all more~or-less
contribtuting to a nolay kitchen, Any
refrigerator will be less nolsy If it
is mounted on resilient pads on a solid

floor. ( Chapter 2, Kitchen Neise, item
12)

RISERS
Vertical ducts or wventllation risers
mounted on the exterior of bulldings
frequently are the cause of noise

ROCK

complaints, Such devices often tacrle
in windy areas otvr snap, crackle and
pop, owing to thermal expansion and
contraction with ovtdoor temperature
varistion. Further, the outdoor noise
of alrcraft, traffic, etc,, are asily
transmitted by the thin-wall duct and
carried inte the building interior.
All exterior ductwork should be of
double-wall copstruction with acoustic
lining and silencers. Risers should be
vibration isolated from exterior walls
by means of resilient mounts at all
points of support,

AND ROLL MUSIC

Just possibly, this term may kecome
obsnlete before this Guide is
published, but anyone who has been
exposed to amplified music has leard

the noisiest part of "Rock and Roll."
The sound levels generated can be high
ensugh to  damage the hearing of
audience, performers and bystanders.

If you must have a reck and roll
session at your house, and if you must

ROOF

play the musie so0 loud that you
experlence the  pleasurabhly  glddy
sensatlon  that high sound levels seem

to produce In some people, the only way
to avert nolse complaints 1s to glve a
block party and dovite all  the
neighhors in,

Obvicusly, shutting all windows and
doors  will reduce the amount of noise
escaping outdaers.

NOISE

roof' 1s a proverbial
source of noise, Metal roofing can be
qulered to some extent by mounting it
over a layer of mastic., &4late roofing
1s strong and rvelatively quier, though
liable to breakage by hail and repeated
freezing and thawing, but can only be
applied to a roef structurce capable of
withatanding iea greac weight.,
Ashestoes voofing {8 quietest, but most
1ikely to tear in high winds. Massive
roof materials like lead, copper, and
slate serve best as  harriers against
exterior noise; sound insulation of the
ronef of a house 18 Just as important as
it is for the walls, Also see entries
under expansion and contraction.

"Rain on a tin

ROTOR TILLERS

The noise generzted by a roter tiller
1s comparable to that from a power lawn
mower; see entries under LAWN MOWERS,

SANDERS

Since most nolse is generated at the
contact between the sander disc or bele
and the work, little can be done to
prevent noise from being produced. At
the faccory wear ear  protection.

Provide for adequace rest perlods away
from the neise. Work in
well-ventilated areas, preferably

trested with soupd-sbsorbipg baffles or
acoustic clle ceilings,

SAWS: BAND, CHATIN AND CIRCULAR

110

Nolse reduction at rhe source s
difflcult. 1In the ¢ase of chain aaws,
o good muffler can make a substantial
reduction in noise ocutput,

Wear ear protection and provide for

adequare rest periods away from the
noise during the working day.
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SEWING MACHINES

The reciprocating motion of the machine
generates  conslderable impact nelse.
Place rubber pads under the legs of the
machine cabinet or under the machine
traelf 1f it ds a portable tahletop
model, Reaildient mounting of the
machine in the cabinet will result {n n
noticeable reduction of noise.

SHAVERS, FLECTRICAL

Motor-driven models are less noisy than
vibrator types,

SHOWER STALLS

mounted on n
underlayment.

Shower stall should be
resilientc pod or
Plumbing £ixtures and drains should
likewise be reailiently mounted. Metal
or fiber pglass stalls should he ceated
with wvibration damping materlals. See
Chapter 2 on centrol of plumbing nolse
and Chapter 1 on wvibratien damping
materials,

SIRENS

Audibilicy 1s a natural requirement,
useful except for those who live nenr
an emergency facilicy such as a fire
station or hospital, Fartunately, the
spectral distribution of  airens
clusters within the 500-2000 iz
frequency range, which can be exeluded
to a considerahle degree by closing off
living quarcers from outside noise,
Just as one tries to do for highwy
noige. See Chapter 3 for redueing the
intrusion of outdoor noise into the
home. See Chapter 1 relative to
detection of sirens.

SKOWHOBILES

Many communities are beginning to
regulate the noise emission that will
be tolerated from snow mobiles and
other all-terrain vehicles.

on basis of low noise
gutput. Such machines feature
effective mufflers, acoustical lining,
and vibration damping treatment. Asa
precautionary measure, ear protection
should be worn, particularly during
perioda of extended or prolonged use.

Select machine

SOLEROIDS

Many automatic household machines such

111
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ns dishwashers and washing machines use
electrically-operated solenoids to open
and close input and drain valves. The

basic mechanism is a rod of magnetic
material operated by a coll. Usually,
a falrly heavy impact occurs when the

actuated, Shock-mounting
help to confine the
nolse to the machine and {ts 1mmediate
vicinlty. Sometimes, a solenoid held
back by a spring will wvibrate wheo the
slot in which it travels bhecomes worn,
and replocement will cur down the hum
level significantly.

solenofid is
the device may

SONIC ROOMS, SHOCK WAVES

Also see entries under THUNDER.

Depending on the distances involved, by
the time a sonic boom or shock wave
reaches your house, it usually will
have lost some energy by spreading, alrv
absorption, and perliaps reflection aff
natural or man-made barriers.

Building structures that are adequately
sound-insulated agolnat alreraft or

traffic noise will also do well agalnst
their

sonie  boomsiy but due to

suddenness and infrequency, sonic booms
produce grartle and ghort-term
interference that are mere like that
caused by airvcrafr  flyover noise.
Community aoction may be required o
resplve the problem of aonic  hoom
disturbancea caused by aupersonic

aircraft flyovera and the shock waves
caused by “blade slap" associated with
helicopter flights.

STAIR CASES

Tite dmpact from footstepa can be
minimized by placing carpets or
resilient pads on the treads, Stair

hialls are often needlesaly "live", and
can be quieted conaiderably by the use
of fireproof, sound-absorhing material
on the upper walls., (Chapter 2).

In apartment buildings, staircases that
are sealed off with fire-proof doors
equipped with quiet closures minimize
not only the fire hagzard bur, also
noisge interference,

STEAM AND PRESSURE-REDUCING VALVES

Sueh  wvalves are exceedingly noisy,
Replacing existing valve with a number
of smaller units te effect a gradual
reduction 1n pressure will lower noise

R R LR AL I BT PR e
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Enclosing valves
plywood box, or

output considerably.
in a gypsum hoard or

duct packed with fiber glass i1s an
effoctive meana of reducing the noise
lovel,

STEREQ SETS

suME

See entries under MUSIC and, for cabl-
Net resonances, under CABINETS,

PUMPS

See discussion under PUMPS.

SWIMMING POOLS

The hard tile surfaces surrounding an
indoor swimming pool and the water
surface of the pool cause the area to
be highly reverberant and thus build wp

the noilse made by persons ot play
within the pool, Various typea of
gound  absorbers that ore modsture
resigtant can be used within the pool

area te reduce the noise level, but

seldom arc.

Pumps and circulation systems which are
additional sources of noise should be
atructurally 1Isolated by means of
resilient mounting and floxible
connectars to minimize nelse beildurp.
A rooftop swimming pool 1is a nearly
intolerable source of noise to the
residents beneath. Such Installations
requive vibratden iselatfom of the
pool, and the plumbing and filtratien
system from the bullding structure.

TELEPHONE

If you are disturbed by the noise of a
ringing telephone, select desk type
telephones in preference to
wall-mounted models. Owing to the
sounding board aetdon of the wall, the
wall-mounted ctelephone tends to  bhe
congiderably noisicr chan the desk type
unie, For chis reason, one should
refrain  from having wall-mounted
telephones 1nstalled in bedroom areas
or on party walls separating dwelling
unics,

equipped with a
adjust the noise
Place phone on soft

Most teleplones are
volume contrel to
level of the bell.
rubber pad.

If you need only to know when there is
a call for you, and don't wish to have
an audible signal, you can arrange to
have the ringing signal replaced by a

flashing 1ight. This 13 done routipely
by the telephone company for
hard=-of-hear Ing clients, and  is
uvailable in most systems.

1f you are hard-of-learing, and the
telephone is in a noisy eonvironment,
you can tmprove your chances of hearing
the conversation by having your hearing
aid firred with a relephone pickup

cofl, which picks up the elecrrical
signnl froem the enrphane of the
telephone, This will reduce markedly

the comperiticn from the room noise.

TELEVISION SETS

Noise complafnts involving televislon
sets are like those concerning "Hi-Fi"
sound systems and rock bands; the sound
levels ac which chey are played are
objectionable to the ncighbors. In
apartment bulidings, v nolse
disturhance can be reduced by
requesting tenants to locate thelr sets
away from party walls, plave resilient
pads under the legs of the cabinet or
stand, and set the volume control gzt a
lower level,

of abjectionable noise
cone radiated by a

Another source
1s the high-pitched

poorly~adjusted TV set, Puersons with
normal  heardng can find this noise
quite boathersome; however, it can be

removed by baving the ser readjusted by
& repair man.

Occasicnally, a high-piteched nolse is
radiated from a pulse transformer which
is  uwaually located in the rear of a
television  set. The nolse, which
generally 1s directional, can often be
reduced by installing firepronf
acoustical tile un  the wall dlrectly
behind the TV set,

TELEVISION ANTENNA

The television antenna acting like a
vibrating reed coan generate a moaning
or moutnful sound on windy days, if f{t
is mounted on the roof or attached to
the chimney of a house, This problem
can be corrected by bracing the antenna
wirh guy wires or rtie roda, or By
installing che antenna in the atetie
area where 1t would be shelcered from
the wind.

THERMOSTATS

See discussicn under LIGHT SWITCHES.
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THUNDER near another child's car,

The noise from thunder is  very Noisy firecrackers are banned 1in many
low~pitched 4f the thunder arises fronm places, primarlly as & fire and
a lightning stroke at a foilr distance explog fon hazard, butr occaslonally a
from the listener. Metheds used for child may be deafened permanently by
excluding traffic noise, such as solid another child's prank., This loss,
walls and well-sealed windows and though less visible, 1s a very serious
massive roof structures also will problem,

reduce the intensity of the sound from

thunder inside your house. TRANSFORMERS

A trapsformer carrying a fairly large

TOILETS
amount of power can bhe a serlous noise
See Chapter 2 on control of plumbing problem, The cove of the trapsformer
noise. is made up of layers of magnetic irvon

alloys. Occasionally these layera
{"laminations"} work loose and vibrate
with the frequency of the alternating
current passing through the
transformer. On large ctransformers,

Water fFlow in the droins 1s a major
source of noise. "Silent Flushing"
tollets are available,

Syphon=Jet toilets with  flesh-tank there is often a  provisien for
: fixtures equipped with adjustable flow tightening the bolts holding the
' laminationas  together, On  cheaper

valves are considerably less noisy than

"conventionnl models, A high«pitched applianceas, wsuch ps the fluorescent

noise which occurs when the flush tank lamps and high-intensity lamps,  the
1s being refilled usunlly is a sign of lnminations are ‘potted" in a tarry
mixture, which may become heated and

defective seals, Replacement of the

seals eliminaces the problem, leak out, permittipg the laminations to

vibrate. These must be replaced.
! TOOLS

] TRAFFIC NOISE

See entries for individual teols such

k as Saws, Sanders, Grinders, etc. For methods of reducing che intrusion

of traffic noise inte your living
quarters, see Chapter 3,

TOYS
4

'I Toya perform useful functions for TRATIN NOISE

g* children, but thelr use doea 1ot

i Justify risking a child's hearing. Alrborne noise from a train can be
B treated like traffic noise. (Chaprers
i Explogive devices such as cap and air 3 and 4). Also, see entry under
pistols are a serious hazard, now RATLROAD.

subject to regulation in many atates
For selection of quiet accomodations
The regulations, unforcunately, do ool while travelling In trains,

protect against the use of noisy toys TRUCK NOISE

in vreverberant areas, rooms with hard,

reflecting asurfacea that will permit For control of tire noise,

i the noise to build wup. It is a good

idea to veatriet the use of nolsy toys For protection of dwellings from truck
to out-of-doors, where reverberation noise, gee Chaprers 3 and 4.

and noise buildup are less 1likely to
LTLIT

ree g

VACUUM CLEANERS

PGS

Relatively quiet wmodels are now
available. Such  eleaners feature
streamlined hlower and air passage
design, vibration disolation of the
motor from the housing, and uwse of

Musical instruments, such as trumpets,
should not bhe put into the hands of
children who might carelessly blow them
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sound absorbent and vibration damping
materiala  within the  Tthousing or
canister. In canister~-type cleaners,
replacing corrugated hoses with
gmaoth~wall hoaes  may eliminate
pure-tone whistling nolses caused Dby
air-flow turbulence in the hose.

VALVES

Quiet valves are now available, Since
a valve involves the constriction of
fluid flow, it 4s always a potential
dource of noise,

A smooth flow path for the fluid should
be provided at the entrance and exits
of the valve., See Chapter 1 for deaign
of quiet flow systems. A wvalve that
gradually becomes nolsier generally hns
wory  gaskets, seals or valve seats.
Replacement of the defective part
usually alleviates the noise problem.

Reduction of water or fluld pressure
frequently lowers the noise output
gubatantially,

To prevent valve noise from heing
carried all over the house, consider
the following measures: isolate the
valve from the rest of che asystem by
mechanically flexible couplings} aveid
rigid clamping of plumbing systems to
such gounding boards as fleors and
walls; tun the piping through
sound-treated ducts.

See Chapter 2, Control of Plumbing
Noise,

VEHICLE NOISE

See entries under Traffic Noise and
under individual types of wvehicles,
such ag trucks, traing, ete.

VENTILATION SYSTEMS

See Chapter 2, Control of Heating,
Ventilating, and Alr-Conditioning
Noise,

VIBRATION
See discussions in Chapters 1 and

relative to wvibration disolation aond
cantrel of structure-borne noise,

WALLS

See Chaprer 2, Improving the Sound
Insulation of Walls.

WATER COOLERS

These have major noise sources in the
refrigeration equipment and in  the
plumbing  connections. See  entrices
under Compressor, Plumbing Noise,
Refrigerators, and Valves,

See  Chapter 2, Quicting of Large
Appliances.

WASHING MACHINES

See  entries under Plumbing  Noise,
Valves, Solenoids, apd Drain Pipes.
See Chapter 2, Quieting of Large
Appliances.

WATER NOISES

See Chapter 2, Control! of Plumbing
Nolse.

WATER HAMMER

See Chapter 2, Control of Plumbing
Naise.

Water 1s a heavy fluid; vhen its flow
is suddenly interrupted, its inerrin
will produce a sharp rise 1n pressure
at the shutoff wvalve. Sudden starting
or stopping of the flow of water gives
rise to ‘"water hammer", unless some
means of prevention is opplied. 1In
plumbing systems, an air cushion is
used to abaorb some of the shock. A
defective washer in a tap, by producing
a sharply intermitcent flow of water,
can be a potent source of water hammer,
This can be easily remedied by pucring
in a new and better fitting washer.
Gate valves are more likely to produce
water hammer than are needle and globe
valven,

Hammering can also oceur when piping
systems are loosely supported on "V
shaped wire hangera. Placing a rubber
sleeve around the pipe and clamping it
te. some solld structure will resolve
the problem,

WHISTLING NOISES

Turbulence generated by high-speed air
flow past the edge of an cbatacle
produces a whistling tope.

Such noises often occur in ducta,
dampers, ventilation garilles, on the
blades of fans, and usually around
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obatacles in the air stream that have can have the gulde apacings adjusted
sharp of ragged edges or narrow for good fit. Wind noise and rateling
restrictions. in casement windows are mere difficult

to  prevent because such windows are
Turbulence is atrongly dependent on harder to a8eal or weatherstrip

flow velocity. A slight reduction in properly.
flow wvelecity will often result in a

noticeable decrease in noise radiation, In a pinch, you can make a temporary
particularly din the high frequency grop to window rattling by foreing a
range. wedge of wood between the panel and the

window frame, or by wedging the space
See Chapter 1 on design of quiet flow between the panels of  double-hung
syatems and  Chapter 2, Contral of windows, A more satiasfactory and
Plumbing Noise. durable repair is to refit the window

sashes and install adequate

WIKDOW RATTLE weatherstripping.

If window panes rattle, look for breaoks Storm  windows provide acoustic i
in the putty. If the entire frame insulation as well as thermal :
rattles, check the adjustment of insulation and In the interest of |
aprings or weatherstripping. quiet, can be left on windows that need .
Double~hung windows in aluminum guides not be open. :
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