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PREFACE

Under the sponsorship of the Federal Housing Administration
Technical Studies Program, the National Buresu of Standards
has developed and prepared this Guide for the benefit of
architects, desipgners, contractors, builders, and housing
officials to assist them ln meeting the growing public demand
for control of the building noise problem, particularly in
multifanily dwellings.

Surveys have established that the most common complaint among
apartment dwellers where noise is involved 1s its transmission
from ene apartment to another within the building. Typical

neoise sources are televislon, radio, stereo, occupant activity,
plumbing fixtures, electro-mechanical equipment, and household
appliances. To minimize che annoying disturbance caused by these

sources, architects must have a general knowledge of the principles
of noise transmission and be able to apply proper deasign techniques

in order to provide effective contrels.

With these objectives in mind, this Guide incorporates a broad
range of criteria appropriate for isolating airborne, Impact,
and structure-borne noise associated with residential con-
struction, Sound classifications represented in the most common
types of bullding construction are identified., Alse included
are summaries of & number of foreign codes now 1n existence.

This Guide incorporates previous impact nolse research performed

by Bolt Beranek and Newman and sponsored by FHA. The FHA
Minimum Property Standards will reference this NBS Guide.
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EQREWORD

The Departwment of Housing and Urban Development
is concerned with the livability of residential
properties, Inecreasing concentration of living
units in urban areas makes nolse control imper-
ative,

Through its Technical Studies Program, the Federal
Housing Administration has sponsored research in
this area to provide guldance toward achieving a
satisfactory measure of control. This guide
presents our latest research findings.
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SOUND PRESSURE, A fluctuation superimposed on the static atmospherice
pressure by the passage of sound waves.

SOUND PRESSURE LEVEL (SPL)., Expressed in decibels, the SPL is 20 times
the logarithm to the base 10 of the ratio of the pressure of sound to
the reference pressure 0.0002 dyne per square centimeter.

SOUND TRANSMISSION, The travel or propagation of sound into a voom by
any path, direct or indirect, from a sound souvrce located outside the
room.

SOUND TRANSMISSION CLASS (STC). A single-figure rating which provides
an estimate of the alirborne sound insulating performance of building
partitions,

SOUND TRANSMISSION LOSS (STL). The decrease or attenuation in sound
energy (expressed in decibels) of airborne sound as it passes through
a building construction, In general, the transmissilon loss Llncreases
with frequency, i.e. the higher the frequency the greater the sound
transmission loss.

STRUCTURE-BORNE SOUND. Sound energy imparted directly to and transmitred

by solid materials, such as bullding structures.
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FREQUENCY, SOUND. The number of complete to-and-fro vibrations that a
spource of sound makes in one second. TFrequency 1s measured in Hertz
(cycles per second), The piltch of an audible sound depends mostly on
its Erequency.

TMPACT INSULATION CLASS (IIC), A single-figure rvating which provides
an estimate of the impact sound insulating performance of a floor-ceil-
ing assembly,

IMPACT NOISE, The noise produced by the impinging or striking of one
objeet with another, e.g. nolse caused by footateps.

INERTIA BLOCK, A massive support used in isolating equipment vibration.

The block is usually much heavier than the equipment it supports.

MASKING, The presence of a background noise increases the level to
which a sound signal must be raised in order to be heard or distin-
gulashed. If the level of background noise is significantly hipher than
that of the sound signal, for instance a sound transmitted from another
room, the transmitted sound signal cannot be heard., This effect is
known as masking.

NOISE. Unwanted sound.

PARTY WALL. A wall which separates two adjacent dwelling units within
an apartment building,

RESILIENT MOUNTING. A mounting, suspension or attachment system which
reduces or restricts the transmission of vibrational energy, e.g.
between vibrating elements and building structures,

RESONANCE, The sympathetic vibration, resounding or ringing of enclo-
sures, room surfaces, panels, ete, when excited at their natural
frequencies,

REVERBERATION. The persistence of sound within a room or enclosure
after a sound source has stopped radiating, This effect is very pro-
nounced in large, relatively empty or partially furnished rooms with
hard reflecting walle, cellings and floor surfaces,

SHORT CIRCUIT. A bypassing connection or transmission path which tends
to nullify or reduce the sound insulating performance of a building
construction or acoustical device,

SOUND. (1) The sensation of sound. (2) A branch of physics concerned
with the propagation of mechanical disturbances in matter and related
subjects, In the present context sound is originated by vibrating
bodies or aerodynamically, is propagated as an elastic disturbance at
least partly in the air, and arrives at the ear or other receiver
(microphone, ete,).

SOUND INSULATION, ISOLATION, The use of bullding materials or construc-
tions which will reduce or resist the transmission of sound.

SOUND LEAK. A hole, crack, or opening which permits the passage of
sound,
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TERMINOLOGY

The definitions of some terms used most frequently throughout this
gulde are assembled here for convenience.

ABSORBER, SOUND. A deviee, panel, or material specifically designed
to absorb sound energy. Such devices are usually constructed of porous
materials composed of organic or mineral fibers,

ACOUSTICAL DESIGN. A consideration of all factors bearing on the
achievement of a desirable acoustieal environment, including the
selection of bullding sites, orientation of buildings, space arrange-
ment within buildings, and proper selection and installation of wall and
floor assemblies, building equipment and services.

ACOUSTICAL PRIVACY. The assurance that there is sufficient insulation
from intruding and disturbing noises.

ACOUSTICAL TREATMENT, The application or use of any sound absorbers,
building materials or structures and construction techniques for pur-
poses of controlling noise and improving the acoustical enviromment,

AIRBORNE NOISE. Nolse radiated initially into and transmitted through
alr,

AMBIENT NOISE. The quiet-state noise level in a room or aspace, which is
a composite of sounds from many external sources both near and far, over
which one individually has no control,

ATTENUATION, SOUND. The reduction of the energy or intensity of sound.
AUDIBLE SOUND, Sound which is capable of being heard,

BACKGROUND NOISE. The sound level present in a room or space at any
given time above which speech, music, desired signal or sound must be
raised in order to be heard or made intelligible,

BAFFLE OR BARRIER, SOUND, A shielding structure or partition used to
increase the effective length of a sound transmission path between two
locations. Such structures often are constructed or surfaced with
sounnd absorbing materials and are frequently used to seal open plenums
above cellings or below floors.

CAULK. An elastic non~setting material used for sealing eracks, seams
and joints to prevent leakage of sound.

DECTBEL (dB)., See "SOUND PRESSURE LEVEL",

FLANKING TRANSMISSION. The tramsmisasion of sound or nolse from one room
to ancther by indireect paths, rather than direccly through an inter-
vening partition.

FLEXIBLE COUPLER. A device to prevent or reduce the transmission of
vibration, particularly between vibrating equipment and service
distribution systems Ilnvolving ductwork, piping and electrical lines,
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A GUIDE TO
AIRBORNE, IMPACT AND STRUCTURE-BORNE NOISE CONTROL
IN MULTIFAMILY DWELLINGS
CHAPTER T
INTRODUCTION

A, BACKGROUND

The accelerated growth and inereasing severity of the noise problem
in multifamily dwellings has caused considerable concern not only among
apartment occupants and owners, but also among investors, real estate
interests and governmental agencles.

The current building trend toward lightweight structures, the
increasing concentration of dwellings in urban areas, and the increasing
nelsiness of our environment have led to a growing number of complaints
to the FHA of inadequate sound insulation in multifamily dwellingas.
People have become aware of the noise problem and are more sophisticated
in thelr appreciation of the benefits which careful attention to noise
control can provide; therefore, they expect and demand more privacy in
their homes and greater freedom from the intrusion of noise from neigh-
boring dwellings,

Alchough the building fndustry takes pride in its remarkable
achlievements, conventional huilding techniques have produced seme of the
nolsiest buildings in existence.

" Major property management firms report that noise transmission is

" one of the most serious problems facing managera of apartment buildinga

throughout the country, Managers and owners of apartments readily admit
that market resistance 1s not only increasing as a result of excessive

noise transmission, but that lack of both acoustical privacy and noise
ontrol are the greatest drawbacks to apartment living,

The basic causes of the noise problem and the major reasons for
complaints are due primarily to the following factors:

1., Lightweight Building Structures: TFor reasons of economy and
space-saving, bullders are using thinner, lightweight partition walls
and floor-celling assemblies which provide substantially less sound
insulation than their more massive counterparts of the past.

2. Poor Acoustiecal Design: The selection of a bullding site, the
orientation of the bullding structure, and the design and/or layout of
interior rooms or spaces without regard to nolse sources or to separation
of nolgy areas from those requiring privacy usually result in or
intensify nolse problems. Although ignorance of noise control principles
is the chief cause of the above oversights, the use of good Judgment in
building design would avert such problems in many cases.

3. Poor Workmanship: Much too frequently the planned sound insula-
ting performance of highly rated wall and floor assemblies 1s nullified
by careless work by the tradesmen or building comstructors, Improper
sealing of large cracks, holes, and airlesks around wall and floor edges,
cabinet and fixture installations, ducts, piping or conduit penatrations
constitute serious sound leaks, Such leaks are frequently concealed
behind thin cover plates, molding or trim work which unfortunately are

1-1
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ineffective nolse barriers,

4., Mechanization: The increasing use of labor-saving devices and
mechanical appliances such as dishwashers, garbage disposals, vacuum
cleaners, air conditioners, televisions, and stereo sets has raised the
background noise level, Further, the progress in mechanization con-
tinues te outrun advances in the technoleogy of machinery nolse control,

5, High-~Rise Apartments: The current trend toward construction of
high-density apartment buildings has resulted in a greater concentration
of people in a much smaller area. Increasing famlly concentration
results in greater interfamily friction, unless appropriate counter-
measures are taken, High population density was an important factor in
the early adoption of noise control requirements in European building
codes,

6. Improper Tenant Placement: Failure to place tenants properly
often gives rise to noise complaints even in dwellings with adequate
sound insulation.

7. Increasing Desire for Privacy: The glamour and convenience of
high-rise, town-house apartments are attracting families from suburban
aveas in growing numbers, Many of these families, who have enjoyed the
peace and quiet of living in private homes, now find the noise environ-
ment of apartment living Intolerable; they expect and demand a degree
of peace and privacy comparable to their former enviromment.

B, Inadequate Education, Training ond Research: Inadequate educa-
tion and research are the underlying causes of the noise problem describ-
ed above, Although the problem is nationwide and as important te the
economy as te the well-being of the citizens, the government has failed
to conduct or to support adequate educational or research programs in
acousties and noise control.

The few acoustical laboratories supported by the government are
relatively small and of limited use, In some cases they are obsoleta
by present standards, particularly in the fleld of architectural
acoustics. Although some work in noise control is being conducted by
the government, industries and technical universicles, the total effort
expended and the number of skilled scientists and technicians engaged in
this work are too small.

The failure of our technlcal colleges and universitles to provide
comprehensive training in acoustics and noise control haes resulted in a
gsevere shortage of acoustical engineers. Unless such training is made
widely available and required of people engaged in the manufacture of
mechanical equipment and appliances, and those associated with the build-
ing industry, city planning and transportation systems, progress in over-
coming the national nolse problem will be very slow indeed.

The most prevalent noise complaints among apartment dwellers involve
the transmission of noise originating inside the building. Typiecal
noise sources are television, radio or stereo sets, occupant activity,
plumbing fixtures, electro-mechanical equipment and houschold appliances,
as illustrated in Figure 1.1,

1-2

A e it



A et et S A o T

DI T Py T %_‘.:;;.:;t‘.s:ﬁq

Fig. 1.1l. Commen Indcor Sources of Noisa.

Surprisingly, the frequancy of complaints appears to be indapsandent
of income bracket in virtually all typas of apartment bulldings, includ-
ing high-rise as well as low-story garden~typa apartments., Luxury,
middle and low income apartments reglister approximately the same number
of complaints because most of the buildings utilize the same type of
wall and floor assemblies. This fact clearly demonstrates that builders
and architects do not consider privacy and qulet surroundings as neces-
sities, much less luxuries.

The causes of most nolse problems In multifamily dwellings origil-
nate in the early design stages of the buildings because of the archi-
tect's lack of concern about noizse problems and his failure to foresee
vhere and under what circumstances noise might be a problem,

Most people will agree that what pleases one's senses enhances one's
comfort. Oddly enough, a peaceful and relaxing enviromnmant apparently
15 not recognized as essential to comfort, judging from the fact that it
is lacking in a high percentage of buildings. Obviously, we are
approaching the time when architects must pay adequate attention to
acoustical pxoblems,

1-3
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B. COST OF SOUND INSULATION

The ouner of an apartment development 1s In a highly competitive
market; cost largely determines the amount of sound insulation or noise
control that he can install, Unfortunately, there is relatively little
reliable infermation on which to base an estimate of the additional cost
involved in constructing buildings with adequate sound insulation. How-
ever, some estimates indicate that the additional expenses for the
acoustical design and treatment of new bulildings might range from 2% to
10% of the total cost of the bullding, depending on geographic area,
labor market and other economiec factors,

While many architects and bullders might consider such cost much too
high, they should recall that thelr predecessors volced the same eriti-
clasm relative to central heating and air conditioning. Despite their
high costs, central heating and air conditioning are considered to be
necessities not only in office buildings but in homes and indeed auto-
mobiles as well, Judging from the inereasing public demand for immediate
legislation for the adoption and enforcement of anti-noise ordinances and
sound insulation criteria, particularly in multifamily dwellings, sound
insulated buildings are now regarded as a necessity for which the public
is willing to pay a premium,

One point which can not be overemphasized is that a substantial
degree of sound insulation can be purchased at relatively little cost
through good planning and design, as discussed in Chapter 5. Proper
selection of building site, building orientation and equipment, and
careful design of space layout contribute substantially toward achiev-
ing good sound insulation at little cost.

Although sound insulating construetion will add to building costs,
the expenses of correcting acoustical mistakes usually are several-fold
higher. 1In some instances, there may be no solutlon short of major,
extensive and prohibitively costly overhaul of the building Iinterior, for
example, redesign and installation of heating and air-conditioning
systems and/or partition wall and floor assemblies,

Perhaps the highest price that an architect, bullder, investor or
owner might pay for an acoustically inferior building is expressed in
terms of loss of reputation and public confidence and loss of profit for
all parties concerned,

C. TFHA's CONCERN

Through the development and preparation of this Guide, FHA has taken
the initiative in providing architects, designers, contractors, builders
and public housing cofficials with needed assistance in meeting the grow-
ing public demand for control of the entire building noise problem,
particularly with respect to multifamily dwellings.

The problem is primarily one of noise transmission from one apart-
ment unit to another within the same building, although the problem of
intruding noise f£rom outdoor sources such as alrcraft and craffic can
by no means be dismissed as trivial. If a certaln measure of success is
to be achieved in reducing the nolse transmission in buildings, the
problem must be approached methodically, A general knowledge of the
principles of noise transmission and methods of control should enable
one to deal with most noise problems which come his way.

1-4
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CHAPTER 2
GENERAL PRINCIPLES OF SOUND TRANSMISSTON
Generally speaking, sound is generated by wvibrating bodies, More

gpecifically, it is the result of vibration of the particles of some
elastic medium or substance, which may be solid or f£luid, When the
particles are disturbed or displacéd by some vibratory force or impulse
they collide with the particles adjacent to them, which in turn transmit
motion to other particles. Although the individual vibrating particles
do not change their average positions of equilibrium, the vibratory dis-
placement of the particles is sufficient to cause contact with surround-
ing particles, In this manner the disturbance may be propagated rapidly
in many directions and over great distances in the medium and adjoining
media, A good Illustration of this effect is the mamner in which the
impulse from a cue ball is transmitted through a closely-packed straight
line of billiard balls, from one end to the other., Ancother example is
the manner in which the starting jerk of a vrallroad train progresses
successively from the first car te the last,

Vibratory transmission of this type may occur in any elastic medium

or substance, whether it is solid such as wood, metal, soll, masonry, or
a fluid like air or water, Because such materials possess sufficient
elasticity (the property of promptly recovering original dimensions upon
unloading) they are prone to vibratory excitation, Most huilding
materials are sufficlently elastic to transmit vibrations readily and
therefore are poor insulators of sound, Limp materials like soft putty,
lead, leather or fabrics, on the other hand, are poor conductors of
vibration because their elastiecity 1s low,

The vibration of a building structure may be caused easily by the

operation of equipment producing any one or a combination of the follow-
ing types of motion.

(a)
(b)
(e)

(4)

(e)
(£)

Rotation; e.,g., motors, fans, blowers, gear trains.

Reciprocation; e.g., pumps, agitators, pilston engines, compressors,
Expansion and contraction; e.,g., heating and plumbing, duct and
pipe systems.

Turbulence; e.g., pressure fluctuations or disturbances caused by
the flow of alr or water in ventilation, heating and plumbing
systems.

Oseillation or pulsation; e,g., loudspeakers, musical instruments,
vibrators.

Impaction and Detonation; e,g., door slams, falling objects, sonic
booms, thunder, furnace ignition,

Frequently, several types of motion may be involved in the gener-

ation of noise. TFor example, in a plumbing system a combination of
motor and pump vibration aleng with water turbulence may exclte support-
ing wall structures into vibration, which in turn radiate noise,

The vibration of the wall or the sound pressure fluctuations in the

air can be easily measured, recorded and displayed by senmsitive equip-
ment involving microphones, vibration pickups, sound level meters,
recorders and oscilloscopes, Observations using such instrumentation
are usually described as being objective since they reveal or attempt
to measure some physical property or characteristic of the sound or

2-1
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vibration, such as its frequency, amplitude of vibration, intensity
and sound pressure,

In addition to a basic undetstanding of how sound or vibration is
propagated in a material, a better knowledge of the other properties of
sound and its transmission characteristics, especially in air, is
required before one can cope successfully with the problems of nolse
control. Seome of the more important facts te remember are:

1. A sound wave in open air travels radially in all directions at a
speed of approximately 1100 feet per second, with a wave front that is
usually spherical in shape,

2. The intensity of a sound wave in open air falls off inversely as the
square of the distance from a point source, i.e. there is a drep of
about 6 dB with cach doubling of the distance from the source,

3. In hard-surfaced unfurnished rooms, ordinary sound may build up to
annoylng levels and may be distorted by excessive reverberation due to
the multiple reflections of the sound waves. For this reason, noise
from conversation and foot traffic in reverberant hallways is much louder
than in open areas outside of the building.

4, Alrborne sound penetrates more readily through light porous materials
and lightweipght structures than through heavy, massive masonry materials
or structures.

5. The direction of propagation of a sound wave may by changed by
reflection from wall or other bullding surfaces. This explains why
nolse 15 often transmicted great distances in long winding corridors or
duct systems,

6, Sound travels easily through small cracks and openings such as those
normally found under doors and around windows.

7. Mechanical energy Erom an impacting body or a vibrating source, which
1s imparted directly to a solid structure, travels at a higher speed,
wich less attenuation and geperally over a much longer discance than an
airborne sound wave of the same inltial energy. For example, in water
the speed of sound is about 5000 feet per second, while in materials such
as wood, metal or stone, the speed of sound may be as high as 12,000 to
20,000 feet per second.

8. The attenvation of sound with distance in solid materials is
surprisingly low. In wood, for example, the rate of attenuation may be
as low as 1 dB per 100 feet and for certain metals as low as 1 dB per
3,000 feet, Ordinarily, the attenuation of sound in actual building
structures is usually much higher because of discontinuities in
construction, divergent transmission paths and the mechanical coupling

of building materisls with different densities, weights, stiffnesses or
other physical properties,

9, Generally apeaking, for amy given type of construction, the heavier
or more magsive the wall or floor structure, the better its sound
insulation.

10, As a rule of thumb, most wall and floor structures are much better
sound insulators at the higher frequencies than at the lewer frequencies,

Along with a basic knowledge of the prineiples of sound generation
and propagation, the architect and builder should have a general under-
standing of the subjective or human response to noise, Trom a psycho-
logical point of view, it 1s mest natural for people to feel quite

2-2
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comfortable in an environment with a low level, soothing, steady,

unobtrusive sort of ambient noise, which is typical of the natural

undisturbed environment, On the other hand, a complete absence of nolse,

a state approaching the deathlike stillnessg of a tomb, may be as dis-

turbing, unnerving and oppressive to mest people as the shriek of a fire

siren, the squeal of brakes or the blare of an automobile horn, Although
these limits are rather extreme, the important point is that mest people
prefer some nolse as copposed to not enough neise or too much nolse.

Hence, the acoustical design objective at which the architect should aim

is one which approaches the natural noise environment such as found along

gecluded beaches, forests or quiet countrysides,

A person's reaction to nolse may vary from day to day, depending
primarily upon his immediate state of mind, dispesition, temperament,
health or activities and the type, quality and intensity of the noise.
Under normal circumstances most people Eind that:

(&) high pitched noises are more disturbing than noises of lower piteh;
the normal human ear generally responds to sounda in the frequency
range from 20 to 20,000 Hz, approximately,

(b) the louder the noise the more likely it is ro be disturbing,

(c) 1intermittent, irregular, impulsive or impact noises are more dis-
traccing than a steady-state noilse,

(d) the longer the time of one's exposure to a disturbing noise the
more irritating it becomes.

Most paople will describe changes In sound preassure levels along
the follewing lines:

A 3 dB increase Iin lavel is barely perceptible, a 5 dB gain is
quite noticeable, whereas a rise of 10 dB 1s described as being dramatic
or abhout twice as loud,
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CHAPTER 3
CLASSIFICATION OF NOISE

Generally speaking, bullding noise may be classified according teo
its origin, as either alrborne, structure-borne or a combination of both.
Under certain circumstances, airborne nolse may produce structure-borne
noise which in turn may be reradiated again as alrborne noise. Beth
types of nolse cause pressure fluctuations in the surrounding air which
are percelved by the ear as sound. Other than by positive identification
of a sound, e.g, plano playing and speech or the detection of vibrating
floors or rattling windows, the ear cannot easily differentiate between
noises of alrborne and structure-borne origin.

Alrborne Noise,

Most of us are quite familiar with airberne neise since we are ex-
posed to it day by day, It is exemplified by the drome of the aircraft
flying overhead, the blare of an auto horn, the volces of children or
the music from our stereo sets, In short, it is the noilse produced by
a source which radiates directly into the alr, Alrborne sound waves are
transmitted simply as pressure fluctuations in the open alr ox along
continuous alr passages such as corridors and duct systems. If a
barrier such as a wall is in the path of the alrborne sound wave, the
action of the fluctuating sound pressure against one side of the wall
causes it to vibrate. Thus the sound is transmitted to the other side
of the wall from which it is recradiated as airborne sound waves, Some
of the vibrational energy of the wall is transmitted structurally to
other parts of the building where it eventually emerges as alrborne
sound, The wall itself becomes a secondary radiator of airborne sound
and a tranemitter of structure-borne sound., Although structure-borne
sound transmission may be invelved in this process, the entire sound
transmission sequence would be classified as airborne simply because
the initial sound was ailrborne, The disturbing influences of airborne
noise generally are limited to the areas near the source. This is due
to the fact that ailrborne noises usually are of much smaller power and
are more easily attenuated than structure-borne noises. Tor exomple,
the sound frem 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 doors or passage ways are open. Sound sbsorptive
treatment in the form of earpeting, drapery and upholstered furniture in
the intervening areas may often provide a2 signiflcant reduction in the
disturbing noise level before it reaches rooms where privacy is desired.

Structure~-Borne Noise.

Structure-borne noise occurs when wall, floor or other building
elements are set into vibratory motion by direct mechanical contact with
vibrating sources such as mechanical equipment or domestic appliances.
This mechanical energy is transmitted throughout the building structure to
other wall and floer assemblies with large surface areas, which in turn
are forced into vibration, These vibrating surfaces, which behave some-
what like the soundboard of a pilano, reradiate the vibrational energy as
airborne nolse into adjacent areas,

The intensity of structure-borne noise generally is much higher
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than that produced by a wall or floor structure which has been excilted

by an .airborne sound wave. Unlike sound propagated in air, the vibra-
tions are transmitted raplidly with very little attenuation over long
distances throughout the building structures, Quite frequently these
vibrations are short in duration, as those caused by slamming doors and
£alling objects, Other vibratory motions may persist for long perieds,
ag those associated with the operation of alr conditioners or washing
machines., The operation of such mechanlcal equipment may set wall and
floor structures into intense low frequency vibratilon, which is physi-
cally felt or sensed as a pulsating, throbbing or quivering motion,
Poorly balanced fans, motors, compressors, disposals or washing machine
tumblers frequently give rise to a peviodic or vibratory motion of this
kind, 1If the vibration is severe enough it may have adverse effects not
only on the occupants of a building but also on the building structure as
well. 1In such instances, occupants may become not only extremely annoyed
with walking or standing on vibrating floors but also fearful of damage
to or failure of structural components of the building. In less severe
cases, the vibration may manifest itself in the rattiing of dishes,
bric-a-brac, window panes or plctures., Occupants of homes and apartments
frequently experience this sort of vibration as large heavily loaded
trucks are driven past their dwellings.

It might be well to consider briefly the so-called '"sounding board
effect”, a reinforcement or amplificatien of sound, which so frequently
is involved in the radiation of structure-borne noise. Generally speak-
ing, the efficiency of a sound radiator varies directly with the ratio of
its surface area dimensions to the wavelength of sound. A sound source
with a small radiating surface, such as & water pipe, produces relatively
little airborne sound; but on the other hand, it will radiate higher
frequency sounds mere efficiently than lower frequency sounds, all other
factors being equal, If a small vibrating source, which by itsgelf
radiates little airborne noise, is rigidly or mechanically coupled to a
large surface such as plywood or gypsum wall panel, the intensity or
volume of sound will be substantially reinforced or amplified. A piano
provides a better illustration of this effect. If we were to remove the
soundboard of a plano, the sound generated by the vibrating strings
would be almost inaudible, because of the small radiating surface areas
of the strings. The sound produced by the vibrating strings is amplified
by virtue of thelr bearing upon the bridge attached to the soundboard
which has a large radiating surface, Thus we see that decoupling
vibrating sources from potential soundbeoards such as wall or floor
surfaces, can be quite effective in the control of structure-borne neise,

Combination of Airborne and Structure-Borne Noise,

A third type of noise source to be considered is one which generates
both airborne and structure-borne noise simultaneocusly. This type of
nolse source is by far the most common, and perhaps the only type of
source to be found. Sources, which are usually considered to be strictly
alrborne nolse generators, may generate a substantlial amount of structure-
borne noise and vibration, 1f they are mechanically coupled to wall and
floor structures. For example, a high-power loudspeaker built into a
wall enclosure might cause not only the wall to vibrate but perhaps the
rafters ns well. Every noilse source has vibrating elements which
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radiate nolse. A window air conditioner, for example, suspended in mid-
air would produce a substantial amount of airborne noise; however, when
the unit i1s mounted in a conventional manner, & combination of both
structure-borne and airborne noise of greater Latensity 1s produced.
Occasionally, a nolse source may produce vibrations so low In frequency
that they can be felt but not heard., In some instances, such a source
may induce a wall or floor structure to resonate at its own natural
frequency, which may be in the audible range, Thus, the low frequency
drone of a passing alrplane may cause a wall or window to resonate at a
higher frequency than that radiated by the plane itself.
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CHAPTER 4
FLANKING TRANSMISSION OF AIRBORNE AND STRUCTURE-BORNE NOISE

The transmission of nolse from one completely enclosed room to an
adjoining room separated by a continuous Intervening partition wall may
be elther direct transmission through that wall or indirect transmission
through other walls, ceilings and floora common to both rooms or through
corridors adjacent to such rooms, This neise transmission by indirect
paths is known as "flanking transmission'. Quite frequently one is faced
with a nolse transmission problem which invelves a combination of both
direct and indirect transmission paths, where the latter may be the more
serious offender. Such indirect or f£lanking transmission commonly occurs
with structure-borne as well as airborne noise,

Airborne Flanking Noise.

The chief flanking transmission paths of alrborne nolse between two
adjacent rooms usually involve: common corridors, ventilation grilles,
duct systems, open ceiling plenums which span both rooms, louvered doors
and close spacing of windows between rooms. In addition to the flanking
paths, there may be noise leaks particularly along the ceiling, floor
and side wall edges of the partition wall. Also, noige leaks may occur
frequently around pipe and conduit penetrations, back-to-back instal-
lations of cabinets and electrical ocutlets in the partition wall. Im-
perfect workmanship may regult in serious noise leaks, e,g. poor mortar
joints in masonry core-walls which often are concealed behind furred
walls, panels or bullt-in cabinets,

Obviously, it is not economical to select highly efficient sound
insulating partition walls and later iInadvertently short eircuit their
efficiency with noise leaks and flanking paths, as i1llustrated in
Figure 4,1, Such noise problems can be prevented by thoughtful planning
in the early stage of the bulilding design and close supervision with
proper attention to small details during the construction stage,

Structure-Borne Flanking Noilse,

Flanking transmission paths of structure-borne noises, as Iillustrated
in Figure 4,2, are far more numerous and much more difficult to trace or
detect than those of airborne noilses, The detectlion, cause and correction
of strueture-horne vibration or noise transmisslon between adjacent rooms
are relatively simple, However, determining the reasons for excesslvely
high noise or vibration levels in rooms far removed from noise sources
can be difficult and vexing.

Noise and vibration preoduecing equipment such as fans, compressors,
pumps, ventilation and plumbing systems readily communicate their vibra-
tional energy to the building structure if no precautionary measures are
taken. The vibration travels quickly over long distances through the
skeletal building structure with no appreciable attenuation, especially
when the vibrating source or equipment is rigidly attached to the struec-
ture by improper mounting of the source or incorrect installation of
plping, condults or assceiated distribution lines.
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FLANKING NOISE PATHS NOISE LEAKS
FL OPEN PLEKUMS OVER WALLS, FALSE CEILINGS L1 POOR SEALAT CEILING [DGES
F2 UNBAFFLED DUCT RUNS L2 POOR SEAL AROUND DUCT PENETRATIONS
F3 DUTDOOR PATH, WINBOW TO WIKDOW L3 PCOR MORTAR JOINTS, POROUS MASCNRY ALK
FA CONTIHUQLS UNBAFFLED INDUCTOR LINITS L& POOR SEAL AT 510RWALL, FILLER PANSLETC
5 HALL PAFH, OPEN VENTS L5 BACK 10 BALK CABINETS, POOR WORKMANSHIP
F§ HALL PATH, LOUVZRID DOORS Lb HOLES, GAPS AT WALL PINETHATIONS
F7 HALL PATH, OPENINGS UNDIR DOORS L7 POOR S§AL AT FLOOR EDLES
FB QPEN TROUGHS IN FRDOR-CEILING STRUCTURE L8 BACK TO BACK ELECTRICAL OUTLETS

L9 NOLES, GAPS AT FLOOR PENETRATIONS

CTHER POINTS 10 CONSIDER, RE: LEAKS ARL (A} BATTEN STRIP AJD POST CONNECTIONS OF PREFABRICATIO
WALLS, 15) UNDLR FLOOR PIPCOR SERVICL CHASES, 1C) RECESSED, SPARNING LIGHT FIXTURES, LD) CLILING
& FLOOR COVER PLATES OF MOVABLE WALLS, {£) UNSUPPORITD AJD UNBACKED WALL JOARD JOINTS IR EDCES
:‘::L(;KINB OF BUILT-EN CABINETS & APPLIANCES, (Gi PREFABRICATED, HOLLOW METAL, IXTERICR CURTAIN

Fig. 4.1, Flanking Transmission of Airborne Noise,

Obviously, the primary flanking path of structure-borne noise or
vibration 1s the skeletal building structure, i,e, the external and load-
bearing walls as well as other structural supporting columns., The vibra-
tiocnal energy in the skeletal frame is transmitted to all other wall and
floor constructions which in turn become the secondary flanking paths,
While this might logically define the overall flanking transmission path,
the difficulty in resolving a vibrational problem arises in determining
the specific flanking paths and identifying the operating equipment at
fault,

Interruption of the flanking path with some form of discontinuous
structure or decoupling technique is the only effective way to reduce
vibratory transmission, Discontinuous construction of load-bearing walls
and structural floors 1s difficult to achieve In practice, because such
structures require support, and as a consequence the discontinuity faills
or i3 short-circuired at the points of support. However, certain con-
atruction techniques can be applied which provide an effective degree of
discontinuity as well as the required structural support. Such tech-
niques are discussed and illustrated in subsaquent chapters.
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CHAPTER 5
GENERAL PRINCIPLES OF NOISE CONTROL

The most effective approach to the problem of ensuring that a
building will have adequate noige control begins with a careful and
methodical consideration of all the acoustical design elements during
the early planning stage of the building. The important design elements
that the architect should consider are listed and discussed below. For
obvious reasons, the first factors that should be consldered are the
selection of a quiet building site and the proper orientation of the
building on the site in an attempt to alleviate the problem of cutdcor
nolse disturbance.

A. Selection of Site E. Building Equipment I, ZEducation

B, Orientation of F, Control of Noise and
Building on Site at the Source Training

C., Room and Space G. Selection of Sound J. Supervision
Arrangement Insulating Structures K, DPretesting

D, Tenant Placement H., Sound Absorption

&, SELECTION OF SITE

1. Zoning and ecity plenuning authoricies should be consulted for
assurance that the building site has and will ratain a residentiasl rating.
Ap a result of future rezoning or other eivil planning action, suitable
sltes are frequently cngulfed by industrial park areas, traffic arteries
or aircraft flight patterns.

2. A detailed study of the building site should be made, partic-
ularly with respect to the location of potential sources of noisc, such
as ajrfields, industrial plaunts, railroads and traffic arteries. WNoige
surveys should be made on the proposaed building site located near such
noigse sources in order to evaluate the noise environment, Sites near
large commercial or military airfields should be avoided completely,

3, Sites whieh have good natural landscaping, sucli as rolling
terrain with a good stand of trees, generally provide more acoustical
shielding than sites located in hollows or on f£lat open ground, as
illustraced in Figures 5.1 through 5.4, -

4. Avoid selecting a huilding site which is directly opposite a
large existing or proposed building, especially 1f an expressway sepa-
rates the sites. The reflections of sound waves between opposing build-
ings generally increase the nolse levels, as 1llustrated in Figure 5.5,

5., Building sites near hills or junctions of main traffic arteries
are particularly noisy, due to accelerating, decelerating and braking
vehicles, as shown in Figures 5.6 and 5,7, If the road happens to be a
maln truclk route, the nolse may become intolerable.

6. If a building must be erected near a busy street or other source
of nolse, a site which is acoustically shielded by buildings or other
barriers is to be preferred., See Figures 5.8 and 5.9.

7. In selecting bullding sites located near expreasways, preference
should be given to those sites on the upwind or windward side of the
expressway as opposed to the leeward side, At a large distance from a
noise source the upwind side generally is quieter than the downwind aide.
See Figure 5.10.
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Fig, 5.1, Use of Natural Noise Barriers.
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Fig. 5.1. Hoilse Reduction
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Fig. 5.4, An Example of a Poeor Bullding Site.
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Fig. 5.5. Building Sites near Traffic Arteries
and other Buildings.
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Fig. 5.6. “HYse of Various Noise Barriers. Fig, 5.9. Use of Buildings as
Noise Barriers.

WIND DIRLCTION

UPWIKD BUILDING SHFL IS LESS NOISY
THAN A DOWNWIND S)IT.

Fig. 5.10. Seclection of Building Sites
Relative ro Wind Direction.

B, ORIENTATION OF BUILDING ON SITE

1. Builldings shoull be located so as to take full advantage of any
acoustical shielding provided by the existing terrain, natural landscap-
ing or wooded areas of the building site.

2., Buildings should be located as far as possible from the source
of greatest noise.

3. In large apartment developments, buildings should be arranged
so that as many dwelling units as possible are shielded from highway
traffic noise or other sources of noise. See Figure 5.11, B and C.

4. On a building site which fronts on an expressway, the bullding
should be oriented so that the long axis eof the buillding is perpendicular
to the expressway.
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5. If a cluster of buildings is to be erected on a site, a random,
splayed or staggered building layout should be adopted, preferably with
no bulldings parallel to each other, 1In such instances thoughtful design
and layout of curved buildings may be beneficial. See Figure 5.11,

C, D and F.

6. In a large apartment development, access roads must be carefully
designed and arranged to prevent formaticen of a waln traffic artery
through the development,

7. In U shaped buildings, the court areas tend to be quite rever-
berant and noisy, particularly if they are used as recreation areas or
face traffic arteries. Therefore, such buildings should be oriented
judiciously, as illustrated in Figure 5.11, A and E.

[Fredimzigy

Fig. 5.11, Crientation of Buildings on Sites,

C. ROOM AND SPACE ARRANGEMENT

1. Since moit buildings are barriers to external noise they may
have a noisy gside and a quilet side. Noisy areas such as cquipment rooms,
recreation rooms and kitchens should be lecated on the noisy side of
the building.

2. Obviously it is good practice to lecate noise producing areas
such as garages, elevators, equipment and laundry rooms at cne end of
the butlding far removed from dwelling aveas, rather than in some central
location which is often chosen for accessibility.
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3. Within Individual dwelling units, areas which are likely to be
noisy should be as far as possible from those that require quiet,

4. The room layout of adjacent dwelling units should be planned so
that the party walls and floors separate similar functionzl spaces. For
example, partition walls and floors between dwelling units should
separate the bedrooms of one dwelling from the bedrecoms of the other
dwelling, rather than separate a bedroom of one dwelling from the living
room or recreation room of the adjacent apartment. This may be achieved
Ly using a mirror-image layout on a given floor level and a projected
image of the first floor plan on all other floor levels, i.e, rooms of
similar use should be stacked one above another in the vertical direction,

5., In the construction of two-story garden-type apartments, it Is
advantageous to use the town-house or row-house design concept where the
bedrooms of each dwelling unit are located on the upper floor. This
practice largely circumvents the problem of ifmpact noise transmisaiom
through £loor structures, which is so commonly found in multistory
apartments.

6., In situations requiring the separation of relatively noilsy areaa
from quiet areas, the use of buffer zones such as hallways, dressing
rooms and closets with solid-core doors is recommended. The additional
alr space, enclosing walls and doors of such spaces provide a substantial
increase in sound insulation.

Two apartment plans employing the above principles are illustrated

in Figure 5.12.

D. TENANT PLACEMENT

Failure to place tenants properly often gives rise to nolse com-
plaints even in dwellings with adequate sound Insulation, An intelligent
landlord selects and places tenants on the basis of age group, working
hours, family size and other similar factors so that tenants with similar
living habits are grouped together, Two and three bedroom apartment
units should be located adjacent to, or stacked directly above apartment
unite with the same number of bedrooms. For example, avold locating a
three bedroom unit, which might be occupied by a large family, above a
one bedroom unit occupled by a retired couple., This arrvangement would
be likely to present some nolse problems. Consequently, single bedroom
units should be located at one end of the building and multiple bedroom
units at the other end; or one bedroom units should be located on the
vpper floors of the building and multiple bedroom units on the lower
floors.

£, BUILDING EQUIPMENT

The prevention or reduction of noise transmission from the electro-
mechanical equipment of a building is dependent primarily on all three
of the following factors,

1. Proper selection; If there is a cholce of several types or
models of bulilding equipment which meet the particular service needs
or the building requirements, the architect or engineer should select the
equipment with the lowest sound power output rating provided by the
manufacturers, If such ratings are not available, the architeet should
make inquiries concerning the noise output of such equipment and, Lf
possible, investigate installations in which guch equipment is
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operational to evaluate the noise radiation.
ment is somewhat more expensive, but the acoustical treatment required
to correct problems resulting from nolsy equipment invariably turns out
to be far more costly then an initially quiet inatallation.

Sound conditioned equip-
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Fig. 5.12. Examples of Wall-Planned Buildings in which Quiet Areas are
Sepurated from Nolsy Areas.
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2. Proper location: Unfortunately, the use of sound conditioned
equipment, though necessary, is not sufficient to avert all potential
noise transmission problems, Such equipment is still relatively noisy,
and depending on the size and number of machines in operation, the
resulting noise levels in the equipment room may be excessively high.
Thus, equipment rooms should not be located adjacent to or near dwelling
units, Instead, they should be located at the lewest building (basement
or grade) level and preferably at that end of the building farchest
removed from the dwelling areas. It is advantageous to surround equip-
ment rooms with storage areas, hallways, elevator and ventilation shafts
which act as buffer zones to provide additional acoustical shielding and
sound isolation. Apartment units should not be located above or next
to an equipment room, unless extreme precautionary measures are taken,
such as the use of specialized discontinuous or double-shell consgtruetion
of wall, floor and ceiling structures in the equipment room. Thias is
particularly important in high-vise apartments which house equipment of
great power, Freguently, it is far more economical to house the large
mechanical equipment assoclated with high-rise apartments in a separate
building of masonry and windowless construction, than to resort to the
expenaive and speclalized construction required for in-house location,

3, Proper Installation: All the work and effort expended in
selecting the proper equipment and its location will be wasted 1f the
equipment and assoclated service and distribution systems are not In-
stalled properly. Indeed, improper installations frequently increase
equipment nolse output. This phenomenon arises when vibrating equipment
and assoclated systems are mounted directly to buillding structures which
reinforce or amplify the machinery noilse to a level above that which the
equipment by itself is capable of radiating, The only effective way of
coping with this problem is by using resilient separation or vibration
isolators in the mounting, support and attachment of all such equipment
and distribution systems, The importance of vibration isolation in the
control of equipment noise cannot be overemphasized.

F, CONTROL OF NOISE AT THE SQURCE

The first stage of nolse control is the contrel of nolse at its
source. Obviously, when the neoise output of a source is low, there will
be less noilse radiated and transmitted to ocher areas of the building;
this is especinlly true in the case of structure-borne noise, If
attempts to quiet the source are not completely successful, them correc-
tive measures involving vibration isolation and/or specialized construce
tion techniques should be used as near to the source as is practicable,

The preceding section dealt In part with the contrel of equipment
room noise In a building. There are many other nolse sources scattered
throughout an apartment building, such as loundry appliances, exhaust
fans, roof-mounted ventilation fans, transformer units, household
appliances, plumbing fixtures, elevators, garages and trash chutes,
Problems assoclated with such scurces can be minimized if the builder
selects quiet units and uses vibracion isolation mounting techniques to
prevent any noise buildup. Defective components should be replaced and
loose or rattling parts tightened or braced.
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G. SELECTION OF SOUND INSULATING STRUCTURES

After the foregoing design elements have been considered and incor-
porated as effectively as possible in the building plans, the architect
should concentrate on the selection of the sound insulating wall and
floor structures which will achieve the desired privacy between dwell-
ing units. Aside from economic factors, the choice of suitable wall or
floor assemblies will depend largely on the type of bullding structure,
i.e. masonry, steel or light frame construction. Regardless of the type
of construction, the architect should remember that the sound insulating
effectiveness of a wall or floor assembly is dependent upon the following
factors.

(a) Mass,

(b) Stiffneas.

(e) Discontinulty in construccion,

(d)} Proper installation, particularly with regard to edge and boundary
conditions.

{e) Elimination of noise leaks, cspecially around perimeter edges,
joints and penetrations of walls and floors.

(€) Control of flanking noise,

(g) The use of sound absorbent material in the volds or cavities in
structures of discontinuous or double-shell construction.

Generally speaking, the greater the mass of a structure, the less
likely it will be excited into vibration by ineident airborne or
structure~borne sound energy; thus, there will be less sound transmis- :
slon through the structure, Similarly, the greater the degree of dis- !
continuous or resilient type construction, the higher the sound insu-
lating efficlency of the structure, Likewise, effective control of
noise leaks and flanking paths will result in better sound insulation.
Proper installation of the struecture and the judicious use of sound
absorbent materials are alsc lmportant details to remember.

The architect is cautioned again that the uge of a good sound
insulating strueture itself gives no assurance of achieving the desired
noise privacy unless the above factors are handled properly.

H. SOUND ABSORPTION

Sound absorbing materials such as acoustical tile, carpets and
drapery play an indispensible part in controlling noise generated within
a room or in reverberant areas such as lobbies, corridors and stalrcases,
Although such materials are highly effective as sound absorbers, they
are relatively poor sound insulators because of their soft, porous and
lightweight construetion. In short, they tranamit nolse very easily
To illustrate this point, Imagine a wall constructed sclely of acous-
tical tile, carpet or drapery material, Such a wall would provide X
virtually no reslstance to the passage of sound through it. Thus,
acoustical materials are nok a cure for sound insulation. This, of
course, is contrary to the bullding practices and mistaken beliefs which
over the years have held that acoustical tile is the panacea for any and
all building noise problems, Unfortunately, this sort of thinking still
persists In the building industry and i1s largely responsible for many
acoustically inferlor and noisy buildings found teoday.
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WARNING! Under no conditions should acoustical materials be uged on
the surfaces of walls and ceilings for the sole purpose of preventing the
transmission of sound through such structures; to do so would result in
total fallure and a complete waste of money.

Acougstical materials should be used In and near areas of high noise
levels. They are beneficial in reducing the reverberation time and the
overall nolse level in a nolsy area. By controlling sound reflection,
they tend to limit or localize the noilse to the reglon of its origin and
raeduce the transmission of the noise along corridors and passage ways to
other parts of a building,

When a sound wave strikes an absorbing material, a portion of the
energy 15 converted into heat by the frictional resistance within the
pores and the vibrational agitation of the small fibers, Because of the
multiple reflections and successglve contacts of the sound wave with the
absorbing materials during a relatively short pericd of time, noise
level reductions as much as 8 to 10 dB may be achieved, The amount of
nolge reduction {s dependent upon the area or length of sound absorbing
treatment, Therefore, in areas such as ducts and corridors, the use of
such treatment may produce even greater noise reducticens.

Although acoustical tile is used extensively for the control of
noise in reverberant areas, other materials and furnishings such as
heavily pleated drapery, upheolstered furniture and carpeting with felt
pad underlayments can be equally effective for the same amount of surface
coverage. In bulldings or areas with excessive pedestrian traffie, such
as schools, office buildings, corvidors and staircases, carpets with
pads should be used in liew of, or in conjunction with acoustical tile.
in addition to absorbing airborne sound, carpets cushlon the force of
impacts and thus transmit less nelse to rooms below. Because of their
softness and resilience, carpets radiate very little of the surface
nolise caused by the scuffling, thumping and abrasive action of foot
traffic, In other words, people generate much lesa nolse walking on
carpets than on hard-surfaced floors.

I. EDUCATION AND TRAINING

The degree of success achleved in constructing bulldings with ade-
quate sound insulation and noisge control hinges not only on the acous~
tical education and training of the architects but also of the contrac-
tors, bullders, foremen, work crews and inspectors,

Carpenters, plasterers, masons, plumbers, electriclans, equipment
installers, and others should be taught, through plammed training
progrems in each of their respective professions, the proper techniques
of construction, application and installation of structures, services
and utilities to provide sound insulation and noilse control, These
training programs should include demonstrations which show how effective
such methods are, the reasons why they work and how poor workmanship,
small variations from design and mistakes might reduce or destroy the
acoustical performance of the building,

J, SUPERVISION
Close supervision and striet attention to small details particularly
by foreman and inspectors are required during each and every phase of the

5-9




building construction in order to ensure a high degree of nolse control
and privacy. It is essential that foremen and inspectors constantly
ride '"close herd" over the workmen to see that they are doing their work
properly, so that serious nolse leaks are not overlooked or undetected
and then later discovered concealed behind finished wall or f£loor

constructlions.

K. PRETESTING

Building inspectors, foremen or supervisors should conduct prelim-
inary tests of the sound Insulating effectiveness of apartment walls and
floor-ceiling structures shortly after they are installed and prior to
painting and final completion. Considerable savings in both cost and
time will be realized in correcting any nolse leaks or acoustical fail-
ures that are detected at this astage. Although a visual examination of
an enclosure may detect some potential neise leaks, such as wide gaps or
cracks at ceiling, £loor or perhaps adjoining wall edges, such tests are
usually inadequate since they fall to detect sources of noise leaks
hidden from the eye.

A far more effective test is to operate some noisy device like a
power drill or a vacuum cleaner, in a closed room and lisien near the
other side of the partition wall for any nolse leakage, The ear 1s a
reasonably good sensing device, However, by using a probe microphone
and a sound level meter or even a stethoscope, noise leaks may be
located more quickly than by ear. Another useful test, preferably
combined with the above test, involves surveying one slde of a partition
wall at eritical points with an intense light source and looking for
light leakage in a darkened room on the other side, A small hand mirror
is particularly useful in getting into rewote corners or otherwise
inaccessible places. TFor greater effectiveness, the man with the light
and the observer should simultaneously follow the same survey path.
Detection of any light leakage in the darkened room will signify a noise
leak.

Detecting the transmission of building equipment noise is somewhat
more difficult, Wiih such equipment in operatlon, one can sometimes
locate noilse leaks or ddentify Elanking paths by conducting similar
hearing tests along with pressing the ear agalnst various room surfaces
or using finger tips to sense the vibration of such surfaces. Serious
structure-borne noise transmission problems might invelve extensive
vibrational analyses along the varlous transmission paths between the
equipment room and the room undergoing test,

5-10




S Py S

i LT PO S VPR )

LSRN T I LT U

ER A

&

. e i s

CHAPTER 6
CONTROL OF AIRBORNE NQOISE

The fundamental objectives of noise control are to provide privacy
and quiet both indoors and outdoors., Although this guide deals primar-
ily with the control of noise transmission within buildings, some atten-
tion must be given to the contral of noige from outdoor sources, some of
which are illustrated in Figure 6.1,
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Fig., 6,1, Common Cutdoor Nolse Sources,

OUTDOCR KOLSE:

Among the many outdoor sources of noise, the mpjor offenders are:
(a) Aircraft; e.g., small sport planes as well 28 large commerclal or

military planes and helicopters,

(b) Vehicular traffie; e.g,, particularly trucks, buses, sport cars,
and virtually all types of motorized cycles,

(e) Rail troansportation systems; e.g., railroad engines, trains and
elevated transit systems,

(d) Industriael plant operation; e.g,, manufaecturing plants,

(e) Exposed bullding equipment; e.g., ventlilacion systems, cooling
towers, air-gonditioning compressors,

(f) Power garden equipment; e.g., lawn mowers, chain saws, garden
tractors, cultivators,

{g) Earth moving and street repair equipment; e.g., tractors, shovels,
diteh diggers, air hammers.

The three main courses of action to control nutdoor noise are: (1)
develop and enforce anti-nolse ordinances and zening regulations, (2)
require manufacturers of electrical and mechanical equipment or appli-
ances to provide sound power ratings of their products and (3) educate
and encourage city planners and legislators, and transpertation system
designers to embody nolse control prineiples in the design of their
gystems,

Although some progress has been made in these flelds, much remains
to be done, For example, a number of clties and communities througheut
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the country have adopted rather restrictive anti-nolge ordinances
relative to Industrial areas bordering on residential areas, but have
neglected to adopt comparable restrictions regarding traffic noise,
effective over-all anti-noise ordinance should place restrictions on
noise generated not only in industrial and commercial areas which border
residential areas but also within the residential areas, With such
ordinances in effect, manufacturers of various indeor and outdoor
equipment and appliances would be forced to market products which would
meet the specified noise sbatement requirements,

Conslderable progress In aircraft nolse control has been made
primarily through improved flight procedures and design of flight traffic
and holding patterns, but very little consideration has been given to
control of vehicle or traffic noilse, aside from Improvements in muffler
design and more recently, tire tread design. Although some effort has
been made recently in reducing noise levels within passenger automobiles,
very little has been done by automobile manufacturers in applying the
technology of noise control to silencing the overall noise generated by
the vehicle itself.

Likewlse, consideration of nolce control principles in the design
and layout of expressways and traffic arteries has been disregarded.

Some reduction of traffic noise has been achieved by high speed inter-
changes, cloverleaf crossings, depressed road beds and highway cuts which
have come chiefly as a surprising and welcome by-product of highway
planning baged primarily on economic factors and efficlent traffic flow,
However, expressways frequently are found skirting the edges of otherwise
quiet residential or suburban communities in whieh occupants are exposed
to the intermittent and irregular roar of passing trucks that might
produce nolse levels 15 to 20 dB higher than the nolse from other traffic,
This wnfortunately may occur throughout the night, when peace and quiet
are most desired, A significant improvement in the controel of traffic
noise can be made by proper design and location of interchanges, accel-
eration and deceleration lanes of expressways and the judicious use of
all the acoustical shielding benefits which might be offered by the
topography of the land.

The same sort of disregard for nolse control prevails among clty
planners and community builders engaged in city design. In order to
contain the growth of the outdoor noise problem, a concerted effort must
be made by legislative bodies to formulate and enforce effective community
or city wide anti-nolse ordinances and noise specifications of mechanical
equipment and appliances. Further, some qualification in acousties or
noise control should be required of all responsible individuals engaged
in the planning, design and development of our outdoor environment,

Until such measures materislize, the architect and builder must resort to
two techniques at his disposal to prevent excessive outdoor nolse from
entering his bulldings; that of using natural or artificial barriers on
or near the building site to reduce the amount of noise reaching the
bullding and/or utilizing speciallzed sound insulating construction of
roofs, exterlor walls and surfaces to minimize the transmission of out-
door nolse into the bullding, Elements of the first technique are
described in the foregoing chapter, particularly with respect to
"selectlion of the bullding sites" and "orientation of buildings ‘on sites"
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With regard to the second technique, the ldeas and principles developed
in the following section for the control of airborne noise transmission
within a building can be applied equally well to the problem of excessive
cutdoor nolse transmlssion through exterior building walls and roofs.

INDOOR NOISE:

The generation of airborne noige in bulldings stems from the
operation of bullding equipment, utilities and domestic applliances as
well as from occupant behavior and activity. Because of the complexity
of sources and activities involved, the composite nolse may veach levels
of high intensity with an extremely broad frequency spectrum ranging
from very low to exceedingly high pitched nolses, Since any one or a
combination of these sources or activities may give rise to complaints
at cexrtain times, it would be a formidable task to reduce all nolses
to the complete satisfaction of all building occupants,

The logical approach to the prohblem is to fnsulate against or
control thoge sources of noise which disturb the greatest percentage
of the occupants. The sources of airborne noises which cause the most
frequent disturbances are:

{(a) Musical instruments; e,g., televisions, radlios, stereo sets, planos
and drums,

{(b) Adults, children; e.g., loud speech, singing, crying and shouting,

(c) Household appliances; e.g., garbage disposers, dishwashers, vacuum
cleaners, clothes washers and dryers,

{(d) Plumbing fixtures; e.g., water running, pipes knocking, tollets
£lushing and refilling,

Among the above, the most disturbing sources, in terms of frequency
of occurrence and prolongation, are television, radio and sterec sets,
0f these, TV sets rate as the most frequent offenders.

This chapter deals specifically with the types of partitloms, con-
struction and installation techniques and various acoustical measures
that may be used Iin the control of alrborne noige, For convenlence and
ease of undersgtanding, the control of airborne nolse will be treated
primarily as a partition wall problem; although the principles and ideas
developed here can be applied equally well to floor-celling assemblies.
In the consideration of floor-ceiling assemblies, one must cope with the
additional problem of controlling impact and structure-borne noise,
which 1g discussed separately in Chapter 7.

The functional objectives of a wall are: to support the structural
load of a building, to serve as a space divider or encleosure in the
visual sense and to act as a nolse barrier.

Load-bearing walls are usually quite massive structures which
normally provide an adequate degree of sound insulation, On the other
hand, partition walls used solely as space dividers are for economlc
reasons usually of lightweight, monolithic or rigid construccion which
afford poor sound insulation, Generally speaking, a wall which will
provide adequate sound insulation in a given situvation 1s one which will
reduce the transmitred nolse to a level below that of the normal back-
ground nolse, This sound insulating property of a wall or partition is
called the "sound transmission loss", which is expressed in terma of
decibels. The sound transmission loss, STL, is equal to the number of
decibels by which sound energy incident on one side of a partition is
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reduced in transmission through it. This 1s Lillustrated in the first
diagram of Figure 6.2, which shows a wall with an STL value of 30 dB
reduecing an incident noilse level of 70 dB to a transmitted level of
40 dB, a 30 dB reduction.
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Fig, 6.2. STL of Walls.

In this case, the transmitted noise level 13 above the background
nolse and a5 a result i3 audible, The second diagram shows a 50 dB wall
under the same noise conditions reducing the tranagmitted nolse to an
inaudible level, i,e, below that of the baeckground noise, In this
instance, the background neoise is said to mask the transmitted noise.

In the first example, the wall would not provide satisfactory sound
insulation whereas in the second case, adequate insulatlion would be
achieved under these conditions,

Thus, the satisfactory performance of the wall In a given situation
hinges primarily on three factors: (1) the sound level on the source or
noisy side; (2) the sound transmission loss of the wall; and (3) the
background noise level on the receiving or quiet side,

BACKGROUND AND MASKING NOISE:;

From the foregolng example, one might reasen that for a given case,
the higher the background noise level the lower the wall STL value
required for adequate sound insulatien, Generally speaking, this is
true up to the polnt at which the background noise level itself becomes
as disturbing as the noise transmitted through the partition wall, as
might well happen if one ghould use nearby heavy downtown gtreet or
expressWay trafflc nolse for masking purpeses, Under certain conditionsa,
background nolse or even artificially induced masking nolse may be
considered in selecting a partition wall which will perform satisfacto-
rily, providing that the background or masking noise 18 not too
digturbing and 15 smooth, continuous and preferably nondirectional in
character, This rules out noise sources which are either cyclic or
intermittent in operation such as furnace/air conditioner blowers and
compressors, or the continuous hum of automobile traffic which is
interrupted at frequent intervals by the roar of trucks.

The interior background noise level on the side of a building facing
a noisy area may be considerably higher than that on the shielded side,
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Use of this higher background noise level to "trade off'" or compensate
for the selection of a partition wall with a comparably less STL value
would be a mistake. Only the oceupants on the nolsy side of the build-
ing would find the sound insulating performance of the wall satisfactory
because of the masking benefit., Since nolse travels through a wall with
equal ease in both directions, the occupants cn the qulet side of the
building, deprived of the masking effect, would find theilr neighbor's
nolse quite disturbing.

On the other hand, if too much masking noise is introduced equally
in both spartments to compensate for an acoustically poor party wall,
both occupants might raise the volume of thelr TV sets or volces, thus
negating the benefit of the masking effect. The net result is that the
ratlio of the disturbing TV level to masking noise level, i,e. the ratio
of signal teo noise level, remains the same. As a rule of thumb, the
upper limit for use of masking noise should be no higher than 10 dB but
more conservatively about 5 dB above the normal background noise level,
if the masking noise itself is not to be disturbing.

Artificially induced masking noise such as produced by electronic
devices and continuous operation of fans can be more effectively used in
the acoustieal design of office buildings where the sound insulation re-
quirements and the need for a comfortably quiet environment are generally
not as demanding as in dwellings. Perhaps the greatest value of such
masking noise, if properly shaped and controlled, is in {ts utilization
as an expedient, inexpensive, fairly effective method for relieving
nolse transmission problems in existing buildings; or in masking
intermittent digturbing background noige, such as aceelerating or brak-
ing wvehicles, cyeclic or periodic equipment noise, chirping birds,
crickets, barking dogs, children's laughter or other equally disturbing
nolses,

The common economic practice of selecting somewhat noisy and
cheaper air-conditioning/heating equipment for purposes of using the
masking effent tn compensate for the Lnstallation of cheaper and poorer
sound insulating partitions between dwellings usually ends up in
disappointment. Generally speaking, the noise produced by such instal-
lations 18 usually excessive and the cause of complaints, The architect
or builder is now in an awkward position, To reduce the noise output by
lowering the compressor or fan speed of the equipment, at the expense
of its heating and cooling efficlency, 1s guaranteed to hring on more
complaints from this directien. FEven 1f the efficlency of the heating
and cooling system ls preserved, the now obvilous lack of privacy
between dwellings becomes a source of complaints. In serlous cases,
the architect or builder may be required to modify the heating and
cooling system and improve the acoustical performance of the walls,
which is a very costly and time~consuming process for the architect and
purchaser. Even if such corrective measures are carefully designed by
competent acouatical consultants, rarely are the desired results
achieved in practice, owing to either poor workmanship, unforesaen
problems or difficulties stemming from the initial building constructioen,
In short, masking noise in multifamily dwellings may be of some use in
dealing with intermittent outdoor noise, buc 1t is not a substitute for
good sound insulating partiticns,
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Before selecting the appropriate type of partition wall the archi-
tect should observe the following.

1. Establish acceptable interior background criteria as a design
objective. See Chapter 10 for suggested eriteria,

2, Arrange for a detalled nolse survey of the proposed building
sglte to determine the existing cutside nolse levels for purposes of
estimating the interior background neise levels within the dwellings and
what measures are necesgary to reach the design objective, Estimates of
future nolse levels also should be conaldered, If buildings of similar
construction are near the proposed site, a noise survey within such
buildings will simplify the task of estimating the interier background
noise of the new constructions. It i{s important that such surveys be
made on the quiet side of the buillding in order to obtain minimum back-
ground nolse levels., As a precaution, the maximum design requirements
of the partition wall should always be based on the lowest measured
background noise levels,

3. As a design objective, assume a level of 75 to 80 dB for
average peak household noise generated by occupant activity. For
successful performance of the partition wall, its design requirements
must be based on the expected highest or peak average noise levels
rather than on the lower average steady state levels,

4. Based on the foregoing background and household noise consid-
erations, select a wall with an appropriate sound insulating capacity,
See Chapter 1l for a listing of various types of wall construction and
sound transmission class ratings,

The basic types of wall structures and the construction and
installation techniques used In the control of alrborne noise are illus-
trated and discussed below, Although this discussion deals specifiecally
with interior walls, the idess can be applied to exterior walls and
floor~celling structures as well,

o

A MASSIVEWALL B FSOLATED SURFACE G DOUBLE WAL 0. SOUND ABSORPER 8 SEAL HOLES
INCAVITY AND CRACKS

Fig. 6.3. Basic Sound Insulating Wall Constructions.

MASSIVE OR HEAVY WALLS: (See Figure 6,3 A)
The airborne sound insulation effectiveness of solid lLomogeneous

walls of conerete, masonry, brick or solid gypsum construction improves
with inereasing mass or weight, providing the constructions are efther
nop-porous or their surfaces are coated with a pore-sealing substance
such as plaster, grouting mix or heavy masonry paint, The average
gound transmission loss of such walls, which are said to be "mass
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controlled", inereases only about 5 to 6 dB for each doubling of weight.
As a consequence, single walls of such construction become impractical
vwhere a high degree of sound insulation is vrequired. In terms of
economic and practical usefulness, a solid wall thickness of 8 to 10
inches approaches the upper limit of sound insulation effectiveness.

WALLS WITH TSOLATED SURFACES: (See Figure 6.3 B)

Walls of this type represent a form of discontinuous construection
which provides improved sound insulation performance at the expense of
little added weight. The construction invelves the use of resilient
materials such as fiber boards, felt or cork strips, or resilient ele-
ments like spring clips or channels between outer wall surfaces and the
inner core wall,

The isolated wall surfaces may be fastened to either one or both
sldes of the core wall. The resilient material or element acts as a
decoupler or vibratlion isolator which dissipates the vibrational energy.
Such Lsolated wall surfaces may be used in the seme manner in rigid stud

constructions,

DOUBLE WALLS; (See Figure 6.3 C)

Double walls have substantlially greater sound insulatlon than a
single wall of the same weight, Care should be exercised to aveid short
clrculting of the two walls by accumulated debris, wire ties or
excessive coupling st the perimeter edges. If high performance i{s to be
achieved, there should be a complete separation of at least 2 Inches and
preferably 4 inches between the walls.

Double walis of weod frame construction include slit stud,
staggered stud and douvble stud walls, listed in order of inereasing
effectiveness, In such constructions the alr, by virtue of its
compressibility, aets as the spring element or vibration isolator, A
wider air space provides a softer spring action which resulta in greater
sound insulatiom.

WALLS WITH SOUND ABSORBENT LINERS: (See Figure 6,3 D)

The vse of sound absorbing materials such as mineral wool blankets
in the airspaces of double walls or walls employing resilient elemants
or staggered studding may Improve the sound insulation of the wall from
J to 8 dB, depending on the thickness of the blanket and type of wall
construction, Sound absorbing materials usually are more effective
in light frame than in heavy masonry construction, Such materials tend
to minimize the sound energy buildup in the hollow raverberant wall
cavities, particularly at the higher frequencies. However, they are
only marginally effeetive at low fraquencies,

Unfortunately, the use of sound absorbing blankets in voids or
alrspaces of conventional stud walls contribute little or nothing toward
improved sound insulation. Owing te the rigid ties of the stud framing
to the wall surfaces, the entire wall behaves like a diaphragm under
vibrational excitation and transmite the sound readily; thus the
effectiveness of the gound absorbing blanket is "short cirecuited",

PROPERLY SEALED WALLS: (See Figure 6,3 E)
In order to obtain the highest sound insulation performance, a
partition wall must be of airtight construction. Care must be exercised
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to seal all openings, gaps, holes, jodnts, penetrations of piping and
condults. Even hairline cracks which might occur, particularly at the
adjoining wall, floor and ceiling edges, during the drying out peried

or building settlement should be sealed. A substantially greater amount
of sound energy is transmitted through a crack than would normally be
expected on the basis of its area.

Both sides of the walls, particularly those of brick, concrete or
masonry block construction, should be surface coated with a plaster or
cement mix to seal surface pores, mortar joints, cracks, ete, In the
cage of double masonry walls, the inner face of one wall should be back
plastered, These precautions also should be observed relative to
surfaces of masonry corewalls which may support furred-out gypsum board

or plaster faces,

PROPER INSTALLATION OF WALLS:
Success in achieving adequate sound insulation between dwellings

depends not only on the selection of the appropriate wall, but also on
the proper installation of the wall, 1In addition to the airtight con-
struction requirements discussed above, preoper installation of the wall
should keep coupling or rigid ties to other structural ¢ 'aemblies at an
abzolute minimum., Technlques for achleving this involve using gasketing
materials above and below head and base pilates and at points of inter=-
section with adjoining walls., The purpose of decoupling the wall is to
break up or minimize the flanking paths for structure-borne noise trans-
mitted from other areas, In addition, the flanking paths for airborne
nolise via open celling plenums, corridors, etc., must be eliminated,

See Chapter 8 for additlonal discussion and illustrative examples
relative to propar installation of walls,

CONTROL JOINTS:

One of the problems assoclated with high~rise bulldings 1s extensive

cracking and separation of party walls from adjeining wall and floor
conatructions, which often results in serious loss of acoustical privacy.
Walls, particularly of non~load bearing construction, frequently fail
undar the stresses induced by floor slab deflection and movement of the
building's structural frame. The causes of such structural movement may
be differential expansion or contraction of exposed supporting columns,
wind and gravitational forces and differential settlement of the
foundation or footings. Such wall failures may be minimized through the
use of control joints properly designed to accommodate building movement
while preserving good sound insulating performance, The control joints,
which may be constructed of metal channels containing resilient gasket
material, should be used along the peripheral edges of the partition
walls, as lllustrated in Figure 8,72,

OTHER PRECAUTIONS:
1. Avoid Short Circuits: Much too often the effectiveness of a

good sound insulating wall is inadvertently impaired by builders or con-
struction workers as a result of on-the=-job changes, which might be
trivial for all other practical purposes but serious relative to nolse
control, For example, a last-minute alteration of a kitchen cabinet
layout might result in mounting wall cabinets on party walls of
resilient spring construction. The cabinets must he rigidly and
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securely fastened to a sturdy stud-framework or perhaps an inner

masonry core wall in order to carry the heavy loads, Thereby, the
advantages of the resilient construction are lost and the sound insu-
lating performance of the wall is reduced to that provided by a single
homogeneous wall of the same weight. In a similar veln, pipe runs
through walls of resilient construction or double walls will seriously
reduce the high performance of such walls 1f the pipes bridge across and
make rigid contact with the exterlor wall surfaces by means of clamps or
cover plates. The overemphasis on structural rigidity, particularly
with respect to non-load bearing walls, is a frequent cause of peor
acoustical performance., For example, a common practice of congtruction
workers is to use excessive nalling, cross-bracing, and wire tying of
resilient elements to galn an 'extra measure' of structural strength or
rigidity simply '"to be on the safe side'.

Bulilding foremen and Inspectors should caution construction workers
that such seemingly insignificant practices may nullify the benefits of
good sound insulating eonstruction.

2. Wall Mounting of Equipment or Appliances: A good rule of thumb
is to avoid mounting of motor-gear driven appliances, telephones,
exhaust fans and paper dispensers on party walls, or butting kitchen
cabinets with bullt-in appliances tightly against such walls. Unless
special mounting precautions are taken, the operation of such devices
may be the cause of serlous nelse complaints,

3. Walls with Windows or Doora: In the foregoing discussicn, the
fact that partition walls may have windows and doors has been largely
ignored, Even though well sealed, a window or a door in a wall usually
represents the "weakest link" in the sound insulating performance of the
composite wall assembly. 1n other words, a window or & door in a wall
usually transmitas more sound than the rest of the wall,

While 1t 15 generally true that little will be gained by improving
the sound iInsulation of the wall as long as the window or door remains,
it 18 false to reason that the insulation of the wall need be no better
than that of the door. The total amount of sound transmitted through a
composite wall-door assembly depends on the surface area and the sound
transmission loss of each of the component parta. TIn general, if a
compoaite wall 1s constructed of two panels of aqual areas but quite
different STL ratings, the average sound transmission loss of the
composite wall will be only slightly higher than that of the poorer
panel, If on the other hand, the area of the panel with the higher
SIL rating is much greater, e.g., 10 times greater than the area of the
poorer panel, the sound transmission loss of the composite wall will be
substantially higher than that of the poorer panel,

To illustrate this, consider a wall with an average STL of 50 dB
and an areas of 220 square feet. Installed in this wall is a door with
an average SIL of 20 dB and an area of 20 square feet. The net wall
area (less door) 1s 200 aquare feet, i.e, 10 times greater than the door
area. Using expressions (1) and (2) and the following table the average
sound transmisgion loss of the composite wall structure ean be computed,

1
STLsingle wall 10 log,5 7 9B oY
where 7 15 the transmission coefficient.
F=9




composite wall 10 (Tl 8, TZSZ) (2)
where T, and T, are the transmission ceefflclents of the wall and door
respectively, 5. and s, are theilr corresponding surface areas and § is
the sum of these surface areas.

STL

Partition Area, ft2 STL, dB T Ts
Wall 200 50 .00001 ,00200
Door 20 20 .01 .20
TOTALS 220 .202
- - 1o .04)= 30,4 dB,
SE%mposite wall 10 log10 %%g 10 19310 1089,1 = 10(3.04)= 30

This shows that the 30 dB average STL of the above wall-door combi-
nation is substantially better than that of the 20 dB door, However,
this wall-door assembly would not provide adequate sound insulation,

The obvious selution would be to use a door with an STL rating of 30 dB
or better which opens Into a vestibule or foyer, rather than directly
into & living room. In this way, one would preserve the integrity of
the 50 dB wall,

NOISE CONTROL WITHIN THE APARTMENT UNIT:

In addition te the disturbing intrusion of nofses from other parts
of the building, the gpartment tenant has little respite from noises
generated within higs own dwelling. It is difficult for him to escape
from the clatter of the garbage disposal, the rumbling of the dishwasher,
the boisterous laughter of his children or the irritation of his wife's
favorite TV or radio program.' Even though a person's tolerance of noise
produced by his own activity ia quite high and he can control the noige
by curtailing his own or family's activities, the fact remains that
domestlc nolsea generated within a typical apartment are much more
disturbing than need be, This is due primarily to three factors:

{a) the operation of excessively noisy appliances, bathroom or plumbing
faclilities and TV, radic or stereo. sets,

(b) the open space design, particularly with respect to layout of
kitchen, dining rooem and living room, which provides no separation
of nolsy areas from sensitive areas, and

(c) the poor sound insulation provided by partition walls and doors,
especially in bedroom and bathroom areas.

Although the techniques discussed throughout this guide deal pri-
marily with the control of nolse transmission between apartment units,
they can be applied equally well to the problem of controlling noise
within & dwelling unit. At the risk of being repetitious, the control
measures involve:

(a) using a well designed floor plan which separates nolsy areas from
quiet areas by means of buffer zones and/or designing each room as
a self-enclosed area,

(b) wvibration isolating plumbing systems, fixtures and bullt-in
appliances from wall and f£loor structures and cabinets,

(c) 1installing walls and doors with adequate sound insulation in all
sensitive areas, such as bedrooms and bathrooms, and

(d) installing carpeting and/or acoustical tile in most areas, partie-
vlarly in hallways, which separate living areas from bedroom areas,
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CHAPTER 7
CONTROL OF STRUCTURE-BORNE NOISE

The most serious noilse problems in multifamily dwellings invelve
the transmission of structure-borne nolse., Because of the increasing
severity and wide diversity of the overall problem, its solutions are
of much greater importance and considerably more difficult to achieve
than those associated with tha control of airborne noise.

Buildings obviously must be supported by loadbearing walla,
colums and beams, as well as structural floors, which must be joined to
form a structural framework of great strength add rigidity, Since these
members are highly efficlent transmitters of vibration, the structural
frame of the bullding becomes a network of vibrational transmissien
paths which subdivide and engulf the entire building enclosure. To
complicate the pleture further, the Iimstallation of utility systems,
partition walls and equipment adds a mulcitude of new rransmission
paths, some of which invariably become hidden from view in the completed
building, Thus, the problem of controlling structure-borne nolse might
be vexing and difficult to resclve, if precautlonary measures are not
incorporated in the early desipgn stage of the building,

Unfortunately, the simple sclution of forhbidding the installation
of vibration sources within a building 1s impracticable. Instead, one
should limit the length of continuous transmission paths by introducing
Joints, changes in materials or dimensions, isolators, or other
attenuating or decoupling devices as close to the source and as
repeatedly as possaible,

Although structure-borne nolse 1s frequently transmitted by way of
wall assemblies, the problem is more severe with floor-ceiling struc-
tures which, due to their wide spans, are particularly susceptible to
impact and vibratory excitation., Such excitation causes diaphragmatic
movement of the entire floor-celling structure which reaults in nolse
radiation from the ceiling surface inte the room below, Unlike the case
of alrborne nolse, Increasing the mass of the floor structure is not very
effective, nor is the use of buffer zones hetween floors practicable,

As & consequence, structure-borne nolse transmitted from the apartment
above 1s usually more disturbing than the airborne noise transmitted
from the apartment next door.

SOURCES OF STRUCTURE-BORNE NOISE AND METHODS OF CONTROL

The major sources of structure-borne nolse are impacts, plumbing
systems, heating and alr-conditioning systems, mechanical equipment or
appliances and low frequency vibration from external sources,

A. IMPACT NOISE:

This section will deal with impact noise and its prevention. TImpact
noise is caused by an object striking against or sliding on a wall or
floor structure, such as that produced by walking, falling objects,
moving furniture or slamming doors. In such cases, the floor {or wall)
is set inte vibration by direct impact and sound is radiated from both
gides., As will be shown later, the amount of nolse generated by impact
on a floor is highly dependent upon the type of surface covering,

7-1

ks e G



IMPACT NOISE THROUGH WALLS:

Although most impact nolse is transmitted through floor-ceiling
structures, problems of impact noilse transmisgion through party walls
may appear, particularly in one-room efficiency apartments in which the
aingle room serves the multipurpose funetions of living room, bedroom and
kitchen., The major causes of impact and structure-borne nolse trans-
mission through party walls are:

(s} wall-mounted kitchen cabinets; where the impacts are caused by
plecing dishes or canned foods on the shelves, as well ag the
slamming of cabinet doors,

(b) wall-mounted appliances; such as knife sharpeners, can openers and
ice crushers,

(¢) built-in dishwashers and garbage disposals as well gs countertop
blenders and mixers; where the vibration is transmitted to the
party walls by way of the abutting cabinetry,

(d) built~ip-wall units such as chests, ¢losets and fold-in-wall heds;
where the noise is caused by the sliding of drawers and doors,
clothes hangers impacting against the wall and the opening and
closing of fold-in-wall beds,

Obviously in certain cases, particularly those Involving one-room
efficiency apartments, measures must be taken to ensure adequate impact
nolse Iinsulation of the party walls separating dwelling units, Observ-
ance ¢f the following rules of thumb will aveid most of such problems.

1. Refrain from mounting any noisy appliances, devices or kitchen
cabinets on or against party walls; party walls should be free or clear
of any appliances, cabinetry or household furniture.

2, If party walls must be used for such purposes, {t is recommended
that they be of reasonably massive double-wall construction, e.g. double
brick or masonry block walls devold of wall ties., Further, vibration
isolation mounting must be used in the installagion of all appliances
whether on walls or {n built~-in cabinats,

3. Cabinets, which house appliances such as dishwashers or
disposers, should also be isolated from party walls and indeed all walls
by means of strips of resilient gasketing.

4, As a precautionary measure, walls using resilient channel or
apring clip construction should not be used as party walls, if wall-type
kitchep cabinets are to be mounted on them, The resiliently mounted
surfaces of such walls are not capable of supporting heavy loads. If the
cabinets are beolted to the inner rigid framework of such walls, the
spring action of the resilient element ig short-circuited whiech results
in serious reduction of both the alrborne and impact sound Insulating
merite of the party wall,

Although unot recommended, it is possible to mount cabinets on party
walls of resilient conatruetion 1if specialized vibration isolating
mounting techniques ave used, similar to those 1llustrated in Figure B.69.
Other sources of impact noise disturbances are slanming doors and sliding
of furniture against party walls. In some cases the noise may be con-
trolled at the source; for example, door slams may be eliminated by the
use of door closers or rubber bumpers, Where the source of nolse 1s
difficult to control, such as gliding of furniture agalnst party walls,
the use of discontinuous or double wall construction may prevent the
transmisaion of such noilse to adjacent apartments.
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The actual techniques used in controlling impact noise transmission
through floor structures differ somewhat from those assoeciated with party
walls, but they are based essentially on the same principle of using a
form of resilient or discontinuous construction.

IMPACT NOISE THROUGH FLOORS:

Impact nolses usually constitute s serious problem because such
noises generally are of high intensity and transient or impulsive In
character. The problem 1s particularly acute in floors of light frmme
construction. Because of their flexibllity and lightweight, such
flooxrs are easily set into vibration by impact excitation., Under heavy
foot traffie such floors will generally produce a thumping or booming
nolse which tenants find most Lirritating. Whereas the high frequency
components of impact nolse can be attenuated quite easlily by various
resilient types of floor surface coverings such as carpeting, cork or
rubber tile, the attenuation of low frequency impact noise requires the
modification of the basic structural fleoor with some form of discon-
tinuous construction. The basle types of discontinuous structures and
construction techniques used in the control of impact and structure-
borne nolse are 1llustrated in Figure 7.1,

A CUSHION IMPACT

e, SUSPIND CEILING 0. SOUND ARSORBER ¢ JSOLATCAND SEAL
IN CAVIRY ' PIPING, ITC

Fig. 7.1, Basic Sound Insulating Floor Constructions,

1. Chshion the Impackt: (Sea Figure 7.1 A)

The most logical approach to the control of impact noise is to
cushion the impact by means of soft resilient surfacing materiala, Such
materials dissipate a substantial amount of the impact energy and thus
reduce the energy which may be trausmitted to the supporting structural
floor., The effectiveness of the impact insulation depends not only on
the thickness and resilient characteristics of the surface material but
also on the construction of the basic floor structure. For example, a
given carpet and pad combination on a floor of wood frame construction
would not necessarily provide the same degree of impaect noise insulation
as when placed on a concrete floor, Floors surfaced with soft resilient
materials are also effective in reducing noise produced by abrasive
actions such as sliding of furniture, vacuum sweeping and scuffling foot
traffie, Unfortunately, no apprecishle gain in airborne sound Insulation
is obtained by using carpets, pads o other resilient floor surface
materials,
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2, Float the Floor: (See Figure 7.1 B}

Floating floor constructions isolated from the supporting structural
floor by means of resilient materials or spring elements represent a type
of digcontinuous congtruction which can be highly effective in reducing
the transmissicen of impact noise, The resilient materilal or element
might be in a form of rubber pads, mineral weol blankets or spring metal
sleepers which support nalling strips or subflooring. Floating floors
may be used on structural floors of masonry, wood or steel frame construc-
tion.

The effectiveness of a floating floor astructure is dependent primar-

ily on three factors:

(a) the compliance of the underlayment or the resilient element,

(b) the mass of the floating floor assembly, and,

(¢} the degree of decoupling of the floating floor from adjeining walls
and structures, In this regard the joint between the floating assembly
and the adjoining walls should be net only flexible but airtight, se
that the additienal airborne sound insulation provided by the floating
floor 1s not wasted,

As a general rule of thumb, the greater the compliance of the
resilient material, the masa of the floating floor and its decoupling
from adjoining walls, the better the alrborne and impact sound insulation
of the structure., Using carpets and pads or other resilient materials
on the floating floor will generally provide additional impact noise
insulation,

The following precautions must be observed in the construction of a
floating floor, particularly of the type illustrated above, wherein a
resilient mat or pad is sandwiched between a structural fleoor and a
floating conecrete floor,

(a) The characteristlics of the pad must be such as to resist breakdown
or excessive deformation under long periods of loading.

(b) The pad must be covered with a protective layer of some strong
impermeable vinyl or other plastic material with overlapping edges to
prevent concrete from leeking into the pad during the pouring of the
floated slab, In fact, it is recommended that thin sheets of plywood or
hard boards be used on top of the plastic membrane to prevent its
accidental rupture during the pourling operation.

{c) The mass of the fdoating floor should be large compared to any loads
it will aupport in order to achieve a more uniform load distribution on
the resilient underlayment or pad.

3. Suspend the Ceiling: (Sse Figure 7.1 C)

Ceilings which are isolated from Floor structures by resiliént chan-
nels, hangers or separate ceiling jolats usually are efficient airborne
noise insulators, However, in asctual buildings such cellings are quite
often ineffectual against impact nolse unless precautionary measures
are taken. The reason for their poor performance is that any Impact or
vibrational energy imparted to the floor-ceiling assembly is transmitted
to adjoining loadbearing walls or other structures and is reradiated as
noise elsewhere, In effect, these structural flanking paths by-pass the
isolated cefling, In laboratory Installations where flanking krans-
mission is vircually eliminated, floors with resiliently suspended ceil-
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ings perform remarkably well, as shown in Chapter 11, The architect

is cautioned that such results may be achieved in actual buildings only
when the floor-ceiling structure is vibrationally decoupled from support.
ing walls or the interior wall surfaces of the room below are resiliently
mounted. In the latter case, resilient gaskets should be lald under the
base plates of these walls to minimize cransfer of vibrational energy to
the floor of the room, In short, the shell-within-shell design should
be used for effective control of impact nolse transmission,

4, Sound Absorber in Cavity: (See Figure 7.1 D)

As in the case of double walls, the insertion of sound gbsorbing
materials in the cavities of the f£loor-celling structure improves its
sound insulation providing that the structure has a floating floor
and/or a resiliently hung ceiling. In conventional floor-ceiling
assemblies, wherein the flooring and ceillng surfaces both are rigidly
coupled to the struetural floor, scund absorbing materials within the
cavities are relatively ineffectual.

Sound absorbing materiels improve beth the airborne and impact
sound insulating performance of most floor structures incorporating
resiliently mounted surfaces., However, such materirls usually are more
effective when used in suspended ceilings rather than in floating floor
structures, and as a rule provide more insulation against airborne noise

than impact noise.

5. Isolate and Seal Pipes: (See Figure 7.1 E)

In order to obtain a high degree of sound insulation, the floor-~
ceiling structure must be of alrtight construecticn, All openings or
gaps, particularly at the peripheral edges of the structure and around
pipe or eondult penetrations, should be sealed with a waterproof, non-

setting caulking compound.

6. Proper Instellation of Floors:

The installation of fleor-celling assemblies should be designed to
keep coupling or rigid ties to other supporting structures at an absolute
minimum., Installation techniques which meet the structural support
requirements and yet provide adequate decoupling involve the use of cork
plates between the floor and supporting structures, as {llustrated in
Chapter 8,

In order to minimize the transmission of impact nolse between
nelghboring apartment wnits, avold the practice of laying & continuous
subfloor throughout the building, particularly at the points where
party walls are to be installed., The commen practice of rigidly tying
non-loadbearing walls to floor-ceiling structures should be avolded,
since this provides a flanking transmission path for impact noises and
frequently is a cause of poor acoustical performance. The acoustical
performance of various floor structures is illustrated in Figure 7,2.

7. Avoid Short Circuits:

In floating floor constructicns, a clearance must be maintained
between the entire perimeter edge of the floor and adjoining walls, base
boards and toe molds, This 18 especially important to prevent short
circulting the isolation provided by the floating floor. The perimeter
clearance should be filled with resilient gasket material or sealed with
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Fig 7.2. TInsulation Effectiveness of Variocus Constructions,
Re: Impact Nolse and Equipment Vibration,

a waterproof non-setting caulking compound., In lkke manner, a clearance
must be maintained between a floating floor and any pipe or service
chase installed between the structural support floor and the fleated
floor,
Pipes or conduits penetrating floor structures with floating floors
or resiliently hung cellings must be isolated with rubber or necprene
sleeves to avold rigid coupling of the floating elements to the
structural floor.

With regard to resiliently hung cellings, flexible connectors must
be used in the inatallation of ductwork and electrical fixtures to
prevent short circuiting of the guspended celling, A clearance must he
maintained between the perimeter edge of the ceiling and adjoining wall
surfaces., The edge clearance should be f£illed with resilient gagket
material or non-setting caulk which can be properly finished. Failure
to do this usually causes short circuiting of the celling suspension
system which results in poor impact noise insulation,

Resiliently mounted wall surfaces should be used in conjunction
with resiliently suspended ceilings and special care be taken not to
restrain the action of either resilient system at the ceiling-wall
junction, Similar precautions should be observed with respect to the
wall-fleor junction.
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8. Floor Mounting of Appliances and Flectro-Mechanical Equipment:

Household appliances such as refrigerators, washing machines and
clothes dryers should be vibration isolated from the floor by means
of rubber mounts, If such appliances are installed in kitchen ecabinets,
they should be vibration isolated from both the floor and the cabinets,
or the cabinets must be isolated from the floor by rubber or resilient
gaskets, If such installation techniques are ignored, equipment noise
and vibration will be transmitted to the floor structure which may
amplify the nolse to disturbing levels,

Large heavy equipment such as boflers and central heating plants
should be imstalled in basement or slab-on-grade locations, The
equipment should be mounted on massive Iinertla blocks which are support-
ed on vibration isolators. If such installation techniques are not
used, the section of the floor slab directly under the equipment must
be separated and iselated from the main floor slab by means of expansion
joints, All pipes, conduits or service distribution systems must be
vibration isolated from such equipment by means of flexible connectors
to prevent transmission of vibrational energy to the main floor slab or
bullding walla, For further discusaion and illustrations relative to
floor structures refer to Chapter 8.

SQUEAKING FLOORS

I Cauges:
On occasions, the problem of floor squeaking is more serious than

that of impact nolse, because generally both families separated by the
defective floor will register their complaints. Although the problem
commonly is found in bulldings of light frame construction, it may
appear in buildings with concrete floors surfaced with wood block or
strip flooring.

In general, floor squeaks are cauged by the rubbing or sliding of
one floor layer over another or the movement between adjacent blocks,
strips or sections of subflooring or f£inish floor, Such movement may
be due to any one or a combination of the following factors.

(a) Excessive deflection of the structural £loor:

Although a floor jolst system may be adequately deaigned 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 either the depth of the Joist is tco shallow or the spacing
between jolsts 1a too wide for a given floor span.

(b) Excesslve molsture or humidity:

The installation of dry flooring in damp areas often results in
squeaking floors because the absorption of molsture by the flooring
causes 1t to swell, crush and buckle. On the other hand, flooring
materials which inadvertently have been exposed for extended periods
to wot or damp surroundings should be redried before installation;
otherwise, the excess molsture absorbed by the material will eventually
dry out causing the floor to ghrink and show cracks,

(e) Poor quality flooring material;

Poorly manufactured strip or weod block fleoring in which tongues

do not fit tightly in the grooves may lead to squeaks, Another cause
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of squeaking s f£looring or Jolsta which permit strips, blocks or
sheathing to reck under foot.
(d) Poor nalling:

The most frequent cause of floor squeaking 1s poor nailing which
may result from Improper spacing of nails, poor workmanship and the
use of undersize nails.

II Methods of Controlling Floor Squeaking:

The most effective means of eliminating the squeaking floor problem
invelve:

(a) using stralght, true, pood quality flooring materials and jeists,

(b) building s rigid well-constructed floor system,

(c) controlling proper moisture content of flooring prior to installa-
tion,

(d) inserting bullding paper or felt between finish and subfloor layers
to eliminate rubbing or sliding contact,

(e) employing good nailing cechniques.

If squeaks occur in a f£inished f£loor, the cause must be determined
before corrective measures can be taken, However, some squeaks can be
eliminated by lubricating the tongues of wood blocks or strips with
mineral oil introduced sparingly into the opeénings between adjacent
boards., With the exception of floating floors, loose finish flooring may
be securely fastened to subflooring by surface nailing into the subfloor
and preferably the joist. Ring type nalls or sawtooth staples, properly
spaced, should be used in nailing findsh flooring to subfloering, In an
exposed jolst structure, where finish flooring 1s warped, driving screws
up through the subfloor and inte the finish floor will be effective in
drawing the floor layers tightly together to reduce the movement,

Prior to installation of ceilings, spaces between warped joists and
subfloor should be ghimned and wedged to reduce deflection ¢f the floor-
ing, Excessive deflection of the structural fleor due to lightweipht
or widely spaced joilsts may be corrected by the insertion of & few extra
joists, 1f the under surface of the floor is exposed, However, if there
is a finished ceiling below the floor, cross-beaming with support
columns may be the most expedient corrective measure.

For typleal residential fleor ipnstallations, 1t 18 suggested that
the deflection of the floor should not exceed 1/8 inch under a uniform
dead-load distribution of 40 1b/sq ft. This amounts to approximately
one fourth of the conventional deflection limitations which are based
on 1/360 of the floor span.

Although the above discussion dealt primarily with conventional
floors of wood construction, all except one of the techniques for con-
rrolling floor squeaking are applicable to fleating floor systems., The
one exception is that a floating floor should never be surface-nailed
through the resilient elements inte the subfloor or jolsts of the struc-
tural fleor. To do so would short eircult the impact sound insulating
action of the floating system. For further discussion of the squeaking
problem assoclated with floating f£loors, refer to Chapter 8.

For a more thorough and comprehensive discussion concerning proper
installation of wood flooring, refer to Agriculture Handbook Ne, 204,
entitled, "Wood Floors for Dwellings", U.,S, Department of Agriculture,
Forest Service,
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B. PLUMBING NOISE:

Most apartment occupants readily admit that noise arising from the
use of plumbing services, whether within their own dwelling unit or
those located elsewhers in the building, can be heard almost anywhere
in thelr apartment and in many cases throughout the building. In short,
it is difficult to escape from the plumbing noise nuisance. Though
plumbing noise is seldom very loud, it can be most annoying, particularly
during hours of relaxation, and quite frequently is the cause of
embarrassment, especlally when bathroom facilitiles are used. Although
never discussed publicly and only rarely among close friends and
acquaintances, the noise generated by bathroom facilities is the cause
of more embarrassment, discomfort and complete invasion of one's
privacy than perhaps any other household noise. It is for these reasons
thet plumbing noise problems are at least as serious as those of impact
noise, Unless effective counter measures are taken the present problems
will become worse, due to the poor design and Installation of plumbing
fixtures and the current trend toward the use of high pressure systems,
thin-wall piping and lightwelght building construction, Soclutions to
these problems are not very simple because of the numerous types of
nolse sources and transmission paths involved,

I Causes or Sources:

A basie understanding of the causes or sources of plumbing noise
should be helpful in devising methods for its reduction and control.

The causes of plumbing nolse are one or a combination of the following.
(a) Turbulent f£low:

High water pressures with resultant high flow velocities cause
turbulence particularly arcund bends, valves, tapa and connectors which
usually contaln many sharp edges and constrictions, The familiar
hissing noise, occurring frequently at partially opened taps, is
assoclated with turbulence, It has been suggested that this noise is
due to the combined action of eddles and collapsing water vapor bubbles.
(b} Cavitation:

Although turbulent flow is considered to be the chief cause of
plumbing noise, the onset of cavitetion in a plumbing system will
result in much higher noise levels, Both conditions may exist
simultaneously, especially around restrictions in high pressure systems,
Cavitation 1s associated with the collapse of vapor bubbles, which
are formed at some restriction by a critical combination of high
velocity and low preasure,

{c) Water hammer:

The nolsy hammering of a plumbing asystem 1s usually caused by the
sudden interruption of water flow; for example, by a quick-closing tap,
The sharp pressure build up at the point of interruption forms a shock
wave which reflects back and forth in the system. The multiple reflec-
tions produce a series of hammer-like noises which gradually decrease in
loudness as the energy of the shock wave is dissipated, The sudden
release of pressure by a quick-opening valve which discharges into a
section of piping with a narrow restriction, elbow or té€e connector also
may cause hammering of the plumbing system,
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" (d) Pump Noipe:

Noise in plumbing syatems is frequently ceaused by motor driven pumps
which, by virtue of rigid mechanical coupling, tranafer the vibrational
energy of the motor or the pump to the piping system.

Noises due to such sources are easlly recognized, since they consist
mostly of pure tones associated with the rotational speed of the pumps or
motors, The current trend toward using miniaturized, high-speed, shaft-
coupled motor pumps has lntepsified this problem,

(e) Defective parts or fitrings:

. Defective, loose or worn valve stems glve rige to Intense chattering
of the plumbing system. The defective device frequently can be pinpointed
without difficulty, since immediate use of the device causes the vibration
which generally occurs at some low flow velocity setting and diminishes or
disappears at a higher flow setting. ¥or example, 1f vibration oceccurs
when a particular faucet or tap is opened partially and diminishes when
fully opened, the faucet more than likely has some loose or defective
parts,

(£) Expansion and contraction of piping:

The expansion and contraction of pipes preoduce s staccato-like
serles of ereaking, squeaking and snapping noises which are caused by the
sliding or binding of the pipes againstc studding or other supports,

(g) Drains:

The draining of water from bath tubs, basins and tellets produces
gurgling nolses which frequently are more annoying than those associated
with the filling of such units. The noise problem is intensified when
vertical drain gystems do not run directly to the basement, but branch
of f into horizontal pipe runs which usually are supported from fleor
Joists. Falling water striking the horizental piping sets the drain
system into vibration which in turm is tranamitted to the building
structure.

(k) Running water:

The singing or whistling of pipes or the splashing of water, such as
that associated with £filling a bath tub or running a shower, is irritating
primarily because the noise persists for extended perlods of time,

(1) Entrapped air in plumbing system:

A relatively common nelse problem generally confined to newly
constructed bulldings is that caused by entrapped pockets of alr in the
plumbing systems, The combined action of water pressure and compression
of the alr pockets may produce intense nolse and vibration disturbances
which are characterized by explosive bursts, spewing and spitting of
water and alr from open faucets or taps and hamnering or knocking of the
piping system, Such problems seldem are a source of complaints, unless
they persist for extended perieds. Generally speaking, the problem
eventually corrects itself by gradual release of the entrapped air through
continued use of the plumbing services.

I1 Methods of Contyolling Plumbing Noise:

Water pipes and fixtures are rather inefficient noise radlators
becsuse of their small radiating surface areas. The major problem ariges
when such pources or thelr support systems are rigidly coupled to large
efficient noise radiating surfaces such aa wall, ceiling and floor strue-
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tures, Such surfaces, acting as sounding boards, reradiate the noisge at
more intense levels,

Some of the most common techniques used for the control and reduction
of plumbing nolse are given below. They are listed in order and should be
combined for greatest effectiveness,

(a) Isolation of plumbing system:

All effort expended for the proper design of a quiet plumbing system
is wasted if the system 1s not properly installed. Since large
efficient noise-radiating surfaces such as walls, ceilings and floors
pose the chief problem, efforts should be made to isolate the plumbing
system from these structures,

Bands or collers of resilient macterial such as rubber, neoprene,
felt or mineral wool should be placed around pipes at points of support,
e.g, plpe clamps, straps or hangers and penetrations through wall and
floor structures, In addition, when possible attach all pipe clamps or
supports to the most massive structural elements, such as masonry walls.
Avoid hanging pipes from floor jolsts or attaching them to lightwelght
wall surfaces. The above precautlions also should be observed when a large
number of pipe runs are to be cradled in a rack, or the rack itself should
be vibration ilsolated from the wall by means of rubber grommets,

Bath tubs, tollets and shower stalls should be set on underlayments
of cork, rubber, neoprene or other resllient materials or installed on
floating f£loors to reduce the transmission of noise due to falling water,
Likewise, the fixtures should be vibration isolated from supporting walls
by means of resilient gaskets. Such mounting precautions should be
observed with reapect to installation of wash basins and faucet fixtures
as well,

(b) Use of quiet fixtures:

Siphon~jet toilet and flush tank fixtures with adjustable flow valves
are considerably less noilsy than conventional models. Taps and faucets
using full-ported nozzles and equipped with anti-splash or aeration
devices produce little noise.

(e) Reduction of water pressure:

High-pressure plumbing systems are inherently noisy, due to the
resultant turbulent flow generated within such systems, The static
pressure of main water-supply lines of bulldings with three stories or
less should be regulated so that it will not exceed 50 psi. The water
pressure in branch lines serving individual apartment units should not
exceed 35 psi. In high-rise structures where high-pressure main supply
lines are required, pressure reducers or regulators should be used in
supply branches at wvarious floors to maintain water pressure within the
above limits,

(d) Reduction of water velocity:

High veloeity flow in a plumbing system, due chiefly to undersized
piping, gives rise to turbulence which frequently generates excessive
noise. A noticeable reduction in noise level may be obtained by using
proper size piping to lower the water veloeity, Flow velocities of the
order of 6 f£t/sec or less in domestic systems have been found to be quite
acceptable. Specified flow capaclty requirements can be met and a
substantial reduction in noise can be obtained by using both preasure
regulators and larger diameter piping in the plumbing system,
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(e) Use of flexible connectors and alr chambera:

Flexible connectors should be used in coupling supply and drain pipes
to vibrating appliances such as pumps, garbage dispesers, clothes and
dishwashers. Since such appliances frequently have electrically operated
shut-off valves, air chambers or other shock absorbing devices should be
installed in supply and drain lines to prevent water hammering of the
plumbing system, The alr pockets, rubber Iinserts or spring elements in
such devices act as shock-absorbing cushions.

(f) Use simple plumbing layout:

A well designed plumbing system with a minimun of fittings and bends
is substantially less nolsy than a complicated layout, Proper aize fit-
tings and large-radius elbows or bends should be used for improved
performance.

{(g) Location of supply and drain pipes away from quiet areas:

In order to prevent the transmisalon of noise into bedroom areas,
supply and drain pipes should not be Installed in walls common to bath-
rooms and bedrooms. Piping should be installed in partition walls which
separate adjacent bathroom or kitchen areas. Supply and drain pipes must
be isolated from internal studding or wall surfaces.

{(h) Sealing around pipe penetrations:

To prevent nolse leaks, seal all openings around pipe penetrations
through wall and floor structures with a non-setting waterproof caulking
compound, Party walls between bathrooms should be completely finished
to floor level on both sides, particularly in back-to-back tub and/or
shower installations, Failure to surface the walls behind tubs results
in serious nolse transmission problems, Likewlse, both subfleoring and
finish f£looring in bathroom areas should be completely finished before
tubs and shower stalls are Installed, Solid core doors with gaskets
and drop-closures should be used in bathroom areas to ensure much needed
privacy.

(i) Pipe enclosures:
Large diameter supply and drain pipes, particularly in high pressure

systems, frequently radiate considerable noise, Such pipes should be

boxed in gypsum board enclosures, preferably lined with acoustical material.

An alternate, though somewhat less effective, technique is to enclese the
pipes in thick glass fiber jackets with heavy impervious outer coverings
of plastic or leaded-vinyl materials. It has been suggested that the
glass fiber jackets should have a density of about 6 1b/cu ft and a
thickness of at least 3 inches. The impervious covering should weigh
at least 1 lb/sq ft,

Most of the above techniques used for the control and reduction of
plumbing noise are illustrated in the following chapter.

C. HEATING AND AIR~CONDITIONING SYSTEM NOISE

The increasing severity of the nolse problem associatad with heating,
ventilating and air-conditioning systems 18 duve primarily to the current
trend toward inatallation of the following types of systems:
(1) small, individual, apartment-aize unita in medium rise, garden-type
or townhouse buildings, Such units feature small-diameter, high-speed,
motor-coupled blowers and simplified supply ducts with open corridors
serving as centralized returns, and



(2) high-pressure, high-velocity, large centralized systems with
complex distribution networks in multistory or high-rise buildings.

I. Closet: Installation of Heating and Adir-Conditioning Equipment:

The conventional apartment-size heating and air-conditiconing
installations are notoriously noisy. Tenants complain vehemently that
thelr sleep is seriocusly disturbed due to the excessive operational
noise of the system. The nolsy equipment is a constant source of
irritation and annoyance even during thelr lelsure hours, Tenants must
tolerate the racket or else suffer the discomforts of a poorly heated
or alr-conditioned apartment when the equipment 1s turned off.

An examination of a typical installation shows that the nolse
problem is due to the following factors.

(a) Location of unit.

For economic reasons, the unit is generally installed at a central
location in the apartment. As a consequence, the disturbing noise is
radiated in all directlions throughout the apartment with equal facility.
The unit should be installed outside the apartment or in a kitchen or
laundry area which is far removed from nolse sensitive areas,

(b} Closet enclosure:

The central hall closet, in which units normally are installed, is
generally of wood stud emd gypsum board construction with louvered doors.
As a consequence, the furnace or alr-~conditioner nolse radiates with
virtually undiminished intensity Exom thls acoustically weak enclosure,
For adequate sound insulation, the closet walls should be of double stud
or resilient element construction surfaced with double layers of gypsum
board., Single masonry walls senled with masonry paint or plaster also
would provide adequate sound insulation. The closet should be closed
with a solid core door equipped with a perimeter rubber gasket seal and
drop closure, A small fan housed in a lined duct could be used for
Forced ventilation of the closet enclosure, 1if necessary.

(c) Blower:

Most apartment-silze heating and alr-conditioning units come equipped
with high-speed motor-coupled blowers which are frequently the chief
source of nolse. Large diameter, low-speed belt-driven bloweras are
substantially less nolsy, all other factors being equal.

(d) Central return duct:

The installation of the central return of a typlcal individual
apartment size heating and ailr-conditioning system has two serious short-
comings. The central return usually is coupled to the blower by a short-
length, unlined duet with a relatively large cross-sectional area, As a
result of the short transmission path and the lack of acoustical lining,
the return duct transmits and radiates the motor-blower noise with undi-
minished intensity. Since there are no return ducts in individual rooms,
entrance doors are undercut approximately one inch at the bottom to
provide passage of the alr and thus complete the circulation system.
Unfortunately, the large ailr gaps under the doors are extremely effl-
cient flanking nolse paths whieh effectively nullify the sound insula-
tion of intervening partition walls between adjeoining rooms.

A practical solution to these problems invelves:
(1) installing a flexible boot at the blower end of the return duct,
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{(2) lining all interior surfaces of the return duct with sound
absorbing material,

(3) 1installing solid-core doors equipped with threshold geals in
nolse sensitive areas such as bedrooms and bathrooms,

(4) 1installing in each room an ailr return which consists of both an
acoustically lined cavity within the wall and twoe grille openings
vertically staggered about six feet, similar te that shown in
Figure 8,34,

(5) 4installing approximately 5 lineal feet of acoustical lining in
supply ducts, preferably at the grille or discharge end. This
would provide a substantial reduction in noise from these outlets,

(e) Installation:
In most central-closet installations, the heating and air-condition-

ing equipment is mounted directly on the floor with all ducta coupled
directly to wall structures, As a consequence, the wall and floor
structures are set into vibration and reradiate the nolse with increased
intensity. Placing vibration isolators under the equipment and using
flexible boot connectors on supply and return ducts should reduce the
nolse output significantly.

Most of the control measures given above are illustrated in
Figures 8,32 through 8,30,

II. Central Building Inatallation of Large Heating and Air-Conditioning

Systems:
The high-pressure heating and air-conditioning installations in
large multistory buildings frequently are very nolsy and give rise to

numerous complaints from the occupants.

Causes or Sources of Nolse:

Owing to the complexities of such Installations, noilse may be
generated in a number of ways. The principle sources of nolse are:
(a) Turbulent air flow:

Turbulence in a duct system may be caused by high velocity eir flow,
pulses created by blower blades, or the f£low of air around sharp bends
or ragged edges,

(b) Resonance, pulsation, flexing, and drumming of duct walls:

Most air distribution systems with thin-wall sheet metal ducts can
be easily excited into resonance by the flow of alr {mpinging on the
duct walls and fan or motor vibration, Because of the thin-wall
construction and the lack of bracing or stiffeners, duct walls will
pulsate under the impact of the turbulent air, Direct coupling of fans
or motors to a duct system frequently causes the system to vibrate or
drum at frequencies associated with the fan or motor speeds., The
rattling or buzzing of a duct system often is caused by loose connections
which permit ducts to vibrate againat each other or thelr supports,

(¢} Mechanical noise and vibration:

Machanical noise generated by the operation of motors, compressors,
pumps, fans or blowers is transmitted along the air stream within the
duct system, The main sources of mechanical neise are ball and roller
bearings, motor commutators and brushes, belts and pulleys and fan or
blower blades, The air pulses from blower blades usually generate pure
tone at frequencles assoclated with the number of blades passing a
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Mechanical vibration in a heating and air-conditioning system
usually is caused by improper dynamic balance or alignment of rotating
units such as fans, hlowers, pulleys and motors. Defective ball or
roller bearings and bent shafts or axles may also he sources of
vibracion,

Methods for the Control of Heating and Air-Conditioning System Noise,

If noise problems assoclated with heating and alr~conditioning
equipment are to be avoided, careful consideration must be given to the
proper design and installation of the three major integral parts of the
system; mnamely:

(a) the mechanical equipment, which includes furnaces, blowers, fans,
motors, compressors and pumps, (b) the air distribution or duct systems
which include main asupply and return ducts as well as brunch networks,
and (c) the terminal units, which Include induction units, diffusers and
grilles,

To ensure a proper installation, the architect should consider
aach part separately in the order listed, nince thig represaents
the means by which nolse is transmitted frem the source to the
recaivor, the building occupant, The following noilse control measures

should he observed,

Heating and Cooling Equipment
(a) Selection of equipment:

Equipment should be selected on the basls of low noise cutput. The
more progressive manufacturers provide sound power ratings of most types
and sizes of equipment they market, Such ratings, which frequently con-
tain sound power levels in various frequency bands under different load
conditions, are useful for acoustical design purposes, A few salient
points worth remembering are;

1, It is less expensive to Install qulet equipment than to reduce the
neise output of a cheaper unit by costly acouatical treatment or
conatructlon,

2. Centrifugal fans are less nolay than vaneaxial fans, all other
factors being equal.

3, For a glven flow capacity, large-diameter, aslew-speed, belt-driven
blowers are substantially less nolsy than small-digmeter, high-speed
motor-coupled blowers,

4, For purposes of naise control, it is more advantageous to install
equipment with output capacities which are greater than requiréd instead
of installing smaller units which must labor continuously at maximum
speed in order to meet the building's minimal heating or cooling require~
ments,

(b) Location of equipment:

Basement or slab-on-grade locatlons, far removed from living quar-
ters, are preferred for medium~sized heating and cooling installations,
Roof top or intermedlate f£loor~level locations should be avoided,
particularly in multistory buildings of light frame construction, Such
locations usually give rise to serious noise and vibration problems,
which often are difficult and expensive to correct,

7-135

e A e e




Extremely large or heavy duty equipment associated with high-rise
buildings should he inatalled either in Aub-basement areas or in separate
buildings of windowless masonry comstruction, located a minimum of 200
feat from the nearest apartment bedroom area. In many instances, housing
such equipment in separate buildings 1s considerably cheaper than the
expensive sound insulating constructions vequired for in-house operation.
(e) Acoustical construction of equipment rooms:

Noise levels in equipment rooms which house heavy duty heating and
eir-conditioning equipment frequently exceed 90 dB, If such rooms are
near neise sensitlve areas, a high degree of acoustical separation or
isolation between the areas will be required to prevent serious noise
complaints., Either double wall construction or the use of closets,
corridors or storage areas as buffer zones is essential, in both
herizontal and vertical directions,

Double doors of solid core comstruction or heavy, thick refrigerator
type doors should be used in the equipment reom. Since such rooms
generally are quite reverberant, thick sound absorbing material should
be applied to the ceiling and 50% of the wall area., All penetrations
through wall and floor ceiling structures must be carefully sealed te
prevent nolse leakage. All ducts must be of heavy, double wall conakruc-
tion with innermost surfaces lined with acoustical material, Refer to
Figures 8.44 through 8.47.

(d) Inatallation of equipment:

1, Vibration isolation of equipment:

Very large and heavy blowers, motors, compressors, pumps and
calming chambers should be mounted on concrete inertia blocks or hases
which welgh at least three and preferably five times the combined weight
of the supported equipment, The inertia block should then be isolated
from the structural floor slab by means of vibration isolaters. The
architect should engage the services of vibration engineers in designing
the Iinstallation of large, heavy-duty equipment,.

In installations of lighter or smaller units, it might be sufficient
to mount the equipment on a heavy plywood base which rests on a resil-
ient underlayment. Such equipment may be mounted directly on the base-
ment or on-grade fleor slab providing that part of the slab directly
under the equipment 1s structurally isolated From the main building slab
by perimeter expansion joints,.

All rotating and reciprocating equipment should be dynamically
balanced to minimize vibrational resonance of fan blades, structural
frames, metal panels or component parts. Proper alignment between motor
and belt-driven or shaft-coupled units such as blowers, eirculating
pumps and compressors is essential for quiet operation. All pipe and
electrical lines should be connected to the equipment with flexible
connectors,

2. Vibratfon isolation of ducts from equipment,

In meoat vibration fsclated heating and air-conditioning installa-
tions, one of the greatest and most frequent mistakes is made at the
discharge end of the blower. In a typleal installation the discharge
port of the blower is connected by means of a flexible boot to a short-
length header duct of approximately the same cross secticnal area. This
header duct generally feeds into a vertical riser of the maln supply
duct system which 18 rigidly supported from the celling slab by tile rods.
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The point that Lnvariably is overlooked in such installations is
that the flexible boot cannot Lsolate the ductwork from the vibration of
the blower housing. The intense air-flow turbulence, which is generated
by the blower blades, is carried beyond the flexible boot with undimin~
ighed intensity snd causes flexing and pulsation of the duct walle and
severe vibration of the header and riser ducts. As a consequence, not
only is the flexible beot rendered useless, but the effectiveness of all
acnustical lining or sound silencers within such ducts is short circuit-
ed, since they are component parts of the vibrating source.

The vibration due to turbulence in a typlcal installation is many
times greater than that due te machanical vibration of the motor-blower
unlt, Of course, 1f opne eliminated the turbulence by reducing the blower
speed or removing the blower blades, the flexible boot would be most
effective in isolating the ductwork from the mechanical vibration of the
motor-blower unit. Unfortunately in most cases, this cannot be done
without gerioualy reducing the efficiency of the heating or cooling
operation,

The practicable solution to the problem of reducing turbulence in
and near the blower region involves the combined use of large-diameter,
slow-speed blowers and a plenum or calming chamber on the discharge side
of che blower,

3. Plenum or calming chambers:

The plenum chamber is a large volume enclosure designed to reduce
alr flow turbulence. It should be constructed of heavy metal or rigidly
braced walls with flexible boots fitted to flared intake and exhaust
ports,
The design of a plenum chamber should be based on the anticipated
alr flow velocity and the cross-sectional dimensions of the blower
discharge port. A conservative design of a plenum chamber, which should
be taken only as a gulde, might have a cross-sectional area approximately
ten times that of the discharge port and a length about 5 times the
largest port dimension. Streamlining the chamber and inserting split-
ters would simplify the problem of reducing alr turbulence. Lining khe
inside surfaces of the plenum chamber with sound absorbing materials
would reduce the noise level bulld~up due to reverberation and hence the
amount of noise transmitted along the duet passages. Refer teo Figure

8.435,

Ducts
Because ducts are extremely effiecient transmission paths of air-

jorne and structure-borne nolse and vibration, considerable attention
nust be gilven to the proper design, construction and Iinstallation of
ivet networks. Noise problems most common to ducts usually involve;
(a) Equipment noise:

Alrborne nolses from equipment are easlily transmitted through the
duct passages, The installation of sound absorbing lining or pre-
fabricated sound silencers in the ductwork will substantially reduce the
nolse transmissien,

(b} Croms talk:

Noige from one room to another i3 easily tranamitted through an
mlined duct serving both rooms. For example, this frequently occurs
{n a common return duet In back-to-back bathroom installations; or in
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common ducts in which the grille openings serving separate apartment
units are too closely spaced, Such problems also arise in exposed,
thin-wall main ducts which span across adjacent apartment units, even
though such ducts might not have any grille openings. Domestic nolses
may penetrate the thin walls of the ducts Iin one apartment, travel
through the short duct passage In the party wall and emerge through

the thin-wall duct of the adjoining apartment., Noilse transmission from
one apartment unit to another may also occur by way of ecpenings and holes
around poerly sealed duct penetrations through wall and floor structures,

The above noise transmission paths short-cirecuit the sound insula-
ting effectiveness of the intervening party walls and fleor structures,
The following corrective procedures should be used to eliminate the cross
talk problem,

1. Separate grille openings as widely as possible and line the inter-
vening duct run with acoustical material or install sound silencers or
baffles, preferably at the party wall junction, Avoild back-to-hack
grille openings at all costs,

2, Where common ducts are to be exposed in the apartments, heavy-wall
duct construction 1s essential, Double-~wall acoustically-lined ducts
are mandatory between high noise and sensitive areas, An alternative to
such construction would involve enclosing thin-wall duct Tuns Iin gypsum
bhoard,

3, 1Iscolate ducts from wall and floor structures at points of penetra-
tion with collars or sleeves of rubber, neoprene or other resilient
material; and use a non-setting, waterproof caulk at sueh points to
ensure an aircight seal,

(c) Duect vibration:

The turbulent air flow generated by the blower blades is the chief
caugse of duct vibration. In order to prevent the transfer of this
vibrational energy to the building structure, the following steps should
be taken:

(1) reduce the turbulence by using a properly designed blower and a
large plenum chamber with flexible boots at intake and exhaust ports;
(2} use resilient hangers and duct supports; {3) isolate ducts from
wall and fleor structures with resilient sleeves or collars at points
of penetration or termination; and (4) construct ducts of heavy gage
metal or use braces and stiffeners to prevent flexing and pulsation of
the duct walls.

(d) Turning vanes:

Turning vanes frequently are installed at sharp bends in ducts in
order to reduce the turbulence and thus minimize the nolse output.
Because such vaneg frequently are econstructed of light gage, loase
fitting parts which rescnate and rattle, they tend to intensify rather
than alleviate the noise problem. Such problems may be avoilded by
using streamlined vanes constructed of heavy gage metal conted with a
thick layer of vibration damping mastic. Prefabricated turning vanes
made of sound absorbing materigls are alsc efficient and quiet in
operation, Loose play or back-lash In the vane mounting should be
avolded to prevent rattling.

(e} Turbutence in branch ducts;
Noise from turbulence often occurs at "tee" or "ell" junctions of
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branch ducts and at grilles, diffusers or induction unlits, When the
turbulence occurs very close to the discharge terminals of unlined
ducts, the generated noise may be excessively high in level,

Any acoustical treatment installed in the main ducts to attenuate
equipment noise cannot possibly alleviate noise problems which originate
near the discharge ends of the branch ducts, The following steps should
be taken to prevent the occurrence of such problems:

(1) avoid sharp edges and corners by using flared or streamline~con-
toured "ell" and "tee'" connectors; (2) use branch ducts with sufficlent-
ly large cross-section areas or Install damper plates to reduce the

alr flow veloeity; and (3) install a minimum of 5 lineal feet of
acoustical lining at the grille end of all supply and return branch
ducts,

(£} Flow velocities:

High velocity air flow generates nolse not only within the ducts
but at the face of the outlet prille or diffuser as well, The intensity
of aerodynamic noise 1is strongly veloclty dependent and increases
approximately at the rate of the velocity raised to the fifth power,
in typical ventilation duct {nstallatiomns. Thus, for a given duet
area, a doubling of the flow velocity may incremse the output noige
level as much as 15 to 24 dB. Conversely, for a given mass or volume
£flow, doubling the area of the duct effectively reduces the flow
velocity about one half and may lower the output noilse by 15 to 24 dB.

In discharge ducts, alr flow velocities of about 15 feet per
second are quite acceptable in most apartment areas. However, to be
on the safe side, flow velocities in noise sensitive areas should be
lowered to ahout 8 or 9 feet per second,

(g) Noise radiated from duct walls:

The problem of noise radiation from ductwork generally is associ-
ated with large exposed ducts constructed of light gage metal, Such
nolse may result from thermal expansion and contraction of the ducts
or pulsation of duct walls dua to alr movement,

The duct systems should be designed so that a minimum number of
ducts are contained within occcupied areas. Large ducts which are
unaveidably exposed in occupled areas should be boxed-in with gypsum
board enclosures. Where large ducts cannot be enclosed, vibration
damping material should be applied to the surfaces of the duct walls,
Acoustical lining applied internally often serves the twe fold pur-
pose of attenuating airborne nolse from equipment and acting as a
vibration damper. If noise radiation from the duct system 1s excessive,
the duct walls should be encased in a heavy plaster jacket or wrapped
in a thick mineral wocl blanket with an Impervious plastic outer cover,
Grilles
Noises generated within induction units or at the faces of outlet
grilles or diffusers give rise to numerous complaints from tenants.
The intensity and characteristica of such nolse are dependent upon the
airflow velocity and the size and design of the outlet units., TFor
example, high veloeity air striking the face of an outlet grille often
generates a high-pitech whistling noise.
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Removal of the grille is a simple expedient teat to determine the
cause of noise, If there is no appreciable reduction in the noise out-
put without the grille, the noise may be due to turbulence within the
discharge duct or some other source farther back in the duct system, IF
there is a marked reduction in the noise output without the grille, it
is evident that the grille was at fault and therefore should be replaced
wi;? one of better design, or the air speed should be reduced if practi-
cable,

(a) Selection of outlet grilles and diffusers:

The following peints are worth remembering when choosing outlet
grilles and diffusers for quiet operation.

(1) Grilles or diffusers which radiate little noise are made of
heavy-gage metal with widely-spaced streamlined deflectors devold of
any sharp corners or edges.

(2) A wide-angle diffuser which gives a large spread of air will
generate substantially more noise then a small gpread unit, all other

factors being equal,
(3) Grilles conatructed of wire mesh or perforated metal facings

with large gap ratios are leas noisy than those with tightly woven or
small gap ratios which restrict or obstruct the alr flow.

(4) For a given flow velocity, doubling the number of outlet grilles
or the area of each grille increases the noise output approximarely 3 dB,
Conversely, if the volume of air or mass flow delivered by the grille
15 held constant, doubling the area of the grille will effectively reduce
the flow velocity about 50%, which will lower the output noige about
15 to 24 dB.

{b) Grille location:
Care must be taken to avold locating grilles near or in corners.

The surfaces near such locatfons act as sound reflectors and can increase
grille nolse levels about 6 to 8 dB. The most favorable grille location
is near the center of the ceflling. A grille imstelled in a wall should
be at least 6 feat from a corner and as low as practicable from the cefl-
ing edge.

D, MECHANTICAL EQUIPMENT AND APPLIANCE NOISE:

The foregoing discussion concerned the nolse problems agsoclated with
heating, alr-conditioning and plumbing systems. In many cases, the noise
from other building equipment gives rise to complaints from occupants.
Examples of such nolse sources are as follows,

(a) Cooling Towers:

Because such units usually are located on roof tops or in court yards,
they often cause complaints from occcupants in neighboring buildings as well
as from tenants of the apartment building serviced by the units. This is
particularly true when nearby apartment units arve located at the same
height or above the cooling tower, Generally speaking, fan nmolse can-
gtitutes the greatest disturbance. However, serious vibration problems
frequently occur in top-floor apartment areas, due to faulty roof-top
inatallations.

Such problems may be avolded by using equipment with large~diameter,
slow-speed fans, sound absorbing baffles and vibration imolation mounts,
as illustrated in Figure 8.65. Ground level installations of such
aquipment should be made at locations far removed from noise sensitive

7-20



areas. Roof-top installations should be made on the roof of the tallest
wing or sectkon of the bullding, preferably asbove a non-cecupied area.
(b) Electrical Circuit Equipment:

Automatically controlled electrical eircuit equipment consisting of
circuit breaskers, relays, mlicro-switches, timing units and selenoid
operated devices frequently generates humming, buzzing and clicking
noises which often reach disturbing levels and are most frritating because
of their impulsive and intermittent characteristics, Such equipment often
is housed in large switch boxes which act as sounding boards, Flush or
recegsed mounting of switch boxes in wall partitions usually weakens the
sound insulating performance of the wall which results in serlious nolse
transmission problems. Such equipment should be housed in vibration
isolated boxes which are surface-mounted on heavy masonry exterior walls,
Sea Figure 8,69,

(c) Elevator Hoist Equipment:
Heavy duty motors, hoists and drive mechanisms associated with

freight or service elevators should be vibration isolated to avoid
serious noise problems. Elevator shafts should be surrounded with storage
areas which act as buffer zones to isolate dwelling units from elevator

equipment noise. See Figure 8.14.

(d) Garage doors:
During the raising and lowering operations, electrically operated

overhead garage doors generate conslderable impact noise and vibration
in apartment units located directly above the garages, S5ince the impact
noise is produced primarily by the overhead doors jolting against back-
stops and dropping onto the garage floor slab, rubber bumpers should be
installed at the backstops and the base of the doors to absorb the impact
energy. A further reduction of impact noise and vibration may be
achieved by lsolating the guide tracks and motor-driven hoist mechanism
from the building structure by means of resilient mountings,

(e) Pressure Reducing Valves:

Large heavy duty reducing valves are capable of generating extremely
disturbing high-piteh hissing nolses. In order to isolate guch nolses,
pressure reducing valves should be located in basement equipment rooms or
in areas far removed from oceupled areas. The valve should be resiliently
mounted on n massive exterior wall, Under no conditions should the device
be mounted on party walla, regardless of wall construction.

(f) Swimming Pool Equipment:

In roof-top swimming pool installations, tenants often complain about
the noise and vibration from cireulating pumps, flltration systems,
shower baths and diving boards. Special precautions must be taken to
vibration isolate the entire installation including the swimmling pool,
water supply and drain systems, mechanical equipment and all assoclated
auxiliary or accessory equipment such as diving boards and slides. The
recommendations given in both this chapter and Chapter 8 relative to the
inatallation of plumbing systems, fixtures and related equipment should
be observed whenever possible,

(g) Ventilation and Exhaust Systems:
Likewlse, roof~-top installations of ventilation systems, including

exhaust fans and exposed duct runs, give rise to mumerous complaints
about fan nolse, vibration and afrcraft noise. Such installations must
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be isolated from the roof and building structures by means of resilient
mounts and flexible connectors, Exposed ductwork must be of double wall
construction and either lined with acoustical treatment or provided with
prefabricated sound silencers or bafflea, Such measures are uged both to
prevent transmission of alreraft noise into the duet system and to
attenuate any noise within the system before it reaches occupled areas,
Refer to Figure 8,63 for proper installatfon of roof-top ventllation,
equipment.

(h) Transformers:

Transformer installations in multistory bulldings may be sources of
objectionable low frequency humming noise and vibration, which usually
are caused by vibrational resonance of cores, coils and housing. Because
such nolse has low frequency components which are difficult to isclate,
transformers should be installed in non-sensitive areas such as basement
equipment rooms or in clesets surrounded by storage areas, If such
locations are not avallable, it is recommended that transformera be
installed in masonry enclosures, as illustrated by Figure 8,70. 4
considerable reduction in noise level may be obtained by vibration
isolating the transformer from the floor and building structure, Trans-
formers with low noise ratings are avallable and should be used whenever
posaible, Such units feature vibration mounts, good steel-core construc-
tion, single stacked lamination and varnish-impregnated cores and coils.
(1) Appliances:

Although mest household appliances are noilsy devices, the major nolse
problems are caused primarily by the faulty installation of buile-in
appliances, such as room air conditioners, dishwashers, clothes washers,
dryers and garbage disposers. The investment of properly installing
higher-priced quiet units is well repaid by fewer rental vacancles or the
savings in costly acoustical treatment required to isolate nolsy appli-
ances., Some of the more common appliances which frequently cause noige
problems are as followas:

1. Air conditiomers: In conventional room air conditionera, the high-
speed blowera radiate disturbing high frequency airborne noises, while
the motors and compressors generate low frequency vibration. Such
preblems can be avoided by using air conditioners which feature stream-
lined air passages, large-diameter slow-speed blowers and vibration
mounted motors and compressors. The problem can be simplified furcher if
sound abgorbing baffles and vibration damping materials are installed
inside the cabinets. It is essential that the air conditioner be
completely isolated from the building structure by means of a resilient
collar or perimeter gasket, as illustrated in Figure 8.1,

2. Dishwashers, dispoasals, cleothes washers and dryers: Dishwashers,
disposals and laundry appliances frequently are bullt into kitchen
cabinets, which abut or are installed along party walls. The high noige
levels produced by such appliances are further magnified by the rego-
nance and vibration of the hollow lightweight cabinets, which in turn set
party walls into vibration., BSolutions to this noise problem require the
use of quiet mppliances and, more importantly, proper location and
installation of the units. Dishwashers and garbage disposals should be
installed in cabinets along exterior walls., Measures should be taken to
isolate the appliances from both the cabinets and the floor by means of
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resilient gaskets and vibration mounte, as 1llustrated in Figures 8.1

and 8,2, Flexible connectors and air chambers should be installed im all
water lines feeding such units., The applicaticn of sound absorbing
materials inside of cabinets and dishwasher housings will improve the
noilse reduction,

3. Exhaust fans: Small high-speed exhaust fans commonly found in
kitchen, bathroom and laundry room areas generate excessive nolse and
vibration, To legsen the noise problem, aquirrel cage or centrifugal
fans should be used whenever possible in lleu of vaneaxial fans, Fans
should be isolated from exhaust ducts with rubber mounts, as i1llustrated
in Figure 8,3. The use of sound absorbing material in the exhaust duct
should provide a noticeable reduction in noise output.

4, Sewlng machines: Sewlng machines have become virtually household
necesslities among large families and the cause of increasing noise com-
plaints from cccupants, As a matter of convenlence, housewives usually
locate and use the machines in bedroom areas, which of course disturbs
the neighbors in bedrooms adjacent and below, One method of alleviating
this problem is to caution oeccupants asbout locating thelr sewing machines
against party walls and recommend that they place rubber mounts under the
lega of the machine cabinet, Such mounts should be provided by the
apartment management in order to gain better co-operation from the
occupants,

5. Small appliances: Small household appliances such as electric can
openers, knife sharpeners, mixers, ice crushers, blenders and pencil
sharpeners, are troubleaome sources of nolse and vibration, especilally
when guch devices are mounted on lightweight walls or are used on counter
tops., The only effsctive way of dealing with this noise problem 1a to
restrict tenants from mounting such appliances on walle and to provide
them with small sponge rubber pads on which to place their appliances,

6. Televisions, radios, stereo sets, planos: Although these devices are
primarily sources of alrborne noilse, they are capable of generating a
considerable amount of low frequency noise and wvibration. This {s
especially true of the large, multispeaker, high fidelity units, When
musical scores or orchestrations rich in bass are played, the vibrations
of the loudspeaker are transmitted through the egbinet enclosure and
legs to the supporting wall or floor structures, which in turn are
excited into vibration, Such problems may be avoided by placing suitably
designed rubber mounts under the legs of the cabinets or planos, A
rubber pad with a top plate of steel or hardboard should be used to
provide a uniform digtribution of the load, Sueh mounts are effective
vibrational isolators if they retain their compliance under load, 1In the
case of built-in-wall sets, the cabinets should be encased in rubber
gaskets to prevent mechanical contact with the wall struecture,

7. Central vacuum cleaner systems: Where such a system is installed,
tenants frequently complain about the high pitch noise generated by the
turbine-type blower and the hissing noise produced by the high velocity
alr rushing through the thin-wall plastic tube network, In most instal-
lations, the large tank-type cleaner is located in a basement area where
1t 1is mounted on an exterior wall, which is vented to diacharge the fine
dust particles, By virtue of this direct coupling, the wall transmita
and radiates the nolse and vibration from the moter and blower. The
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plastic tube network is riglidly coupled to the inner framework of wall
and floor structures, which in turn radiate the nofse generated by the
high-veloecity, turbulent air flow,

A considerable reduction in noise output may be obtained by: (a)
using rubber sleeves around the tubing to isolate it from the wall and
fleor structures, (b) isolating the tank unit from the wall by means
of resilient mounts, (c) inatalling flexible connectors between tubing
and wall outlets, tank unit and discharge vent, (d) encloaing tank unit
in outer metal jacket with mineral wool 1lining and {e) installing a
muffler on discharge vent,

8. Electronic eair filters: Tenants of luxury apartments occasionally
complain about the loud, sgharp, anspping nolses prodeced by the elec-
tronie air filter unit installed in the heating and air-~conditioning
pystem, Dust particles passing through the ionizing cell of the filter
are given an intense electrical charge and are collected by highly-
charged electrical platea. Abnormally large dust particles oceasionally
short across the electrical plates and cause arcing, which produces the
objectionable snapping noilse. This condition is most prevalent in newly
constructed buildings in which a considerable amount of airborne dust
may be present in the duct system and room areas. The problem even-
tually corrects 1tself ss the alr iz filtered free of the larger dust
particles through normal usage of the heating/sir-conditioning system,
However, the installation of acoustical lining in supply and return
ducte for the purpose of attenuating mechanical equipment noise will
alleviate the electronic filter noise problem as well,

E. LOW FREQUENCY VIBRATION FROM EXTERNAL SOQURCES;

Low frequency vibrations from industrial or commercial operations,
rallroad, subway and trucle traffic may give rise to complaints from
occupants of buildings erected near such sources, Since it is difficult
to prevent the transmission of low frequency vibrations into a building,
the most effective way of avoiding this problem is to erect the buillding
at a distance of at leaat several hundred feet from the source of
vibration.

Some of the following techniques have been used with wvarying degrees
of succegs to insulate buildings from externally induced low frequency
vibration.

(a) Base Plates:

Buildings have been erected upon thick base plates of lead, asbastos,

cork or bituminous materials which were sandwiched hetween the super-
structure and the supporting footings, foundations, piers and columns.
{b) <Cork Jackets:

In buildings of steel frame and masonry construction, cork Jackets
have been wrapped around steel girders to prevent vibratory transmission
between the exterior masonry walls and the structural frame of the
building.

(¢) Trenches:

The effectiveness of trenches cut Into the ground between the
building and the source of vibration is highly dependert on the nature
and properties of the ground and the foundation bed on which the build-
ing is erected, If -the building rests on a foundation bed of firm dry
gravel and the ground above is hard packed clay or sand, a trench which
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ia cut down to the gravel bed and filled with loose gravel may attenuate
low frequency vibration before it reaches the building. Rock, clay,
chalk and sand are considered to be relatively good transmitters of
vibration, whereas gravel 1s a rather poor conductor,
(d) Gravel Backfill:

Foundation walle are particularly susceptible to low frequency
vibration, due to their exposures of large surface areas, As a precau-
tionary measure to minimize the transmission of low frequency vibration,

" gravel should be used as a backfill against such walls, especially on

that side of the building which faces the source of vibration,
{e) Smooth Street Pavement:

The problem of vibration from heavy street traffic can be eased
considerably if atreets or roads are paved with thick smooth-surface
asphalt, In cases of concrete rosds, care should be exercised to make
the joints between concrete slabs as small as possible and to ensure
that the slabs are flush and level, particularly at the joints.
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CHAPTER 8

PRACTICAL SOLUTIONS TO CONTROL BUILDING NOISE

Although proper planning, selection and good acoustical design
relative to bullding sites, space arrangement, wall and fleor structures,
and bullding equipment and services are cssentlal for the overall success-
ful contrel of bullding noise, careful supervision must be exercised
during the "crucial stage" of actual construction or the costs and efforts
previcusly expended for this purpose might be wasted. As a consequence,
there is provided below and throughout this chapter a series of warnings,
precautions and suggestions in the form of a check list and more Impor-
tantly an extensive collection of detailed architectural drawings which
i1lustrate acoustically important building construction and installation
techniques. In these drawings, emphasis I3 placed primarily on the recom-
mended techniques and methods of construction and installation and not
necessarily on the types of wall and floor structures illustraced.

These drawings should not be considered as representing the only
possible solutions to the control of the overall building noise problems;
they are offered as examples of the techniques that might be used for
this purpose. Various types of wall and floor structures and indeed
different installation techniques, other than those Lllustrated, may be
used provided that they ave bascd on similar or equivalent neise control
principles.

ACQUSTICAL CHECK LIST WITH ARCHITECTURAL ILLUSTRATIONS

APPLIANCES See Figures 8.1, B.2 and 8.3,
Cabinet-installed or buili-in appliances such as
dish washers, clothes washers and dryers, garbage disposals
and exhaust fans should be provided with vibration isolators
and flexible connectors, and the cabinets in which they
are installed should be offset from the baek wall with
strip gasketing of such meterial as felt and cork. Win-
dow air conditioners should be completely vibration
isolated from surrounding window frame or bullding

structure,
BALLOON Avold using balloon framing in wood frame conatruction.
FRAMING The open troughs between studs and joists are efficient

sound transmission paths.

BUFFER ZONES Hallways, storvage arcas, closets with closed unlouvered
doors may be used quite effectively as buffer zones to
gain additional sound insulation between dwelling units;
or between such units and somewhat noilsier areas, such as
clevator shafts and laundry rooms.

CARPETS Use carpets and pads particularly in heavy pedestrian
traffic areas such as corridors and lobbics to reduce fooc-
step and impact nolse and provide additional sound absorp-
tion.

8-1
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AR LOCKS TO REDUCE USE RUBBER PADS AND GASKETS
WATER HAMMER NG, T0 VIBRATION ISOLATE
APPLIANCE FROM CARIKD

PERIMITER
pame RUBELR
CASKET

VIERATICN
1SOLATOR
L]

SUPPLY AND RITURK DUCTS SHOULD BE LIKED
WITH ACOUSTIC MATERIAL, APPROX. 10 MAIOR
DUCT DIMENSIONS IN LINGTH

SuppLY FIRETILE

ARIBE FURMACL,
CONMECTORS

ASBISTOS

s PIEATION
= HOUNTS g

PIRIMLTER
RUBBER CASKIT™~e__

Do DON't

Fig. B.1. Proper Installation of Appliancas,
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CEILINGS

CINDER BLOCK

CORRIDORS

Cellings suspended on resilient hangers provide
effective airborne and Impact sound insulation, However,
avold running a coptinuous suspended ceiling throughout
building., Installation of ductwork, grilles, receased
lights, ete, require special »ise control techniques.

As 8 precautionary measurce, coat exposed surfaces
of einder, masonry and concrete block walls with plaster,
grouting mix or masonry paint to seal pores, poor mortar
Jjoints and other possible noise leaks, aven if furred-
out surfaeces of gypsum board or plaster are applied
later,

Because of thelr reverberant characteristies, cor-
ridors and hallways usually are excessively noisy. Use
carpeting and/or acoustical ceilings in these areas to
reduce noise build-up.

. Tl

M

"8 T Ty g

Ty

A= RUBDER CASKET F- RING PLATE K- RING CLAMP

B« Sihk \ G- DISP'L ~ FLANGE L~ METAL GOVER

C- ACOUSTIC MAT'L H- STEEL NASWER M- GLASS®OOL

D- CAEINET 1= RURBER WASHER N~ BISP'L - HOUSING

E- WASTIC COAY J- A Q- RUBRER SLEEYE
P- RUBBLR HOSE

Fig. 8.2,

Dasign and Installation of Garbage Disposal for Quiet Operation.
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s

OUST WALL

MOLNT ARM »

RURBER CUPA

CEILING:

Fig. 8,3.

DOORS

RUBBER cup

EXHAUST pUCT

MOTOR

[~~—~SUPPORT RRACKEI

" LEILING MOUNT

SUPPORT BRACKET

teses COVER PLATL

e MOUNT ARM

WALL MOUNT

Proper Installatlon of Exhaust Fan,

Sea Figures 8.4, 8,5, B.6 and B.7,

Exterior, apartment entrance, bedroom and bathroom
doora ahould be of solid core construction, Door closers
should be Lnstalled on excerloy and entrance doors to
eliminate door slam noise, Entrance doors should be
staggercd, Gaskets and drop closures should be instelled
ont bedroom and bathroom doors, Sliding or folding closet
doors should be inatslled in tracka which are vibration
isolated from adjoining walle or ceilings.

Door kneckers are noisy nulsances which ecould well
be eliminated in multifamily dwellings without incon-
venience te the occcupant, Door chimes should be used
in 1ieuw of deoor knockers. When installed on non-party
walls inside dwelling units, door chimes are less apt to
digturb the neighbors. If deer knockers are to be used,
vibratlon isolating mounting is required,
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SCLID CORE DOOR
WITH GASKETS AND
DROP CLOSURE

APT, A

BALL WITH CARPET & ACCUSTIC CEILING

APT G |[[ aPr. B

"

TER

HOLLDW CORE DOOR

NG CASKITS,
174" AIR GAR

' ATSILL

P APL 8

I e NI

HALL WITH HARD FLOOR & CEILING

l AT, €

JS' APT, D

BET
F} < I /\eﬂl
ART. A APL 8

HALL WITH CARPET B ACOUSTIC COILING

APT, C l AP, D

BEST

AUTOMATIC

BROP

DOOR YAMB GASKETS

TUBE
LAP GASKET
JOINT IN5H8
———

bOOR $ICL CLOSURES

Fig, 8.4, Acecptable Loecations and Gasketing of Deors,

ceoseRr i g2

“grfr

R
Y
.&F
FLAKGED HH
oLE N
/ N knecker
A @

7

FOLDING DOOR

Fig. 5.5, (On the

Fig. 8.6. {Below)

Lefte)
Mounting of Doox Knockers.

Proper Installation of
Folding and Sliding Doors.

P MR
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BUCTS Sce Flgures 8,8, 8.9, 8,10, B8.11 and 8,12

Since ducta are extremely efficient sound tranamin-
sion paths, conaiderable precaution muat be taken to
avold cross-talk, ventilation, combustien and equipment
nolse, Avold running ducts as & commaon supply or raturn
batween dwelling units, unless such systems are properly

batfled nnd lined with sound abaorbing material. The

commen practice, In wood Erame structures, of using
troughs between jolsts a8 a commen raturn duct batween
dwallings results in very sorious nolsc transmiasion
problems. Caulk or seal around ducts at all points of

peretrations cthrough particlons.

Use double~wall ducts,

acoustical lining, flexible boots and resilient hangers
whare required, Dwelling units should be serviced by
saparate supply and return ducts which branch off a

mailn duct system.

'I
ORI [ TR
ST WALL : IUREET NNl

it - ACORNTE
et U T T

RVIBER y
GABLET 5 A
.-.fg;c,_ (L1 chiLIEs
4 NARRLIY JRILLE
£ L] LN EA L]
[T IITII T ] ? " MLGLL

Fig. 8.8, - Proper Inatallation of Ductwark.

DON'T

THIN-WALL
UM (KED SUCT

AVEH B THIN-WALL UNLINED BUCTS
WOISY [QUIF, ,:‘;'mmmm BOOT AT APL NIISY EQUIP,
ROoM WALL, (N NOISY AREAS, Roow

Fig, 8,9, Inatallation af Duckwork through Equipment
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WHEN TROUGHS BIWN. JCISTS ARE SEDAS RETURN DUCTS, INSTALL
SOUN( SILENCERS IN ALL YINT DPENINGS, MINIMIZE AND CAULK OR SEAL
PENETRATIONS AND USE SQUND ABSORBING LINING OR ELANKETS.

The above installation generally is not recommended in design of new
buildings, but may be used to some degree as a corrective measure in
existing buildings with the type of noise problem {lluatrated below.

DON'T

AVO(D USING TROUGHS BIWN 01573 AS
SUPPLY GR RETURN DUCTS, ESPECIALLY WHEN
FLOORS A/C CEJLINGS HAVE FIXTLRE OPENINGS.

GYPSUM 80
CErLING

LYGHT FIXTURE

NOISE

Fig. 8.11. Installation of Ductwork batwesn Wooden Joists,
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ELECTRICAL See Figure 8,13,

FIXTURES Avoid back-to«back installation of electrical out-
leta in party walls, Avold short-circuiting of double
walls or walls with resilient type construction by care-

Back-plaster or bex-in

recessed fixtures in ceilings as well as walls,

less installation of conduits,

SWITCH OR ELLCTRICAL OUTLET, Do
USE QUIET TYPE LIGHT SWIICHLS

THRCUGHOUT APTS, PARTICULARLY

1K PARTY WALLS,

Fig, 8,13, Installation of Electrical Outlets,
ELEVATORS See Figure B,14.

DISCOURAGE PLACEMENT OF TV SETS
ADAINST PARTY WALLS BY PROVIDING
TV AHITL QUTLETS |N HOK-PARTY WALLS
AVOID RECES 50 BACK-10-BACK
MOUNTING OF ILECTRECAL QUTLETS

Avoid locating elevator shafts next to quiet

dwellings arens. Select quiet units,

Vibration

tsclate hoist equipment, buzzers or bella, and other

vibrating devices.

ML A i] ﬂ s

SORLAGA (211N CanpLy

AN ASBIRTIE CELNaN)
L
X ! H [T
ELEVATOR
fLIvint H T
e 1
SANTE
nils
ELEYATION LAY
Fig. 8.14. Elevator Installatiom,
EXPANSICN Plan and use expansion joints for the additional
JOINTS purpoge of reducing tranamission of structure-borne

noise and vibvation, e.g. arvound equipment rooms.

{See "INERTIA BLOCKS".)

FANS Large-digmeter, slow-speed fans ara less nolsy
than the opposite type, and should be used parcicularly

in heating and alr-conditioning systems,
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See Figures 8.15 and 8,16,

FLEXIBLE :
CONNECTORS tise Flexible connceters in plumbing, heating and i
electrical systems which arve connected te vibrating i
equipment such as washers, dryers, compressors, pumps 4
and blowers. Connectors such as f£lexible boots, conduits g
and rubber hoses should be installed as near to vibrating g
equipment as possible. Proper installation of flexible ;
connactors is important to minimize excessive wear.
MUBBFA N BHEAN
RESILIENT MANDEN
te/ LR g sReRerTE,
FLEXINE EORDUIT Fig. 8.15. Flexible
Connectors.
PACK & CAULK
PLEKIALE
[ T = ATTER
’:fl"!:“fll'mll
LE
?v‘#rz ‘c:ﬁ.?l‘:: PALK & CAUCK 174" JOHNT
JOINE TISHT

Fig. 8.16.

FLOOR-CEILING
STRUCTURES

ot B

>

val

XD
o

oW

&
.,

‘.-
X

%
47,

o

Proper Installation of Flexible Connectors,

See Figures 8,17 and 8,18,

Remember that floor systems must provide an accept- E
able degree of both airborne and impact sound insulation. !
Depending on the functions of the spaces to be separated, i
select floors with the proper type of construction as T
well as appropriate STC and XIC values, Avoid running
structural f£loors continuously through dwelling units,
Use discontinuous type construction. Aveid running
floating floors continuously through dwelling units. i
Each dwelling unit should have a separate floating i
floor structure, Use carpets and pads and floors floated I
on reslilient underlays to reduce impact noise. i
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GOOD CONSTRUCTION

BTWN. STUDS

FISIL UNDIRLAY

LYwoo o
OINTS STAG'D
LB LT GASKLT

CQHK GASKET

RISIL LKBIRLAY
TURNLD UP AT [DGIS

POOR CONSTRUCTION

AFL, A ML R

aRT, £

AT, A AL
GLALS W0OL ALSIL CLIPS
AIS L. UNDERLAY WATH & FEASTIR

JOINTS STAG'D

DAL, LAYER PLYWOOD

TURNEG UIP AT

RESIL UNDERLAY

n
gasKT e RESIL ELIFS
NOH-10AD BLARING——"l} METAL LATH SIRBORNE
A & PLASTIA OISt
APL € APL D AP C AP D
AP A ARL B
APL 4 APL B
RAISIL CLIPS & 7 LAYIRS
GYPIUM DL
¥E" PLYWO00
LI GasKel
[} ' PLASTIC MIMARANE INPACT

CORK CASKITSE”"

INSTALL MIKIRAL
WOOL INSULATION
INALL VOI DS AWK
HISTS, STU0S, F1L

APL C

Fig. 8.18,

ON RISIL UNKALAY

NONLOAD ATARING
WALL

AFL B

RISIL CLEPS,
TLAYERS
CYPSLM BO.

AIRBORNE SOUND
PATH BTWA. JOISTS

L~

Architectural Datailing of Wall and Floor Junctions.
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FLOOR
CONSTRUCTION

See Figures 8,19 through B,28.

Many of the fleor structures which provide adequate
impact isolation invelve a "floating' eonstruction; that
is, either a wooden raft or concrete "sereed" supperted
on a resilient layer of some kind which rests on the
basic structural flocor. The following points are rele-
vant to these types of floors.

a. The total construction betwegen spaces must be afir-
tight. This applies to walls as well as floor-
celling copstruction,

b. The "floating” construction must not in any way teuch
the surrounding construction through any rigid mate-
rial.

¢. Note that most resilient materials which are used
are penetrable by water. Be extremaly careful to
seal all pipe, chase or duct penectrations of the con-
struction with a flexible, non-havdening material
which will exclude water from the material.

d. Floating concrete screeds poured over resilient mate-
rials require a waterprocf membrane between the blan-
ket and the concrete to prevent formation of "fins"
or other short circuiting between Joints in the resil-
ient material. As workmen are usually not particularly
careful when pouring concrete, a rigid, protective
layer {e.g. l/4-in. plywood) is racommended to pre-
vent rupture of the membrane during placement of rein-
foreing and pouring of concrete,

e. Floating wood rafts are easily ''shorted out" by nail-
ing through the resilient material to the sub-floor,
Care in detailing and specification 1s mandatery to
point out to the centractor the requirements for resil-
ient construction,

f£. Edge joints at the perimeter of a floated conastruction
are potential trouble spots, Do not attach solid
base boards to both the wall and the fleor. Do not
"ahort cut" the resilient construction with toe mold-
ings.

g. For floating screeds, 150 sg ft is about the largest
area of 2-in. concrete which can be poured without
reinforcement to prevent edge curl, For larger
floors, the use of reinforcement or thick (4 in.)
rafts of concrete is necessary.

h, Some scttlement of resilient material {about 3% of
initial thickness} may be expected over a long period
of time, Allow for this contingency in architectural
details,

i. Some of the "floating" ceiling constructions call for
spring clip support of battens under joists. Note
that nailing through the batten into the joists must
be avolded in these cases,
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FLOATING

FLOATING .
N FLOOR
; > SR RESILIENT
T e ERIAL ~ ] P OREY T VATERIAL
; LEVELING SCREED —~ 3 WOOD OR FIBER
A OR SPACER AND
CONCRETE FILL SERVICE

. STRUCTURAL SLAB~
! Fig. 8.19. Acceptable Serviee Arrangement under Floating Floors.

£~ SHORT CIRCUIT

Fig. 8.20. Unacceptable Scrvice Arrangement under Floatlng Floors,
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\ CAULK
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i SLEEVE 2 FLOOR BOX
CAULK
TWO SLEEVES ARE REQUIRED PENETRATIONS OF FLOATING

TO PASS PIPE, ETC. THROUGH FLOORS MUST NOT "SHORT out"
FLOATING FLOOR THE RESILIENT LAYER

' Fig. 8.21., Service Arrangement through Floating Fleors.
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Fig. 8.22. Example of Floating Floor Construction.

3" WCOL OR (LASS FIDER BLANKET BETWEEN
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IMPACT SOUND INSULATION
CARPET O UNDERPAD
, WALL TO WALL IN AL
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i
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[
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BOXED IN LIGHT FIXTURE

PACKED B CAULKED RESILIENT
DO NOT "SHORT CIRGUIT™ ISOL ATION

i

5

SPRING

e

W NCTE! DO NOT NAIL, THROUGH BATTENS INTO JOISTS,

WALL CEJLING EDGE

spring clip

] 2 3
GLUE ON INSTALL  CUT OFF
and channel a

GLASS FIBER CEILING
CAULK

Fig., 8.23, Exoemple of Resiliently Heng Cetling,
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Fig. 8.24, Constructional Detailing
of a Floating Floor,

CARPET 8 UMDERPAD
LEVELING SCRCLD

CONCREYE JOIATS

PLASTER ON CHANNEL
SUPPORT UNDER JOISTS

HOTE! PLASTER MUST 8C AIRTIOHT.
CARPET MUST EXTEWD WALL TO WALL
INCLUONG CORRIDORS.

Fig. B.25.

Censtructional Detalling
of n Convontlonal Floor.

Caution must be exercised when supporting partitions on floating
floora to pravent structural failures or short circuiting of the

floating element, as illustrakted.

For proper installatien of floating floors and partition walls
soe other illustrarions of sueh constructions in this chapter.

Fig. 8.26, Problems Associated with Floating Floors.

LAAR ALy PEMETRATIONS AINTIGHT
Wild NOW'HANDEMNG COMPOUND
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AEBLIENT HANDER
BELICT & SFACE FOM i/4”
STA1IE DEFLIETION
SYPAUN LATH & PLASTER CEILING
PACK MMMETER JONT (1741 wiTn
- KEHLIERT MATERLL & CAULN
WifH HOM-HARLENING COMPOURD

L1 1] ‘!ll.lﬁl BUST BE AIRTIGNT B FREE OF FERMMETIN WaLLD,
AN MPEDR, [TE. PLESIOLE CONOUIR AEQUIRED
!bﬁ‘ lﬂ“‘!l:lL FORNECTIONS
Fig. 8.27. Constructional PBetailing of
Resiliently Hung Cellings.
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FLOOR JOISTS

FURNACES

GARAGES

GARBAGE CANS

GRILLES

INCINERATOR
CHUTES

See Figuvres 8,29, 8,30 and 8,31,

Continuocus runs of floor joists which span across
dwelling units act as flanking paths for transmission of
structure-borne and airborne noise, This oceurs where
joists are parallel to party walls as well as perpendic-
ular to such walls. The solution to this problem involves
hlocking of spaces between joists as well as using dis~
continuous type joist comstruction. Likewise, proper
bonding or joining of floor structures to exterior or
load bearing walls is nceessary for the control of flank-
ing noise transmission.

Sec Figures 8.32 through 8,36,

Installing separate heating and cooling systems with-
in individual dwelling units has become the source of
many cccupant complaints. " The cxeessive noise produced
by sueh systems is generally due to the following factors:
(1) a center hall closet installation of the equipment
near bedroom or living room atreas, (2) a direct motor-
driven small-diameter, high~speed blower, and (3) a large
central alr rveturn duct or grille, Solutions to this
problem are: locate such equipment near an exterior wall
in a non-critical area such as a kitchen, select equip-
menk with belt-driven large-dlameter slow-speed blowers,
and use sound absorbing lining in return duct.

See Figure 8.37.

Garages located directly below dwelling units are
frequently a cause of complaints regarding both airborne
and Impact nolse; the latter results from slamming or
operating garage doors. Measures must be taken to insu-
late against both types of noise.

The collection of parbage, particularly from galva-
nized metal cans, Ls generally not only a noilsy but most
disturbing operation, especially during the early morning
hours. Ways of coping with this problem invelve: {(a) lo-
cate collection point away from nolse sensitive areas,
{b) use flexible plastic rather than metal containers,
and (e¢) schedule collection time later in the day.

See Figure 8.38.
For a given mass-flow, large area grilles are less

noisy than small area units. Aveld using sharp edges,
loose fittings, or wide-angle deflectors or louvers,

Avoid celling-corner locations. Central ceiling or above-
center wall loecations are usually less noisy.

See Figure 8.39.

Incinerator chutes which are quite noisy should be
isolated from structural walls by means of resilient in-
serts between chute and clamps or holders., Vertical
alignment of the chute should be plumb and outer surfaces
should be coated with visco-elastic material similar to
that used In undercoating automobiles.

8«19
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Fig. 8,29, Architectural Detalling of Wall-Floar Junctions: Walla
Parallel to Floor Jolats,
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Fig, 8,30, Architectural Dotailing of Wall=-Fleor Junctlons: Walls Parpen-
dlcular to Floar Joists,
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Fig, 8,31, Proper Bonding of Floors to Exterior Walls.
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Aoty FURNACE A0
AlR CONDITIGER

VIBRATION SOLATORS
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JQENTS STACGERED

2 LAYERS GYPSUM BD.
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L GLASS WOOL
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i
3 Fig. 8.32, Attic Instnllation of Furnace endfor Air Conditioner,
I
1
i
§
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i LIVING ROOM BEDROCM LIVENG RODM BEUROOM LIVING ROOM JEORDOM
]
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Fig. 8.33, Location of Furnace-Alr Conditioner Unict.

USE CAVETY BETWIEN
STUDS AS A LINED

Fig, 8,34, Design of Return Duct
of Closet-Installed Furnace.

ACOUSTIC il
LINING i
i

3
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Fig. 8,35, Closec Installation of Furnace.
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YIARATION
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WooL

RISILIENT
CEILNG
HANGERS.
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CLILIKG SLAB

ACOUSTIC
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Plg, 8.36. Proper Installatiop of Furnace DNuctwork.
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Fig. 8.37, Acoustical Treatment of Garages. ;
B

B R

ACOUSTIC LINING §

- i

FOR QUIE OPERANON: i

ST LARGE 512E GRILIE, o1, ?

LENGTH OF ACOUSTIC LINING H

IN EACH DUCT RUN, ROUNDID DUCT i

CORNERS AND STREAMALINED DEFLECTORS H

OR WIDE-MESH GRILLE FACE AVOLD SHARP i

EDGLS, 3

& i

4

i

4

;

Fig. 8.38. Acoustical Design and Treatment of Grilles, :

INERTIA See Figure B,40. i

BLOCKS Large heavy electro-mechanieal equipment should -

be mounted on vibration isolated inertia blocks for .

better welght distributien and more efficient iselation, P

JOINTS Poar mortar joints in masonry wall construction ‘

MORTAR, frequently result in serious noise leaks, Special care :
GYPSUM BD, should be used in loying block walls and as a precaution-

ary measure exterior surfaces of the wall should be eoat-
ed with plaster, grouting mix or masonry paint. All
joints in gypsum board construction should ba-supported
or backed with a furring strip, nailing channel or scrap
strips of pypsum board to effect an airtight seal and re-
duce cracking at joints due to warping or contraction,
All joints should be sealed and taped.
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MASONRY WALL

1" CLEARANCE H1WH,
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MASTIC COATING
1121, OF Duct
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MOUNTING
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W
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MASTIC-COATED
ON TOP, SIDES
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Fig. 8.19., Proper Installation of Incilnerator Chutes and Bins.
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INCRTIA

aLock

VIBRATION

1S0LATCR

CLOSED CELL
AUBBER GASKET

|SOLATOR

GOOD
Vibration Isolation of Mechanical Equipment.

Fig. 8.40.

KITCHEN
CABINETS

See Figure 8.41.
Avold lnstalling kitchen cabinets on party walls,

since they are a source of impact noise,

¥IBRATION

INERTEA BLOCK

CLOSED CELL
RUBBER GASKET

RETALNER
CuRB

iy

Bt
R

EXCELLENT

Cabipnets ghould

never be mounted on walls constructed with resilient
The mounting bolte will "shorc cirvcuit' the

advantages of asuch conatruction.

elements,

PARTY WALL

KITCHEN B g
A g

INSTALL CABINETS ON EXTERIOR
OH KON-PARTY WALLS,

Fig, 8.41.

API. B

00L

PARTY WALLS CF DOUBLE-WALL
CONSTRUCTION MUST BE USTD

FOR ATIQUATE IMPACT NOISE

ISOLATION & LOAD BEARING CAPACITY

IF CASINETS ARE 1O 8L MOUNTED ON THEM

Installation of Kitchen Cabinets,
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MOUNTING BOLTS
SHORT CIRCUET
RESILIENT SPRINGS

NEVER MOUNT CABINETS ON SINGLE
MASONRY TYPL PANTY WALLS OR WALLS
USING RESILIENT SPRINGS OR CHANNELS,
LATTER WALLS ARE MOT SUITE0 FOR
SUPPORTING CABENLT LOADS,




LAUNDRY ROOMS

4¥YPS

MASONRY CONSTRUCTION

UM BD. CEILING
ON RESILIENT HANGERS

See Figure B.42.

Laundry rooms located adjscent to or below dwelling
units are potential trouble apets Lf adequate precaution-
ary measures are not taken. Such rooms should be locaced
away from dwelling areas.

FRAME CONSTRUCTIGN

2" HI- STRINGTH CONG.
s e FINISH FLOGR we i
.3&?&&%@&33%%%2?%:&&"-"-wu'
e o o B -
GYPSUM BD. CEILING O RESIL IEAT ;
N Ci1PS OR CHAMAILS Acoustic TILE
RUBEIR STHIR5
OB, PO

\[[ollo

A

UOR SLAB

Fig. §.42, Acoustical Treatment of Laundry Rooms.

LIGHTING
FIXTURES

MASKING NOLSE

MECHANTCAL
EQUIPMENT
ROGMS

Sec Figure 8.43.

Special techniques must be used during installation
of surface or recessed-mounted light fixtures in order
ta preserve the sound inmsulation of wall or floow-ceiling
structures, especielly if sueh structures invelve spring
¢lips or resilient channels. Fluorescent lights frequent-
ly produce a disturbing hum. IE such lights are to be
used, select types which have an external ballast, The
ballast unit should be vibration isolated by means of
rubber grommets from the base of the light fixture as
well as the celling or wall surface. Silent light
awitches should he Installed particularly in party walls
and preferably throughout the entire dwelling unic,

Although masking noise may be quite effective in
overriding disturbing noises, it should not be used as a
technique for improving the sound insulatien between
dwelling units in liou of wsing particicns with high
3TC or IIC ratings, See Chapter & for limitatlons on
use of masking noise,

Sea Figures 8.44% and 8.45.

Such rooms should be lecated In basement atreas far
removed from dwelling areas. All mechanical equipment
and associated distribution systems sheould be mounted or
supported on vibration isolators. Very large or high
capacity equipment should be housed in separate buildings,
topaideration should be given to selection ef equipment
aon the basla of low nolse output as well as degired capa-
efty vatinga, Sec Figures 8.46 and 8.47 for illustracions
of the effectivencss of various sound {nsulatipg techniques
relative to noisy mechanical equipment.
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MIXED See Figures B.48 and 8.49,

CONSTRUCTLONS Avold mixing construction of floog-celling and wall
partitions, unless provisiens have been made to prevent
transmission of flanking noise,

DO NOT MIX CONSTRUCTION TYPES

FLOATING

FLARKING NOJSE PATHS
THROUGH FLOJRS

Fig. 8.,48. Acoustical Failures Due to Mixed Constructions.

FLOATING
v / FLOOR

FANILY ROON

DO NOT MIX CONSTRUCTION TYPES UNLESS PROVISIONS
HAVE BEEN MADE T0 PREVENT "FLANKING",

THESE PROVISIONS INCLUDE EXPANSION JOINTS OR
BREAKS IN ALL STRUCTURAL PATHS BETWEEN EACH SPACE.

Fig. 8.49. Flanking Paths in Mixed Construction Types of Fleors,
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NOISE
BARRIERS

OPENINGS
IN WALLS

PLENUM
SPACES

PLUMBING

II.

III,

See D in Figure 8.76.

Use nnise barriers wherever practicable as a sup-
plemental noise eontrol device, e.g. as a partial exterior
wall between dwelling units or as a patic or garden wall
opposite living room or bhedroom areas which might front
an nolsy streets,

Cne should remember that small openings, eracks or
holes in wall and floor-ceiling atructures may become
very serious noilse leaks, particularly in walls with high
STC ratings.

See Figure 8.50.

Open ceiling plenums, attic spaces, basement areas
and crawl spaces which span uninterruptedly across dwell-
ing units serve as flanking transmission paths of afr-
borne noise., Such areas should be completely subdivided
with full helght partitions or barriers directly above
and below the party walls separating dwelling units,

Probably becguse of its characteristic invasion of
one's privacy, plumbing noise ranks as the most disturb-
ing and offensive noise to which building ocecupants are
expesed. The following should be used to minimize plumb-
ing noise.

See Fipures 8,51 through 8,57,

a, Tsplate pipes, fictings and fixtures Ffrom bullding
structures, dspecially lightweight partitions, by
means of resilient sleeves, mounts and underlayments.

b, WUse simple design pipe layouta, i.e., long straight
runs with a minimum of elbows and T coannectors.

Large radius elbows and conrectors should be used

te minimlize excessive water turbulence and hammering.
See FPigures 8.58 through 8,61,
a, Reduce water pressure and velocity by means of pres-

sure reducing valves and oversized plping, respectively.

b, Use large air or fluid chambers in both hot and cold
water lines to reduce water hammer produced by appli-
ances cqulppad with quick closing valves.

¢, Use full ported faucets, valves, ete., to reduce hiss-
ing noise,

d, Remove alr and gas bubbles from plumbing systems to
reduce gurgling noise,

e, Avoid using oversize pumps in hot water heating systems.

f., Locate steam valves in Lsolated basement equipment
rooms or preferably in underground pits outside of
building.

a, Avoid lecating supply and drain pilpes near quiet bed-
room and living room areas.

b, Bathroom party walls should be completely surfaced on
bhoth sides from floor to ceiling before tubs are in-
stalled.

c., Seal all openings or cracks around plpe penetrations.

d. Install solid core deors equipped with gaskets and
drop closures in bathroom areas.
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! Fig. 8.61. Bath Tub and/or Shower Installation,

RAIN GUTTERS
AND SPOUTS

RESILIENT
ELEMENTS

REVERBERATION

See Figuvre 8.62,

The plunking noise of water dropping down a rain
pipe, particularly during the night, {s mere disturbing
than thar of deipping Faucets, simply becausc one cannot
turn it off. The following measures should be used to
minimize such noise.

a, Avoid installing vertical drain pipes outside of bed-
room or living room arcas,

b, UIsolate vertical drains from building structure by
using eubber sleeves at pgutter spouts and pipe clamps,
and use soft vinyl or rubber olbow at base of drainm,

¢. Coat either interior or exterilor pipe surfaces with
a muastle compound cto dampen vibration.

Resilient elements auch as spring clips or channels,
rubber sleeves, flexible boots, rubber, cork or felt ine
derts, and carpots, pads or glass fiber underlays should
be used wherever practicable for purposes of lsolating
vibrating devices or systems Erom building structures to
reduce transmission of fmpact and structure-borne noise.

Reverberation or noise build-up in sueh arcas as
antrance lobhies and corridors can be contrelled by using
such materials or furnishings as acoustical tile eellings,
carpete and pads, draperies and upholstered furniture.
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! Fig. 8,62, Proper Installation »f Raip Outters and Spours.

o RISERS See Figure 8,63,
i " Vertieal ducts or ventilation risers mounted on the

' exterior of buildings frequently are the cause of nolse

complaints, Such devices often rattle in windy areas or ‘;
snap, crackle and pop, owing te thermal expansien and con- ]
traction with eurdoor temperarture variation. Further, it
the outdoor neise of alrcrafe, traffic, ete., are easily “
transmitted by the thin-wall duct and carried into the n
building interior. All exterior ductwork should be of 1.{
double-wall construction with acoustic lining and silenc- M
era, :
DON'T ‘,
Absont. :
A€, foUIP, ; : m (—':—'ﬂ! k
YIBRATION ; } %
t TRANSMITTER 5 FLEX. BQOT QUISEDE NOISE i
o5 TU“"“# “30’- e e ' FERETRAILS THIN B
h SLILNG AN ; AA-COND, [peamrngre SINGLE-WALL DUCT ;
EQUIP, n
) HO VIBRATION
é ISOIATION
: '=55.q§-.gg$ e, S Onee A B

O I ) (. 2

= A v

DOUBLE-WALL puct

ACOUSTIC -
LINING :

LOW FREQ,
SOUND ABSORE,

ROOF 5148

SUSPERDED CECLING DIFFUSER

FPig. 8.63. 1Installatfon of Ronf Mounted Air-Conditioning Equipment.
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RODS, ROLLERS

ROOFS

SCUND
ABSORBERS,
SILENGERS

SQUEAKING
FLOORS

See Figure B8.64.

Closct or shower rods and paper rollers or dispensers
should be vibration isolated from well by means of rubber
cups, grommets or spacers,

Sea Figures 8,63 and B.65.

Penetrations in roofs, particularly for ventilation
and exhaust systems, often allow excessive transmission
of outdoor nolse iato the buillding if precautionary mea-
sures are not taken,

Roof mounted equipment such as ventilation fans, com-
pressors and cooling towers invariably give rise to puob-
lems ifnvolving excessive alrborne and structure-borne
noilse radlation as well as vibratilon. The nolse and vi-
bratlon isolation of such equipment Is substantially more
efficient and much easler to cope with in basement Lnstal-
lations.

See Figure 8.66.

Sound absorbing materials in the form of duct lining,
prefabricated silencers or blankets should be used wher-
aver practicable in noisy ventilation or gir distribution
systems or between studs and joists of discontinuous type
of wall and floer-ceiling structures. Sound absorbers
such as acoustical tile and carpeting should be used in
reverberant areas,

Squeaking floors frequently are the cause of a num-
ber of noise complaints, S5uch floors, which usually are
found in wood frame construction, generally are more of
a puisance to the apartment dwellers who wallk on them
than to those who live in an apartment directly below.
This problem often arises in some types of fleating floor
structures, e.g, wood block flooring cemented directly
anto a resilient glass or wood fiber board underlayment.
Excessive deflection of the unit blocks with respect to
each other uswally Is the cause of squeaking. In order
to minimize the problem, hard board or plywood sheets
should be sandwiched between the finigsh block flooring
and the resilient underlayment Ffor better dynamle load
distribucion.

The overall problem of controlling squaaking floor
atructures in general depends primarily on the following
factors:

a. control of melsture or humidity,

b, wuse of straight, flat, good quality lumber,

¢. proper natling,

d. control of excessive deflection of basic floor struc-
ture under load, and

&, wuse of building paper layers between finish and sub-
flooring.

For a more detalled discussion relative to preventing

and/or correcting squeaking floors vefer to Chapter 7.
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Fig. 8.66. Duct Silencers and Daffles.
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STAIRCASES Sece Figures 8.47 and 8,068,
Staivcase traffic is a source of i{rritating alr-

; borne as well as impact noise, especially in muleifamily
dwellings of wood frame construction where many children
reside, Ways of avoiding this problem involve:
a. lsolacing the staircase from the building structure,
) b. using double or staggered stud wall construction or
walls with resilient elements along side of stair-
case,
avolding the nailing of stair stringers to adjacent
] wall studs,

d, requiring that stalrcase walls be completely sur-

faced before ataircase is installed, and

¢, Installing rubber pads or carpets on stalr treads.
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Eny
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L4
FRONT ELEVATION |

Fig. 8.67. rroper Installation of Staircascs.
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TELEPHOME

MOUNT IELEPHONE
ONEXTIRIDR WALt

TELEPHONES Sec Flgure 8.69,

Avald mounting of telephones on party walls, partic-
ularly of light frame construction., DBecause of the poor
sound Insulation afforded by sueh strucrures, the occupants
in adjacent apartments scldom know which of the telephones
Is actually einging.
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Fig., 8.6%. 1Installatfop of Wall Mounted Telophencs.,
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TELEVISIONS

TRANSFORMERS

Among sources of airborne nolse, televislons rate
as the most frequent cause of occupant complalnts, Al-
though the intruding noises from the neighbora' TV sets
usually are distracting, the greatest irritatfon or an-
noyance comes from the over-frequent, intermittent,
raucous TV commercials, which often are blared out at
noise levels 5 to 10 dB higher than the normal program
level, To digcourage occupants from loeating their TV
gets against party walls, the TV antenna outlet should not
be inatalled in party walls, Room layouts should be plan-
ned so that the most favorable TV locations will be along
exterior or non-party walls in order to minimize this
potential noise problem.

See Figure 8.70,

Transformers are particularly disturbing noise
sources because of thelr low frequeney humming and vibra-
tion, As a consequence they should be installed in basge-
ment equipment rooms far removed from living quarters.
Large power transformers should be installed in under-
ground vaults or walled-in enclosures far removed from
the apartment building.

TRANSFORMIRS SHOULD PREFTRABLY B INSTALLED

BELOW GRADL VAULT OR ON-GRADE MASDNRY [NCLOSURE IR BASEMENT LQUIR. ROOMS. FIG. SHOWS GVPSUM L

SPREFERABLY ATLEAST 75 FI, FRUM BLDG. )

AR OEAECTOR

. VIR 1oL

# FLYW,
s fa:uj)
wd [NTAKE, EXHALST
leat- BUCTS ACOUSTIC
LINED,

R[COM.\\'D INSIAIL A'l APT. llﬂOl l[\‘l!s

ACOUSI’ICLINIHG

b L, AURBER 5LV,

TRANS DRM[R

OUTDOOR INDOOR
Fig. 8.70 Transformer Installation,

UNDERCOATING

UNDERLAYMENTS

VENT OPENINGS

VIBRATION
ISOLATORS

Undercoating, such as used on automobiles, may be used
effectively as a vibration damper on ductwork, metal slid-
ing or folding doors, incinerator chutes, ete,

For purposes of impact noise imolation, materials
such as glass fiber, cork and rubber are quite effective
as resilient underlays in floating floor constructions
and particularly under bath tubs and shower stalls.

For a gilven masg~-flow of alr, large area vent open-
ings have a lower air velocity and therefore are leas
noisy than vents of smaller cross-sectional area.

Vibration isolators should be used under all large
electro-mechanical equipment, 1f vibration and structure-
borne noise transmission are to be minimized.
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WALLS

Ser Figurcs B.71, 8.72 and 8.73.

The following messures should be conaidered to ensure
that partition walls will provide adequate sound insulatlon,
o. Depending on the functions of the spaces to be sepa-

rated, select a wall with proper type of construction
as well as an appropriate STC value.

b, Partitlion walls should extend full height, i.e, from
fleor to celling. In bathroem areas, party walla
should be completely surfaced on both sides, before
bath twubs arae installed,

e. Similarly, full heighr pareitlion walls should be in-
stalled in attic or basement areas directly above and
below party walls separating dwelling units for pur-
poses of e¢liminating f£lanking transmission of aly-
borne noise,

d, Regardleap of the type of wall conatdarad, whether of
aingle, double or discontinuoua construction, it ia
preferable to use materials of greater masa per unit
area Lf a cholce exista, e.g. use solid-core rather
than hollow-core masonry units, heavy aggregats in-
atead of lightweight sggregate in conerete or plaster
mixes and thick sheats aa opponad to thin sheats of
gypaum board in dry wall econatructions.

e, Partition walls should be decoupled or isclated from
adjoining building structures or aurfaces by using
gasketing material at the peripheral edges.

E. Avoid "short circuiting" the effectivencss of u high
performence wall by back-to-back installation of
clectrical ocutlets and vecesged cabinets,

g. All holes and cracks in and around the wall should be
properly sealed to ensure an ailrtight fnstallation.

THIS NOT THIS

Fig. 8.71.

AV0ID RECESSUD BACK-1D-BACK MOUNTING
OF CABINETS IN PARTY WALLS

Wall Installation of Cabinets.
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WALLS, EXTERIOR
CURTATIR

WIRDOWS

A number of nolse problems are assoclated with some
types of ecurtain walls, particularly of the prefabricated
metal panel units used for exterior facing of buildings,
The chief noise complaints involve:

a. Poor sound insulation of outdoor noise due cither to
poor seals andfor performance of the panels them-
selves

b, Disturbing noises produced by rattling or drumming of
curtain walls in windy arcas and the snapping, crack-
ling or popping of such units due to thermal expansion
or contraction with outdoor temperature variation.

Sce Figures 8.74, 8.75 and 8.76.

Avoid building designs with large-area window expo-
sures which face heavy traffic arteries or other noisy
areas, unless windows are properly designed for adequate
sound insulation. In this connection the following mea-
sures should be observed.

a. use heavier, thicker or laminated glass or double
pane construction, Additional sound insulation may
he abtained from windows of double pane constructien
by (1) separating glass panes at least & inches,

{2) sloping one of the panes with respect to the

ather, (3) using glass panes which differ in thick-
ness, and (4) lining the side walls between the glass
panes with acoustical material.

b, use gasketing around the peripheral edges of the win-
dow to ensure alrtightness.

c. use lever-type locking devices which forece window to
seal tightly against gasketing rather than spring-
loaded catch or hook type locks.

d. use wooden or heavy gage metal tracks or slides in
lieu of lightweight metal or plastic tracks to minimize
window rattling, vibration ot resonance.

e, locate and inatall windows such that flanking noise
tranamission or cross-talk from one apartment to anoth-
er 1s minimized,.
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Fig. 8.74. Sound Insulation Effectiveness of Window-Wall Assemblies,

Aluminum framed windows with glass pansa isclated
with neoprene gaskets;
two 1/4-in, glass panoa, 1/2-in. sir space.
—=s&i=insy, 3 ply, laminated glasa panel oo == =1/4ein, stid 3/16-1n, glass panes, 2 1/2-in.

=] /B=11, plate glasa
&t om m]fhuin, plate glésa

= —o0,62=1n., 4 ply, lominated glana panel air space.
msr—cemet §,80=10., & ply, lawinsted gless panel  ecome—.. 1/4-tn, and 7/32-in, glass panea, 3 3/4=in,
alr space.
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CHAPTER 9
DEVELOPMENT OF CRITERIA

A, INTRODUCTION
The urgent need for adequate sound insulation eriteria, particularly

in multifamily dvwellings, has been firmly established., Criteria which
are sultable to all situations and environments would be virtually
impossible to establish and very difficult to apply., Therefore, one of
the objectives of this guilde is to establish eriteria which will satisfy
a majorlty of the cccupants most of the time, and yet will be relatively

easy to administer,

B. FACTORS TO CONSIDER
Before satisfactory sound insulatlon criterila can be established,

the following factors must be considered.
1. The characteristies of the intruding noises, i,e, intensity and
frequency distribution, This point requires a large scale investigation
slnce the characteristies of these noises are not constant quanticles,
but vary with the many sources operating singly or in combination under
widely different conditions.
2. The sound insulation performance of wall and floor structures,
particularly as integrated gystems in & bulilding complex.
3, The limits of the intensity, duration, and irregularity of noise
subjectively acceptable to the majority of occupanta. These parameters
are particularly elusive since subjective surveys inevitably Include
responses motivated by environmental cenditions other than acoustical.
Consequently, the results of such surveys are approximate at best.
4, Finally, the limitations of using background noise for masking
purposes, Although the use of magking nolse can be beneficial in certain
cages, it has been extended and overemphasized to the point where it
fails more frequently than it succeeds. The concept of "masking noise"
in €hls context simply inveolves using the ambient acoustical environment
beneficially for "masking" or overriding the annoying intruding sounds.
A deacriptive definition of masking nolse might be that existing steady
sound which has the following pleasing characteristics:

{a) low intensity with a wide-band frequency distribution, void of

any pure-tone compenents;
(b) an omnidirectional source, such that its location 15 not evident

to the observer;
{(c) the ability to reduce the detection of intruding nolse without

becoming annoying itself,

Many examples of sources of masking noise are given in the litera-
ture, Including steady wvehicular traffic, heating, air-conditioning and
ventilating equipment, industrial and commereial activities, and of
course, the conglomerate activities of everyday life,

& major polnt of concern is the fact that in recent years, there has
been a tendency toward inordinate emphasis upon this concept of "masking
nolse'", whieh in turn has led to unfortunate results., For instance,
vehicular traffle nolse is seldom steady and the operation of heating
and air-conditioning equipment may be cycliec. Hence, the masking noise
is not constant and may itself become a source of annoyance. To design
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buifldings with the intentien of utilizing devices which electronically
produce masking noise is sheer folly for this is tantamount to an
intenticnal increase of the din which already surrounds us, However,
with proper caution and discretion such devices can be profitably
employed, particularly in office buildings, to ameliorate gpecialized
noise conditions. On the other hand, heating, air-conditioning and
ventilating systems might be Initially designed to produce a reasonable
noise provided that these systems themselves never become sources of
noise complainte. This is usually difficult to achieve in practice
because of the oversights and problems involved in actual installation
of the equipment in the building. 1In any event, the noilse levels
produced by such systems should not exceed the lowest anticipated night-
time background levels by more than 5 dB at any frequency.

For & more detailed discussion of the use of masking nolse, see
Chapter 6,

C. AN EMPTIRICAL APPROACH

One approach to the development of 2 criterion can be illustrated
by considering a hypothetical situation, Assume two families, A and B,
occupylng adjacent units in a suburban apartment house. Family A is a
typlecal family with two children; the father works outside the home
between the hours of 7:30 a.m, and 6:00 p.m,; the mother remains at
heme; the children retire between 8:00 and 9:00 p.m. and the parents
between 10:00 and 11:00 p.m. On the other hand, family B is not quite
as typleal but certsinly not unusual. They have ne children and both
husband and wife work on the night shift, Let us assume that Mr, and
Mrs. B usually arrive home from work between the hours of 2:00 and
3:00 a.,m, and customarily prepare and eat & meal and then relax before
retiring hetween 6:00 and 7:00 a.m. The necessity for acoustical
privacy in this sftuation ahould be fmmediately apparent. Careful

grouping within the gpartiment complex of families with similar activitles

and schedules might be a plausible solution; but what can be done for
people who work alternating schedules? The correct solution is to plan
and construct bulldings with adequate sound insulation,

Considering the above hypothetical case and recalling the problems
outlined earlier, an attempt will be made to arrive at a reasonable
criterion of accustical insulation to be provided by the partition
separating the sleeping areas of these two apartment units, Curve (1)
of Filgure 9.1 represents the antlcipated peak levels and frequency
digstribution of noise produced by household appliances and everyday
activities, This curve represants the average data collected from an
extensive literature survey as well as unpublished results from several
investigators including NBS. The levels are adjusted to 1/2-octave
frequency bands., Although subjectively acceptable nolse levels are
diffiecult to substantiate, there 1s some evidence that an NC-20 to
NC-25%* range is acceptable In sleeping areas of an apartment in a
suburban location. Curve (2) of Figure 9.1 represents a NC-20
eriterion, which alsec 1s adjusted to 1/2-octave frequency band levels.

*Details of the NC (Noise Criterion) curves may be found in "Noise
Reduction", edited by L.L. Beranek, McGraw-11ll Book Company, Inc. 1960.
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By subtracting the values of curve (2) from those of curve (1), one
obhtains the sound pressure level differences required to reduce the
anticipated noise levels to the assumed acceptable levels. Then,
interpreting these sound pressure level differences as sound transmission
loss values, one could arrive at a sound insulation criterion for thia
situation. For medium-sized rooms In residemces, this interpretation 1s
reasonable; however, strictly speaking, the sound absorption of the
rooms and the partition area must be considered, To establish a
criterion in this case, it 1s algc assumed that the measured sound
transmigsion loss values of partitiona are represented directly by the
values of given sound transmission class (STC) contours, This is seldom
the case, but for establishing a criterion with a single-figure rating,
this is a reasonsble approximation. To satisfy the conditlons above, a
partition with an STC of 38 or 59 would be required. However, one should
not stop at this point, but consider the posaibility of using other
factors.

Based upon physical measurements and a literature search, curve (3)
of Figure 9.2 represents the anticipated indoor background nolse levels
existing during the "quiet~hours" of night. Proceeding as above and
subtracting the values of curve (3) from those of curve (1), one finds
that the partition would have to provide additional sound insulation,
perhaps an STC of 62 or 63 because the amblent background noise levels
are lower than the assumed acceptable levels, Nothing has been gained in
this respect, but the analysis should be continued. By subtracting the
values of curve (4), which represents the anticipated Indoor daytime
background noise, from those of curve (1), one finda that a partition
with a rating of STC 57 or 58 would suffice for normal daytime activ-
itiea; however, there could be problems of acoustical intrusion during
the night, Curve (5) of Figure 9.3 shows the sound pressure levels of &
well-designed continuously operating sir-conditioning system which
provides useful masking nolse. The levels are somewhat greater than
both the patural daytime and nighttime background levels, but not
excessively greater than the latter, and yet suffielent to allow a
partition with a lower sound insulation performance to be utilized
succegafully in this situation. Finally, curve (6) of Figure 9.4 shows
the nolse lavels after they have been reduced by a partition with a
rating of STC = 55. 1In addition, these noise levels, aleng with the
masking levels and the background levels fall in the NC 20-25 range,
which is generally considered acceptable for sleeping areas in a suburban
location, The magking noise 15 such that it Ls unnoticeable during the
day and barely audible though not disturbing at night.

The foregoing illustrations, eof course, deal intentionally with a
rather severe set of conditions and inherently include & number of
broad assumptions, Nevertheless this procedure, when employed by
acoustical consultants and engineers, works reasonably well in
individual situations.
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D, IMPACT NOISE PROBLEM

The preceding discussion dealt specifically with an appreach to the
development of insulation criteria for walls, which applies equally well
to floor-ceiling structures. lowever, the serious problem of developing
impact sound insulatlion criteria for fleor-ceiling structures remains.
It would be indeed convenient if a similar analysia could be drawm to
deal with that problem, Unfortunately, this is not the case because of
the inherent complexity of (1) the generation and transmission of impact
noisag, (2) che measurement and specification of the ingulating proper-
ties of structures against such sounds, and (3) the determination of
subjective reaction to these nolses. The fundamental thesis i1s that the
occupant doeg mot cgre how the intruding noises are generated and trans-
mitted; he knows only that his apartment is noisy and consequently, he
is unhappy until the intruding scunds have been reduced to an acceptable
level.

For illustrative purposes, reconsider the hypothetical situation of
families A and B. Let us firet assume that family A lives above family
B. The alarm clock rings in Apt. & at 6:00 a.m.; Mr. and Mrs. B have
just retired; Mr A jumps out of bed and performs his ritual "setting-
up" exercises, which might run the gamut from "push-ups® to a bit of
welght 1lifting, while Mr., B counts each repetition. In the meantime,
the two children have hopped from their beds and are playing a game of
tag and bouncing a ball. Mrs. A, who has wandered sleepily to the
kitchen, creates a racket by slamming cabinet doors, drawers, dishes, etc,
in the course of setting the table and preparing breakfast. Meanwhile,
Mr. 4 is taking hia shower and My, B unhappily recalls his childhood
days when rain on the tin roof was nostalgically pleasant, Of course,
when the A's oit down to breakfast, there is that seemingly constant
sliding of chairs; the baby, in a cranky mood, tosses his bowl of cereal
onto the floor. In due time, things settle down to some extent, and
Mr. and Mrs. B are now annoyed only by the garbage disposal unik, the
automatic dighwasher, and the vacuum cleaner (which all transmit
vihratlions to the floor-ceiling structure) as well as the normal romping
of amctive, healthy children.

We could further illustrate these problems by having family B, along
with their schedule and activities, living above family A; however, we
shall allow the readers to use their imaginations on that set of
conditions, Suffice it to say that the sources of impact sounds are
many and variled,

Recencly, much emphasls has been placed upon the specific problem of
noise generated by footsteps, especilally those of women wearing high-
heeled shoes. This is a serlous source of impact sounds, particularly
in multi-story effice buildings where the combinatlon of hard-heeled
shoea and hard-surfaced floors is quite common. The problem of floor
exeltation due to walking also exists In multifamily dwellings; however,
a survey of the number of hours per day in which the housewife performg
her chores while wearing high-heeled shoes, and the time elapsed after
a career woman returns home before she sheds the high-heeled shoes worn
all day, might yield Interesting results, Such a survey rompared with
one involving othar types of foot traffic or impact sources would show
that the high-heeled impact nolse 18 not the major problem.
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Obviously, before specifylng a criterion of impact secund insulation,
a standard method for assessing the insulating propertiea of floor-ceill-
ing structures is necessary, Unfortunately, a standard method of test
has not yet been adopted for the United States; although a committee®
is presently working toward that end. A methed, patterned after that
recommended by the International Organization for Standardization®*, is
being considered, In this recommendation, a "standard tapping machine"
is specified as the means of producing repeatable excitation of floor-
celiling structures. Such a tapping machine is showm in Figure 9.53. The
impact sound pressure levels produced by the machine in operation on the
floor are measured in the room beneath the floor-ceiling structure.

Fig. 9.5. Tapping machine
used for generating sound
fleld for impact sound

transmission measurements.

Currently, there is gome criticism of the efficacy of the tapping
mechine as an appropriate source of lmpact excitatlon, since it does not
simulate that produced by walking nor in faet, any other domestic
activity or accldent. 1In this regard, we are faced with some very
penetrating questions, Shall we standardize a method of test which
utilizes actual walkers? Shall we develop a device which simulates the
characteristics of the statistieally "average' walker? Shall we subject
each floor-ceiling structure to a test under all the known actual
sources of impact, other than feootsteps? Can we develop a device which
gimulates the characteristics of all these sources? These among other
questions relating to the '"stendard source of impacts" and the subsequent
associated rating systems must be answered before this issue can be
adequately resolved, However, the problem exists now and until better
schemes are developed and proven, we must of necessity use those methods
presently available, which indeed have been ressonably successful in
Europe and elsewhere for a number of years. Nevertheless, continued

#Sub-Committee VI of Committee C-20 of the American Soclety for Testing
and Materials,

**IS0 Recommendation R140-1960(E), '"Field and Laboratery Measurements
of Alrborne and Impact Sound Transmission', January 1960.
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investigations of possible solutions te the problem of Impact noise in
buildings should be encouraged and pursued,

E. SUMMARY OF EXISTING CODES AND RECOMMENDATIONS

Another approach to the development of sultable criteria for acous-
tical privacy 1s to examine what has been done in other countries coping
with similar problems. An extensive survey of codes and recommendations
in existence, as well as those presently under consideration, has been
conducted, and a swmmary 1s presented here,

Most countries have requirements or recommendations for both air-
borne and impact sound insulation, although a few deal only with air-
borne sound insulation. Generally, the methods of test are quite similar
throughout the various countries, although the presentation of data and
the insulation eriteria understandably differ from country to country,

Alrborne sound insulation measurements are made using bands of
random noise or frequency-modulated sinusoidal tones, and the results are
presented as sound transmission loss or normalized level differences
according to the following equations:

Sound Transmission Loss STL = L,~L, + 10 Ioglo 5/4 (9.1)

Ref., Reverberation Time Normalization: DTo - Ll-L2 + 10 lnglo T/To (9.2)

Ref, Absorption Normalization; DAo - Ll-L2 + 10 10310 AofA (9.3)

vhere, in all three equations, L, and L, are the time-gpace average sound
pressure levels, in decibels, measured zn the source and recelving rooms

respectively. The difference, Ll-L , 18 algo knowm as the Neise Redue- -

tion (NR). 1In equation 9,1, S iB tﬁe total radiating surface area of the
partition, and A 18 the total sound absorption in the receiving room.

In equation 9,2, T Ls the measured reverberation time of the recelving

. rvoom, and T_= 0.5 second 1s the normalizing reference reverberation time.

Similarly, £n equation 9.3, A is the total sound absorption in the
receiving room, and Ao = 10m?tis the normalizing reference room absorp-
tion.

Impact sound insulation measurements are generally performed
utilizing a tapping machine which by operating on the floor serves &s a
repaatable standard source of impact excitation. The resulting impact
gound pressure levels are measured In the recelving room located directly
below, The presentation of data and the insulation criteris differ
among the varlious countries, The results of the measurements are
presented acecording to one of the following equations of normallized
impact sound pressure levels, (ISPL):

ISPLAU = SPL + 10 109’10 A/AD {9.4)

ISPLTO = S5FL - 10 10910 T/TQ (9.5)
where SPL is the time-space avarage sound pressure level, in decibels
re: 0,0002dyne/cn?, measured in the receiving room, A is the total
sound absorption of that roow andg au-lOmZTis the normalizing reference
room abscorption. Similarly, T is the measured reverberation time of the

1The referance absorption is 10 metric sabins in ST units.
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receilving room and T_ = 0.5 second is the normalizing reference rever-
beration time. In addition to the matter of normalization, there is
inconsistency in the frequency bandwidth of the measurement of sound
pressure levels, Measurements are usually made in 1/3-octave or 1/1-
octave frequency bands. Confusion arises when the resultant measured
levels are compared, for complisnce, with required or recommended
criterion contours, The problem simply is that of comparing like
quantities, In the early days, the electrical filters usad for amalyz-
ing the sound wera octave frequency band filters which separated the
audible frequency sound into components, each encompassing one full
cctave. The resultant values were plottaed at the center frequency of
gach band and labeled "octave-band sound pressure levels™, More
recently, it was recognized that a greater refinement or "definiticn" of
the sound spectra was necessary, and consequently 1/3-octave frequency
band filters were devaloped.. Obviously, the total sound energy in a
glven octave band should be the came, whether measured in ten 1/10-
octave bands, three 1/3-octave bands, or one 1/l-oetave band, In other
words, the sum of the energy contributions of each of the three 1/3-
octave bands comprising a full octave band should result in the value
that would be cbtained from a single measurement of that full octave
band, It follows that the obgerved single value in each of the 1/3-
octave bands will be less than the single value observad for the full
octave band,

A problem arose when the existing criterion contours based upon
octave band sound pressure level measurements were applied to the 1/3-
octave band measurements. To resolve the problem, it was agreed* that
measurements should be made in frequency bands not greater than 1/1-
octave wide and not less than 1/3-octave wide, and the values should be
corrected to correspond to those of full ectave bands by the addition of
10 log1 n (df) to the average level when (1/n) octave band filters are
used, gn the case of 1/3-octave bands, n = 3; therefore 10 Ioglo (3) =
4,77 dB or 5 dB when rounded to the nearest whole number, Some
countries plot impact sound pressure level data In octave bands, scme
plot 1/3-octave band datsa after adding the 5 dB octave band “correction'
to the data and others plot 1/3-octave band data without applying the
"eorrection', As a consequence, the literature contains information
which may be confusing and perhaps contradictory, It is sclentifically
more pleasant and logical to present the data as measured. When com-
parison with criteria or recommended contours is necessary, these
theoretical and sometimes arbitrary reference curves can be adjusted
readily to correspond with the measured data, In other words for use
with 1/3-octave band data, it is easier to adjust a reference contour
by subtracting the value of 10 log,.n from it, rather than adding that
value to the measured data. Likewise, if the reference contours are
based upon 1/3-octave band data, the value of 10 log oh can be added to
the contour for comparison with 1/l-octave data. Th}s practice avolds
the contradictory situation where exactly the same noise 13 character~
ized by octave band data and 1/3~octave band data (adjusting by adding

*By the International Organilzation for Standardization.
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5 dB), but when computed yield total energies which are not the same.

From a selentific point of view, it is technically correct and
permlasable to convert or express data obtained from 1/3-octave band
measurements in terms of 1/l-octave band data, but the converse requires
making an assumption about tha distribution of sound with frequency which
may not sgree with the distribution in the particular case considered.

In view of the desirability of 1/3-occtave band analysis of nolse
and the current trend toward standardization of such analyses, the data
will be presented as measured in thias publication and the reference
contours for obtaining single-figure ratings will be adjusted accord-
ingly. TFurther, it is recommended that future measurements include
1/3-octave band analyses and that subsequent criteriz contours be
based directly on such data.

The following list gives capsular descriptions of required or
recommended airborne and Impact sound insulation criteria of various
foreign countries. Graphic i1llustrations of these criteria are given
at the end of this chapter,

1. AUSTRIA -

(a) Airborne Sound Inmsulation: Single-figure ratings are
obtained from a raference contour (Figure 9.6) allowing an average
unfavorable deviation* of 2 dB. The STL measurements use aither swept
frequency-modulated sinusoids with octave-band analysis, or white noise
with 1/3-octave band analysis.

(b) Impact Sound Insulation: Single figure ratings are
obtained from a reference contour (Figure 9.7) sllowing an average
unfavorable deviation of 2 dB. 1/l~actave bagd analysis of impact
sound pressure levels, normalized to A = 10m“, 1s made in the receiving
room with the IS0 type tapping machineooperating on the floor abeove,

Recommendations for both airborne and impact sound insulation are
based upon four sound insulation groups, by building ctypes, with eriteria
for various individual partition functions within each group. In
addition there are three reference curves for assessing impact noise
reduction (AL) achieved by modifying the basic floor-ceiling structures
with additional floor or ceiling sssemblies. Although this standard ia
not & legal requirement, it is observed by most planners, bullders,
customers anf housing asuthorities in Austria.

Reference: O NORM B 8115 "Hochban Schallschutz und Hbrsamkeit", April
27, 1959, ‘

2, BELGIUM -

As far as we know, there are no national requirements, however,

*Generally throughout these capsular deseriptions, the "average unfa-
vorable deviation" (d) is computed as follows:

_ E dn d1 + d2 R dn o s
d = —" = (9.6)
where d_ are the deviations from the reference contour. The deviations
in the unfavorable sense are entered at thelr full value and those in
tha favorable sense are entered with a value of zero.
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British, French and German standards are applied in certain areas, and
in some cases more stringently than in the countries of origin.
3, BULGARIA -

As far as we know, the Bulgarian requirements are quite similar

to those of Czechoslovakia,
4. CANADA

(a) Airborne Sound Insulation: 'Congtruction shall provide a
sound transmission class rating® of not less than 45 batween dwelling ’
units in the same building and between a dwelling unilt and any space
common to two or more dwelling units.'" Quoted from Section 5 "Sound
Control" (Residential Standards, Canada, 1965, NRC, No. 8251) Supplement
Ne, 5 to the National Building Code of Canada, 1960, NRC. No, 5800,

(b) Impact Sound Insulation: There are ne requirements in
current use, but it is understood that a new code 1s in preparation,

5. CZECHOSLOVAKIA -

(a) Airborne Sound Insulstion: Requirements are based upon
reference contours (Figure 9.8) with different contours applicable to
labgyatory and field measurements, allowing an average unfavorable devia-
tion of 2 4B, providing that no single unfavorable deviation may execeed
8 dB, based upon octave bands, STL measurements are conducted in the
laboratory and sound level difference measurements are performed in the
field, normalized to a reference absorption of 10 metric sabins, A0=10m%
Reference: 0, Brandt, "Sound Insulation Requirements between Dwellings™,
An invited paper presented at the Fourth International Congress on
Acounties, Copenhagen, Denmark, 1962. :

(b) Impact Sound IYnsulation: As far as we know, the measure-
ments and the reference contour follow the German standard (DIN 4109);
however, the requirements are about 10 dB more stringent.

6, DENMARK -

(a) Airbhorne Sound Insulation: The requirements are based
upon reference contours (Figure 9.6) with a distinction between iso-
lation provided by a partition alone and isolation between twe rooms.
The sum totel of unfavorable deviations mey not exceed 16 dB, Measure-
ments are reported as sound pressure level differences normalized to
T = 0.5 second,

¢(b) Impact Sound Insulation: Similarly, these requirements
are based upon a reference contour (Figure 9.9) with the same restric-
tion on unfavorable deviations., 1/3-octave band measurements of lmpact
sound pressure levels, normalized to T, = 0.5 second, are made in the
receiving room with the IS0 type tapping machine operating on the Eloor
ashove,

Reference: Bygningsreglement for Kébstsederne og landit (Building
Regulations) Chapter 9, "Sound Isolation”, Copenhagen, Denmark (1961)
7. ENGLAND -

(a) Airborne Sound Insulation: Three grading contours

(Figure 9.10} - House Party Wall Grade, Grade T and Grade II are

*Ag prescribed in ASTM Specification E90-61T "Tentative Recommended
Practice for Laboratory Measurement of Airborne Sound Transmisslon Loss
of Building Floors and Walls', 1961.

9-10



A LT R Eh

specified as recommended requirements; a small allowance is permitted
which 1s equal to an average unfavorable deviation of 1 dB, If the mean
deficiency exceeds 1 dB of Grade IL, the structure is clasaified as

x dB worse than Grade II, This quantity 1s not defined for structures
rating better than Grade II. 1/3-pctave band measurements are made in
sccordance with British Standard 2750: 1956%, and results are reported
as STL or sound pressure level differences normelized to T_= 0.5 second
for laboratory and field respectively, Frequency—modulatea sinusoids or
random nelse may be used.

(b) Impact Sound Insulation: Likewlse, two grading contours,
(Figure 9.11) Grade I and Grade II, are specified as vecommended require-
ments with similar allowances as above. Impact sound pressure levels are
measured, elther in octave or 1/3-octave bands and normalized to
Ao = 10mi in the laboratory or Tn » 0,5 second in the field. Measure-
ments sre made in the receiving room with an IS0 type tapping machine
opergting on the floor above, If the analysis is made in bands less than
a full octave, results are to be "corrected" hy adding 10 loglon, where
1/n 18 the bandwidth used,

Although the code represents a standard of good practice, and thus
takes the form of recommendations, some local areas require compliance
wlth certain sections of the code; there are indications of the future
emergence of regulations throughout the United Kingdom,

Reference; British Standard Cede of Practlce, CP3: Chapter III,
“Sound Insuvlarion and Woilse Reduction' (1960).

B, FINLAND -

{a) Airborne Sound Insulation: Contours (Figure 9.12)
associated with three sound insulation classes are specified as recom-
mended requirements. The clasges ere hased upon maximum permissible
nolse levels in a given space, as well as the necessary sound 1golation
obtainable from a partition or between two rooms., The gum total of the
unfavorable deviations may not exceed 16 dB., STL measurements atre
conducted in the laboratory, and sound pressure level differences
normalized to T_ = 0,5 second are parformed in the fleld; all data
are reported in 1/3-octave bands,

{b) Impact Sound Insulacion: Likewise, contours (Figure 9.13)
associsted with the three sound ingsulation classes are specified as
recommended requirements, These carry the same restriction on unfavor-
able deviations, as above. 1/3-octave band measurements of impact sound
pressure levels are made in the receiving room with the IS0 tapping
machine in operation on th% floor above, Laboratory and field results
are normalized to AD = 10m© and T_ = 0.5 second, respectively.

There is no legislation yet Pn Finland regarding mandatory require-
ments of sound insulation; therefore, the above are considerd to be
recommendations, an wr
Reference; EHDOTUS AANENERISTYSMAARAYSIKSI, ''Suggestlon for Requirements
of Sound Insulation", Valtion Teknillinen Tutkimuslaites, Tiedotus,.

Sarja 111 - Rakennus 42, Helsinki (1960).

*"Recommendations for Fiald and Laboratory Measurement of Airborne and
Impact Sound Transmission in Bulldings', British Standard 2750: 1956,
British Standards Institution,
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9, TFRANCE -
The French have had standards since 1958; however, it is under-

stood that new regulations are being prepared. Single-figure ratings
are derived from comparison of measured values with specified average
sound pressure level differences normalized te To n (0,5 gecond for
airborne sound insulation, Similarly, ratings for impact sound insula-
tion are obtained by comparison of meapured 1/3-octave band impact
sound pressure levels, adjusted to "correspond' to octave band levels,
with specified sound pressure levels normalized to Tu w 0,5 second, An
IS0 type tapping machine is used as a source of {mpact excitation,

10. GERMANY -

(a) Airborne Sound Insulation: Single-figure ratings are ob-
tained from reference contours* (Figure 9,6); aseparate curves are uged
for the comparison of field and laboratory data. An average unfavorable
deviation of 2 di is permitted when computed as follows:
Yo G

1 2 2 < 248 .7)

(n-1)

where dn are the deviations from the rveference contour; deviations in
the favorable sense are assumed to lie on the contour and are entered
as zero in the computation. n 18 equal to the number of measurad values,
usually at gixteen 1/3-octave bands, Measurements are made in accordance
with DIN 52210%%, and results are reported as R{STL) and R' for labora~
tory and field measurement respectively.

(b) Impact Sound Insulation: Single-figure ratings are
obtained from reference contours (Figure 9.7) in a similar manner as for
alrborne sound insulation; the average unfavorahle deviation is computed
analogeusly. The 1/3-octave band analysis of impact sound pressure
levels is made in the receiving room with the IS0 tapping machine
operating OE the floor above. The sound pressure levels are normalized
to A_ = 10m© and "corrected to correspond' wlth octave band data,

Germany was among the first countries to include provisiens for
acoustical privacy and noise controel in building codes; and the present
standard (DIN 4109) iz perhaps one of the most comprehensive documents
of {its kind,

Reference: Schallschutz in Hochbau (Sound Insulation in Buildings), DIN
4109, (5 parts dated September 1962 - April 1963).

11. NETHERLANDS -

(a) Ailrborne Sound Insulation: There are two quality classes
of sound insulation, "fair" and "good", based mainly upon the comparison
of measured insulation values with reference values (Figure 9.14).

#The theory of requirement contours is given by L. Cremer, in "Der Sinn
der Sollkurven', Schallschutz von Bauteilen, Berlin, 1960, (Published

by Wilhelm Ernst & Son,)

*4Messungen zur Bestimmung des Luft - upd Trittschallschutzes,
(Measurements for the Determination of Airborne and Impact Sound
Insulation), DIN 52210, March 1960,
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From that comparison, three specifie rules are used for obtaining the
Insulation Index of & structure, Measurements are made in four octave
bands with center frequencles ranging from 250 to 2000 Hz; the labora-
tory results are reported as STL and field results as sound pressure
level differences normalized to 10 metrie sabins, ap = lom?.

(b} Impact Sound Insulation: Similarly, there are two quality
classes of sound insulation and the ratings are based upon comparilson
with reference values (Figure 9,15) with three specific rules analogous
to the airborne sound insulation rating system. Impact sound pressure
level measurements are made in the receiving room with an IS0 type
tapping machine operating on the floor above. The measurameats are made
in the same four octave bands and are normalized to A = 10m®.
Reference: Natuurkundige Grondslagen voor Bouwvoorschriften, Deel III,
Geluidwering in Woningen (Noise Control and Sound Insulation in Dwell-
ings), NEN 1070, December 1962, Nederlands Normalisatie-Instituut,

12, NORWAY

(a) Adirborne Sound Ingsulation: Single-figure ratings are
obtained by comparison of measured data with reference contours
(Figure 9,16) allowing an average unfavoresble deviation of 1 4B,
Measurements are made in accerdance with ISO/R 140-1960%, and results
are reported as sound pressure level differences normalized to T = 0.5
second, The codes are based upon an effective airborne sound insulation
number which takes into account the insulation qualities of the
partition, its area, the volume and the reverberation time of the
recelving room and the estimated depree of flanking transmission,

(b) Impact Sound Insulation: Similarly, single-figure ratings
are ohtalned by comparison with reference contours (Figure 5.17},
allowing the same average unfavorable deviation. A 1/3-octave band
snalyais of ifmpact sound pressure levels, normalized to T =~ 0.5 second,
is made in the receiving room with the 150 tapping machine operating on
the floor above. The codes also are based upon an effective impact
sound number system, which ylelds positive numbers such that the larger
values indicate inecreased impact scund insulation.

Reference; '"Proposed Norweglan Buillding Cede for Sound Insulation",
Norges Byggforskinngsinstitut Rapport 38, 0slo 1963,

13, SCOTLAND
(a) Alrborne Sound Tnsulation: The Scottish building standards

are based upon the '"House Party Wall Grade' and "Grade I'" contours of the
British Standard Code of Practice (Figure 9,10), CP3: Chapter III,
"Sound Insulation and Noise Reduction'", 1960; the measurements are
conducted in sccordance with B.S5, 2750: 1956, (See 7., ENGLAND).
(b) Impact Sound Insulation: LikewLse, the "Grade I" refer-

ence contour (Figure 9,11) for impact sound pressure levels 1s used,
The 1/3-octave band analysis is normalized to T = 0.5 second, and
"eorracted to correspond" with octave band data.

This differs significantly from the British case because the

*International Organization for Standardization, IS0 Recommendation
R140, "Field and Laboratory Measurements of Airborne and Impact Sound
Transmission", ISO/R 140-1960 (E). :
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Scottish bullding standards constitute a legal requirement, efifective
June 15, 1964, as opposed to a recommendation. Although not applicable

to existing buildings prior to that date, local authorities have the
power to require conformation in all new buildings.

Reference: Building Standards {Scotland) Regulations, Part VIII, 1963,

as presented by G, Berry in an article entitled "Sound Insulation in
Houses and Flats - Effect of New Scottigh Building Standards', INSULATION,
January 1964,

14. SWEDEN -

(a) Airborne Sound Insulatfon: There are three grading
contours (Figure 9,18) to which measured 1l/3-octave band data are
compared, The data are reported as sound pressure level differences
normalized to A = 10m*, The total sum of the unfavorable deviations
may not exceed f6 dB. The requirements, which are stated in terms of
functional application of the wall structures, thus determine which one
of the three contours must be satisfied in a specific case,

(b) Impact Scund Ingulation: Two grading contours (Figure
9.19) are specified for the required comparisons; these are based
uport a 1/3-octave band analysis of impact sound pressure levels measured
in the receiving room with an ISO type tapping machine operating on the
floor above. The results are normalized to A = 10m* and are reported
as measured, 1,e, without the 'ecorrection' to oectave bands, In this
ecage, the total sum of the unfavorable deviations may not exceed 32 dB.
Reference: Swedish Building Code: BABS 1960. Anvisnigar Till
Byggnadsstadgan, Kungl, Byggnadsstyrelsens Publikationer, Stockholm,
Sweden (1960).

15, SWITZERLAND -

(a) Airborne Sound Insulation: An unofficial draft recom-
mendation exlsts, In which "minimum'" and "maximum'' requirements of
average sound transmission loss are specified, which are based upon
hoth laboratory and field measurements according to type of building
and wall function, In the case of multifamily dwellings, the following

‘is applicable: ' Laboratory Field
Building Component Min. Max. Min. Max,
Dividing walls and cellings in 52 dB 57 dR 50 dB 55 dB

flata, stalrcase wall

Dviding walls between flats
end restaurant, cinema, garage,
workshop and other business 5748 67 dB 55dB 65 dB

premises
{b) Impact Sound Tnsulation: There are no explicit require-

ments.,
Reference: W. Furrer, "Room and Building Acoustics and Noise Abatement',

p. 203, English Translation (Butterworth & Co, Ltd,, London, 1964),
16, U,S5,S.R, -

(a) Airborne Sound Insulation: There are three reference
contours (Figure 9,20) with which sound transmission loss measurements
are to be compared, In the comparison, unfavorable deviations are
computed as follows:
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where d_ are the deviation from a reference contour based upon the six
1/1-octlve bands with canter frequencies in the range 100-3200 Hz, 1In
addition, no single unfavorsble deviation may exceed 8 dB,

(b) Impsct Sound Insulation: Similarly, there are two
reference contours (Flgure 9,21) which specify maximum f£mpact sound
pressure levels permissible in the receiving room with a tapping machine
operating on the floor above, Unfavorable deviations from the specifi-
catlon contourse are computed analogously, as above, asccording to
equation 9.8,

Reference: Advisery Code for Sound Ingulation in Housing and Community
Buildings, (CH39-58) State Publishing Office for Building Architecture
and Building Materials Literature, Moscow, 1939,

In general, most of the requirements imply minimal sound insulation;
however, the foregolng cursory review of codes, standards and recommenda-
tions obvicgusly does not include all the information contained in such
documents, For example, many codes speclfy criteria for partitions
within dwelling units, maximum sound pressure levels permissible in a
given space, criteria for doors and windows, means to minimize flanking
transmission and structure-borne noise, and other pertinent infermation.
In fact, seme documents appreach textbook status on the subject of
acoustical privacy and noise control rather than codes.

In summary, the review shows several prevalent techniques for
specifying adequate acoustical privacy, which essentially are as
follows:

(1) BSingle-figure rating requirements or recommendations formu-
lated on the basis of a single reference contour or upon a family of
reference contours, with accompanying rules for computing such ratings,
The code requirements are not necessarily consonant with, or the same
as, the values of the reference contour; or in other words, the
raquired insulation, for a given installation, may be x dB more stringent
than the values of the reference contour., (This paint has been often
ovarlooked in similar studles, of existing codes and ecriteria, appearing
in the 1iterature,)

This system affords the greatest flexibility Ffor the code writer
bacause he can revise the single~fipure requirements, 1f need be, without
disrupting the basic rating scheme.

(2) Grading curves for minimum airborne sound insulation and
maximum impact sound pressure levels, This system affords the simplicity
of a "go or no go' decision on the part of the appropriate authorities;
but if revision of the requirements becomes necessary, the change is
usually difficult to accomplish.

(3) Requirements based upon the single-figure arithmetic average
of sound transmission loss values, Although this system is the simplest,
there have been technical questions railsed regarding its suitabllity,

Figure 9,22 shows the range of minimum afrborne gound insulation
requirements and recommendations of other countries and the range of
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suggested values* for particular cases requiring better sound insulationm
performance., Technically speaking, sound transmission loss, STL, and
normalized level difference, D_, values should not be plotted on the
same graph; however, for purpgaea of convenience, they are shown
together and labeled "Airborne Sound Insulation'', It can be shown that
STL = DA when the partition area § is approximately 107.6 £t2; also,

fe3 . -
STL =.D,, when 8/V—>0.1 ft 1, where S is the partition area and V is

TO

the volume of the receiving room in the English system of units#**,
Similarly, the shaded areas in Figure 9:23 show, analogously, the
range of minimum impact sound insulation requirements or recommendations
of other countries and the range of suggeated values for particular
cases requiring better sound insulation performance, These values are
plotted to be consistent with 1/3-cctave band analyses; i.e., reference

contours which were established for comparison with octave band dats

have bean lowered 5 dB for comparison with 1/3-octave band data, 1In
addit:ioné reference values for use with data normalized to both

A = 10m* and T = 0,5 second are shown together, It can be shown that
the two normalifation schemes yleld equivalent results for measurements
in rooms which have a volume of approximately 1100 ft3 or 31md,

*These generally pertaln to areas where better than minimal sound
ingulation Ls usually necessary, such as separation of dwelling units in
quiet or suburban locations; separation of dwelling units from small
business shops within a building, or from nolsy areas such as mechanical
equipment rooms, restaurants and for application to hospitals, hotels
and so forth,
**In metric units: STL = DA when § = 10m2

o

STL = D, when 8/V => 8.33m" 1
o
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CHAPTER 10
FHA RECOMMENDED CRITERIA

A. INTRODUCTION

The overall objectives of these criteria, as well as thils entire
Gulde, are to provide direction toward the attainment of acousticel
privacy and the control of noise in multifamily dwellings, To reach this
goal, the system of criterfa must be relatively simple in application and
administration; 1t must be based upon meaningful physical measurements;
it must be flexible so that it may be revised with ease, in order to
maintain currency; and above all, it must be effectlve,

The plan utilized by the FHA {s fundamentally a gradation of single-
figure ratings, based upon reference contours, This system affords the
greatest opportunity for relating recommendations or requirements to a
varliety of conditions, guch as: oemblent background nolse ugable for
masking purposes which may imply urban, suburban or rural locations;
minimal, average, or high income houging; and for apecific wall or
floor~ceiling functions within buildings, 1In addition, ease of revision
of recommendations or requirements is inherent in this system without
disrupting the basic scheme for classifying structures as to their
acoustical properties,

B, PHYSICAL MEASUREMENTS OF AIRBORNE SOUND INSULATION

Measurements should be performed in conformance with the current
methods of test which are endorsed and published by the major standard-
ization committees and assoclations such as the American Society for
Testing and Materials (ASTM), the United States of America Standards
Institute (USASI) and the Internatlonal Organization for Standardization
(I150). The preferred method of test will be that one currently in use
at the National Bureau of Standards, which 1s presently designated as
ASTM E90-66T, "Tentatlve Recommended Practice for Laboratory Measurement
of Alrborne Sound Transmission Loss of Bullding Partiltions".*

C, SINGLE-FIGURE RATINGS OF AIRBORNE SOUND INSULATION

The only positive method for selecting a construction with the
proper sound-insulating properties for a given installation 1s the study
of the entire gound transmission loss curves of a number of constructions.
It 18 di{ffiecult to desecribe completely the acoustical properties of
structures with a single valua, MHowever, it is commonly acknowledged
that single-figure ratings are useful for general categorization and as
such may provide a convenient tool for architects, builders, code writers
and others,

Over the years, geveral single-figure rating schemes have been
proposed and used with varying degrees of success. However, in recent
vears, the Sound Transmission Class (STC) has been used in this country
with reasonably successful results. The STC relates the sound insulating
properties of a structure as a function of frequeney more effectively
than did the earlier arithmetical average sound transmission loss wvalues.

*Avallsble from the American Society for Testing and Materials, 1916
Race Street, Philadelphia, Pennsylvania 19103,
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This single-figure rating appeared initlally in ASTM ES0-61T* and its
foundations and significance are discussed by T.D, Northwood¥*, A
reviged STC rating system, which now appears in ASTM E90-66T, conforms
with certain technical revisions in the test procedure, and provides a
computation scheme which decreases the probability that the STC value

of a given partltion is determined solely by a single sound transmission
loss value ac some particular frequency.

The FHA recommended criterian for airborne sound insulation utilize
the STC rating system which is given in the sbove mentLioned ASTM E90-66T
document, To determine the STC of a test specimen, the sound trans-
migsion loss values, as determined in the contiguous sixteen 1/3-cctave
bands with center frequencies in the range 125-4000 Hz, are compared
with the values of the STC reference contours, Figure 10.1, according to
the following condftions:

{1} A single unfavorable deviation (i.e, an STL value which £alls
below the contour) may not exceed 8 dB,

(2) The sum of the wnfavorable deviations shall not be greater
than 32 dB. Then, the STC for the specimen is the numerical wvalue
which corresponds to the STL valve at 500 Hz of the highest contour for
which the above conditions ave fulfilled,

Figure 10.2 illustrates the form of a transparent overlay designed
for rapid graphical determinations of STC values, Initially, the sound
transmission loss values of & specimen are plotted to the nearest whole
dB on graph paper on which the ordinate scale 13 2mm/dB and the
abscissa scale is 50mm/decade. The transparent overlay is then placed
aover the graph, matehing the f[requency scale, and adjusted such that all
data points lie on or above the broken-line contour, which assures that
single deviations are less than or equal to a maximum of 8 dB. Then the
deviations (in dB) falling below the solid-line contour are summed and
the total may not exceed 32 dB, If the total is greater than 32 dB,
the overlay is adjusted downward until that condition is met, The STC
value of the specimen is the STL value indicated by the arrow which
leads from the intersectien of the reference contour and the 500 Hz
ordinate. 1In addition, a tabular method for determining STC values is
given In ASTM E90-66T.

D, PHYSICAL MEASUREMENTS OF IMPACT SOUND PRESSURE LEVELS

As in the case of gound transmission loss measurements, impact asound
pressure level measurements should be performed in accordance with the
current methods of test which are endorsed by the major standardization
organizations, (The only formal document at this time Ls the IS0

*ASTM E90-61T, "Tentative Recommended Practice for Laboratory Measurement
of Airborne Sound Transmission Loss of Building Walls and Floors"
(American Society for Testing and Materials, 1916 Race Street,
Philadelphia, Pennsylvania, 1961).

%*T,D, Northwood, "Sound-Insulation Ratings and the New ASTM Sound-
Transmission Class", J. Acoust, Soc, Am,, Vol, 34, No. 4, April 1962,

pp. 493-501.
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Alao, the prefarred method of test will be that one currently in uge at
the National Bureau of Standards, There i8 no formal standard method of
test in the United States at this time; however, there 15 a method
presently under consideration i{n a subcommittee of the ASTM. This
proposed method, which is presently in use at NBS, forms the basis of
measurement upon which the criteria are founded.

The method of test involves the operation of a "standard" tapping
machine® on the floor and the measurement of the resultant sound
pressure levels produced in a reverberant room directly below. The
sound pressure levels, averaged over time and space, in 16 contiguous
1/3~octave bands with center fraquencies in the range 100-3150 Hz, are
to be measured at six stationary microphone positions or with a slowly
moving microphone in the receiving room with the tapping machine placed
successively in at least three specified locations on the floor. The

*Tapping machine specifications are given in IS0/R140.
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<k
p——————— ASTM 90667 — ]
!
150 -—— sl
[}
i
e s o s s s
— e e + T F T T
0 O
G 0 o O O
- ‘. b I q-”
A
N 4 )’
L7
4 + /'
LV
—_
e S
A
- LT/
17
¢
2
N
i
! ! l | [
00 250 500 1K 2k L13
FREQUERSY , Hz

SOUND TRANSMISSION CLASS, STC

Use with 1/3-octave data; 5Scm » 25dB, Scm = 1 freq. decade
STC = TL value of Reference Curve at 500 Hz

Fig. 10.2. Form of Overlay for BTC Determination.

10-4

SR




R et T e e ek y e R Pt e

RIELREUPN

results of the measurements shall be reported as impact agound pressure

levels (ISPL), normalized to a reference room absorption of 10 metric sabins

or 107.6 sabins,

E. SINGLE-FIGURE RATINGS OF IMPACT SOUND INSULATION

In choosing the proper floor-ceiling structure to meet the impact
sound insulation requirements of a particuler installation, 1t is
recommended that the entire impact sound pressure level curves be
studied, rather than choosing structures solely on the basis of the
single-figure ratings, Experience has shown clearly that single-figure
classifications cannot desceribe completely the acoustical propertles of
structures., Occasionally the vank order of two structures on the basls
of single-figure ratings is reversed when the entire impact sound pres-
sure curves are consldered. The one with a lower single-figure rating
may provide better sound insulation for a given situation, For these
reasons, a certain amount of discretion must be exercised in the use of
a single-figure classification system. Nevertheldss, this system does
serve & useful purpose in categorizing structures with similar impact
sound Insulating properties and, with some reservations, ¢an be used by
architects, builders and code authorities for acoustical design purposes
in building construction.

The physical measurement of airborne sound insulation of a building
partition is based on differential measurements of the sound pressure
levels in two reverberant rooms separated by the test partitien, and thus
is readily adaptable to a rating system such as the S8TC in which larger
numbers indicate fncreased sound insulatlon. However, the impact sound
transmission performance of a floor structure is based on measurements
of the absolute sound pressure levels produced in a room directly below
the test floor on which a "standard" tapping machine is operating. In
this case, lower impact sound pressure levels indicate better insulating
performance, The faect that alrborne sound insulation measurements and
ratings differ in principle from those of impact sound Lnsulation has
caused gome confusfion among architects, builders, contractors and
others, particularly with respect to the meaning and relationship of
the two rating systems,

To remove this confusion and relieve the architect and buflder of
the burden of reconciling different acoustical rating systems, a new
system called the IMPACT INSULATION CLASS (IIC) has been devised. This
system which is utilized in the FHA recommended criteria for impact
sound insulation, establishes a somewhat analogous parallelism with the
more familiar airborne STC rating system. As in the STC sgyatem, the
IMPACT INSULATION CLASS (IIC) rates floor structures with positive
numbers in ascending degrees of Iimpact sound Insulation, 1i.e, the
larger the number the greater the insulation, This avoids the confusing
practice of dealing with 'negative {nsulation values", which arise from
the use of a zero-valued reference contour. Thus, for all practical
purposes, the numerical values and significance assigned to the contours
of the IIC rating system are about the same in terms of impact sound
ingsulation as the values and significance associated with the contours
of the airborne sound insulation STC system, Thus for example, an
srchitect might simply specify an STC = 50 and an IIC = 50 for =2
particular fnstallation. In additicn, therc 1s the ipherent veérsatilicy
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which allows all code authorities to establish and revise their own
criteria, 1f necessary, without the awesome task of re-evaluating
structures tested previously.

To determine the IIC of a test specimen, the impact sound pressure
levels are measured according to section D above, normalized to a rafer-

ence absorption of 10 metriec sabins, Ay = 10 m?, and compared with the values

of the IIC reference contours, Figure 10.3, according to the following

conditions:
(1) A single unfavorable deviation (i.e. an ISPL value which lies

above the contour) may not exceed 8 dB.
(2) The sum of the unfavorable deviations shall not be greater than

3z dB,

Then the IIC for the specimen is the value of the ordinate scale on the
right (1IC), corresponding to the ISPL value at 500 Hz, of the lowest
contour for which the above conditions are fulfilled,

The IIC contour may be constructed as follows: a horizontal lipe
segment in the interval 100 to 315 Hz; & middle line segment decreasing
5 dB in the interval 315 to 1000 Hz; followed by a high frequency line
segment decreasing 15 dB in the interval 1000 to 3150 Hz.

On the average, the IIC rating 18 about 51 points higher (algebraic
addi{tien), than the INR rating used in FHA No, 750. Howevar, it would be
dangerous to apply an "across the board" adjustment to all INR ratings,
for the spread hetween the two rating nystems might be about % 2 points.
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Fig. 10.3, Impact Insulation Class Contours.
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Figure 10.4 1llustrates the form of a transparent overlay deasigned
for rapid graphical datermination of IIC values, Initially, the impact
sound pressure levels normalized to A = 10m& are plotted, to the nearest
whole dB, on graph paper on which the%rdinate scale 1s 2mm/dB and the
abscissa is 50mm/decade., The transparent overlay is then placed over
the graph, aligned with the frequency scale, and adjusted so that all
data points lie on or below the broken-line contour; this assures
initially that single deviations are less than or equal to a maximum of
8 dB; then the deviations above the solid-line contour are summed and
the total may not exceed 32 dB. 1If the total is greater than 32 dB, the
overlay 1s adjusted upward until that condition is met. Then the IIC
value, read from the overlay, corresponds to the ISPL value of 60 dB on
the graph secale,

F. RECOMMENDED CRITERIA

Degeriptive definitions of three grades of acoustic enviromnment are
given in order to ascribe criteria suitable te the wide range of urban
developments, geographic locations, economic conditions and other factors
involved in the areas of concern of the FHA. Constructions which meet
the eriteria will provide good sound insulation and satisfy most of the
occupants in the buildings which fit the conditions of each grade.
Emphasls should be placed upon Grede IL, as described below, for this
category will be applicable to the largest percentage of multifamily
dwelling construcetion and thus should be considered as the fundamental
guide,
Grade I is applicable primarily in suburban and peripheral suburban
residential areas, which might be considered as the “quiet" locations and
as such the nighttime exterior noise levels might be about 35-40 dB(A) or
lower, as measured ugsing the "A' welghting network of a sound level meter
which meets the current standards, The recommended permissible interior
nolse environment 1s characterized by noise criteria of NC20-25%, In
addition, the imsulation criteria of this grade are applicable in certain
speclal cases such as dwelling units above the elghth fleor in high-rise
buildings and the better class or "luxury" buildings, regardless of
location.

Grade II is the mogt impertant category and fs applicable primarily
in residential urban and suburban aress considered to have the '"average"
nolse environment. The nighttime exterior noise levels might be about
40-45 dB (A); and the permissible interior noise environment should not
exceed NC25-30 characteristics.

Grade III criteria should be considered as minimal recommendations
and are applicable in some urban areas which generally are considered as
"noisy' loecations, The nighttime exterior noise levels might be about
55 @B{A) or higher. It {8 recommended that the interifor noise environment
should not exceed the NC-35 charaeteristie.

*Detglls of NC curves may be found in Chepter 20 of "Noise Reduction",
edited by L.L. Beranek, MeGraw-Hill Book Company, Inc,, 1960,
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In all cases, the partitfon structures should have STC and TIC
ratings equal to or greater than the given criterion figures, For
floor-ceiling assemblies, the criterla for both airborne and Impact
sound {ngulation must be met. A floor-celiling structure which may
provide adequate impact sound insulation but insuffielent alrborne
sound insulation, or vice versa, will not assure freedom from occupant
complainta.

The fundamental or key criteria of alrborne and impact sound
insulation of wall and floor asasemblies which separate dwelling units of
equivalent function are given in Table 10-1., These criteria are based
upon STC and TIC ratings derived from laboratory measurements, since
standard metheds of test for field measurements have not as yat been
formally adopted, Figures 10.5 and 10.6 illustrate the relationship of
the fundamental FHA recommended criteria with the range of airborne and

impaet sound insulation requirements or recommendations of other countries.

TABLE 10-1, Key Criteria of Airborne and Impact
Sound Insulation Between Dwelling Units
GRADE I GRADE II  GRADE III

Wall Particions STC = 55 STC = 52 8TC = 48

S8TC = 55 §TC = 52 STC = 48
Floor~Celling Assemblies IIC = 55 IYC = 52 IIC = 48

The following comprehensive tables show the criterion values related
to partition function as applied in the separation of dwelling units.
Indeed, these tables include most of the typical separation combinations
found in multifamily bulldings, as well as some which are clearly undesir-
able for several reasons. The purpose of this detail is to illuatrate
the importance of the acoustical separation between sensitive and non-
gensitive areas, Where the partition between dwelling units is common to
several functional spaces, the partition must meet the highest eriterion
value,

TABLE 10-2, Criteria for Airborne Sound Insulation
of Wall Partitions Retween Dwelling Units

Partition Function Between Dwellings Grade I Grade IT Grade ITT
Apt. A Apt. B STC STC §1C
Bedroom to Bedroom 55 52 48
Living room to  Badroom) ’ 2 57 54 50
Kitchen® to Bedroom: ' 2 58 55 52
Bathroom to Bedroom: * 2 59 56 52
Corridor to Bedroom® ' * 55 52 48
Living room to Living room, 55 52 48
Kitchen to Living rooml' 55 52 48
Bathroom to Living room . 57 54 50
Corridor to Living roem® * %' © 55 52 48
Kitchen to  Kitchen)'’ 52 50 46
Bathroom to Kitchen ' 55 52 48
Corridor to  Kitchen®® %' 8 55 52 48
Bathroom to Bathroom” 52 50 46
Corridor to  Bathroom®' * 50 48 46
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NOTES, RE: TABLE 10-2
1. The most desirable plan would have the dwelling unit partition

separating spaces with equivalent functions, e.g., living room opposite
living room, eate.; however, when this arrangement 1s not feasible, the
partition must have greater sound insulating properties.

2, Whenever a partition wall might serve to separate several
functional spaces, the highest criterlon pust prevail,

3. Or dining, or family, or recreation room.

4., It is assumed that there 1s no entrance deoor leading from
corridor to living unit,

5. A common appreoach to corridor partition comstruction correctly
assumes the entrance door as the acoustically weakest "1ink" and then
incorrectly assumes that the basic partition wall need be no better
accustically than the door. However, the basic partition wall may
separate the corridor from sensitive living areas such as the bedroom
and bathroom without entrance doors, and must therefors have adequate
insulating properties to asgure acoustical privacy In these areas, In
areas where entrance doors are used, the integrity of the corridor-
living unit partition must be maintained by utilizing solid-core
entrance doors, with proper gasketing. The most desirable arrangement
has the entrance door leading from the corridor to a partially enclosed
vestibule or fover in the living unit.

6. Double-wall construction is recommended to provide, in addition
te alirborne sound insulation, isolation from impact noises generated by
the placement of articles on pantry shelves and the slamming cf cabinet
doors. Party walls which utilize resilient spring elements to achieve
good sound Insulation may be used, providing wall cabinets are not
mounted on them. It is not practical to use such walls for mounting
of wall cabinets because the sound Insulating performance of the walls
can be eagilly short-circuited, unless specialized vibration isclation
techniques are used, See text regarding proper installation of
cabinets and recommended isolation procedures for appliance installations.

7. See text regarding vihration imolation of plumbing in kitchens
and bathrooma and recommended installation of cabinets, medicine chests,

ete,
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Table 10-3 includes most of the floor-ceiling assewmbly combinations
found in multifamily bulldings as well as some which are clearly undeslr-
able for several reasons. In addicion, the importance of Impact noise
insulation is emphasized by giving separate criteria for reciproecal
functional relationships.

TABLE 10-3, Criteria for Airborne and Impact Sound Insulation
of Floor-Ceiling Assemblies Retween Dwelling Units

Partition Function Between Dwellings Grade I Grade IT Grade YII

Ape. A Apt. B SI¢ Iic §IC IC SIC 1K
Bedroom above Bedroom 55 55 52 52 48 448
Living room above Bedroom™ * ® 57 60 54 57 50 53
Kitchen®  above Bedroom’® %' % 58 65 55 62 52 58
Family room above Bedroom ® ' ® 60 65 56 62 52 58
Corridor  sbove Bedroom® ' ° 55 65 52 62 4B 58
Bedroom gbove Living room 57 5% 54 52 50 48
Living room above Living room 55 55 52 52 48 48
Kitchen above Living roem'’ ®' % 55 60 52 57 4B 53
Family room aboye Living room ' 2% 58 62 54 60 52 56
Corridor above Living roem * 2 55 60 52 57 48 53
Bedroom above Kitchenl’ *'® 58 52 55 50 52 46
Living room above Kitchen*® ** 8 35 55 52 52 48 48
Kitchen above  Kitchen® 52 55 50 52 46 48
Bathroom above Kitchen*® 2 * 55 55 52 52 48 48
Family room above Kitchen®”2’*'® 55 60 52 58 48 54
Corridor above Kitchen®?” 2’ * 50 55 48 52 46 48
Bedroom above Family room ' © 60 50 56 48 52 46
Living room above Family room'’ ° 58 52 54 50 52 48
Kitchen above Family rvoom ' ® 55 55 52 52 48 50
Bathroom  above Bathroom® 52 52 50 50 48 4B
Corridor above Corridor” 50 50 48 4B 46 46

NOTES; RE: TABLE 10-3

1. The most desirable plan would have the floor-ceiling assembly
separating spaces with equivalent functions, e.g., living room above
living room ete,; however when this arrangement is not feasible the
agsembly must have greater acoustical insulating properties.

2. This arrangement requires greater ilmpact sound insulation than
the converse, where a sensitive area ls above a less sensitive area.

3, Or dining, or family, or recreatlon room.

4, BSee text for proper vibration iselation of plumbing fixturas
and appliances,

5, The airborne STC criteria in this table apply as well fo
vertical partitions betwesn these two spaces.

6, Thig arrangement requires equivalent airborne sound insulation
and perhaps less impact sound insulatien than the converse,

7. Sea text for proper treatment of stalrease halls and corridors.
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The sound insulation between living units and other spaces within
the building requires special coneiderations. Placement of living units
vertically or herizontally adjacent to mechanical equipment rooms should
be avoldad whenever possible., If such cases arise, the following is
applicable, Generally the recommended airborne scund insulation
criteria between mechanical equipment rooms and sensltive areas in
dwellings are STC 2 65, STC 2 62 and STC = 58 for grades I, II, and III,
respectively. Mechanical equipment rooms include furnace-boiler rooms,
elevator shafts, trash chutes, cooling towers, garages, and the like.
Sensitive areas Lnelude bedrooms and living rocoms. Similarly, the
recommended criteria between mechanical equipment rooms and less sensi-
tive areas in dwellings are STC 2 60, STC = 58 and STC = 54 for grades
I, IT, III, respectively, where less sensitive aress include kitchens
and famlly or recreation rooms, Double-wall construetion is usually
necessary to achieve adequate acoustical privacy, Where living units
are sbove nolsy areas, the airborne sound insulation is important and
impact insulation becomes a moot point as long as structure-borne
vibration is minimal, However, where mechanical equipment rooms are
above living areas, the alrborne sound insulation must be maintained,
but in addition the impact insulation becomes extremely important and
elaborate steps must be taken to agsure freedom from intruding vibra-
tions and impact noise., It ig not advisable to asciiliz impact insu-
lation criteria values to this case, but rather as discussed in Chapter
7, such structures should be designed to assure quiet living spaces.

Placement of dwelling unite vertically or horizontally adjacent to
business areas such as restaurants, bars, community laundries and the
like should be avoided whenever possible, If such situations arise, the
recomnended airborne sound Insulation criteria between businegs aresas
and sensitive living areas are STC = 60, STC 2 58 and STC 2 56 for
grades I, II, III, respectively, If the living areas are situated above
business areas, impact insulation criteria of IIC = 60, IIC 2 58 anc
IIC ® 56 should be adequate; however, Lf the relative locations are
reversed, i,e, business areas above living areas, the impact insulation
criteria values should be increased at leaat by 5 points.

If noise levels in mechanical equipment rooms or business areas
exceed 100 dB, as measured using the ""linear" or the "C'" scale of a
gtandard sound level meter, the alirborne insulation criteria glven above
must be raised 5 points.
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Table 10-4 lists supgested criteria for airbornme sound insulation
of partitions separating rooms within a given dwelling unit,

TABLE 10-4, Criteria for Alrborne Sound
Insulation within a Dwelling Unit

Grade I Grade II Grade ITI
Partition Function Between Rooms STC STC STC
Bedroom to Bedroom 1' 2 48 44 40
Living room to  Bedroom ' 2 50 46 42
Bathroom to Bedroom ;' 2,3 52 48 45
Kitchen to  Bedroom ’aé 3 52 48 45
Bathrocom to Living room ' ® 52 48 45

NOTES: RE: TABLE 10-4

1, Closets may be profitably used as "buffer" zones, providing
unlouvered doors are used.

2, Doors leading to bedrooms and bathrooms preferably should be of
solid-core construction and gasketed to assure a comfortable degree of
privacy.

3. See text for proper vibration isolation of plumbing fixtures

and appliances.

Townhouses and row-houses where the living unit oceuples more than
one story should be separated by a double-wall construction with &
rating of STC = 60 or greater. Suggested criteris between rooms in a
given dwelling are the same as listed in Table 10-4 and in addition, the
floor-ceiling structures should have IIC ratings which are at least
numerically equivalent to or greater than the listed STC criteria,

Roof-top or indoor swimming poelas, bouling alleys, ballrooms,
tennis courts, gymnasiums and the like require extremely specialized
acoustical considerations,

Constructions which meet the above recommended criteria should
provide adequate acoustical privacy in most cases. However, after
sufficient dats are cbtained which may relate occupant subjective
satisfaction with objective measurements of the acoustical properties
of structures, it may hecceme apparent that revislon is necessary and
desirable, Such subsequent revisions might be in the more stringent
direction or indeed, perhaps in the leas stringent direction to effect
a desirable balance between acoustical privacy and economic feasibility.
Nevertheless, the inherent flexibility of the system provides for ease
of revision and a baails upon which subsequent incremental changes might
be made by code authorities and architects.
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CHAPTER 11
DISCUSSION AND PRESENTATION OF DATA

A, GENERAL DISCUSSION

To enhance the usefulness of this guide, the results of airborne
and impact sound insulation measurements of a large number of wall and
floor structures were obtained from many sources and are presented At
the end of this chapter, The types of structures range from those .
rated as excellent sound insulators to those which are admittedly poor.
There are two purposes for Iincluding this wide variety of constructiom,
one is to present some structures which maet or axceed the FHA criteria
and the other is to illustrats some of the structuies used commonly
which do not provida adequate sound insulation.

In general, most of the airborne sound insulation data presented
wera obtained from measurements made in accordance with ASTM E90 mathods
or equivalent, i.e, STL measurements in reverberant roems, In the case
of some European data, which were originally presented as normalized
level differences, appropriate adjustments were made In order to present
the data as sound transmission loss results and thus, maintain some
consiatency, Similarly, the impact sound pressure lavel daca reported
were obtained from measurements using the tapping machine specified in
I50 R140, However, wherever possible, the 1/3-octave data were presented
as measured, i,e, without the arbltrary 5 dB adjustment to corrsspond
with oetave band data, In faet, in cases where that adjustment had been
made previously, 5 dB were subtracted from the levels so that they could i
be presented as originally measurad, Some octave band* results are
presented as measured and the accompanying IIC racings are approximately
those which might have been obtained from 1/3-octave band analyses,

The sound transmission losa and impact sound pressure level data
presentad vere obtained from laboratory measurements unless otherwise
apecified, Those data which were obtained from field meagurements atre
indicated as such in the remarks on the data sheets, In all cases, the
reported results are applicable only to the individual specimen tested
and therefore do not necessarily apply to all structures of a similar
type. In a few instances, results from a sufficlent number of tests
conducted on nominally identical structures were obtalned so that the
average valuas could be presented along with the spread of the results
which is indicated by the shaded areas on the graph sgheeta.

A significant problem arises in presenting data obtafined from fileld
measurements because there are no standard methods of field measurement
of airborne and Impact sound insulation in the United States. (The
American Society For Testing and Materials Lls presently drafting a much-
needed standard for determining airborne gound insulation in fleld
inatallations, which may soon alleviate part of this problem.} Some
investigators claim that good agreement between laboratory and field
measurements may be obtained when special precautions are taken to aveid

#1/3-pctave band data are preferred and all future results should be
presented in this manner.
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flanking transmission paths in buildings, and when the measurements are
conducted as clesely as pessible in accordance with ASTM E90~61T. In such
cases the test specimens are full scale partitions in an actual building
where reverberant, though not necessarily diffuse, sound fields exist

in the test rooms. Some of the resulets of such field measurements are
presented in this chapter,

An attempt was made to relate the results of laboratory measurements
of walls with those of fiald measurements which ware conducted without
special precautions to eliminate flanking pathsa. The rather tenuous
conclusion drawn was that the STC rating based upon such f£ield measure-
ments might be on the aversge about 4 or 5 points lower than that obtained
from "nominally identical® structures tested in the laboratory. Ses
Appendix B for a more complete discussion of the comparison of laboratory
and field sound insulation measurements.

Another point which warrants some discussion is that the recommended
eriteria given in Chapter 10 are based on the STC rating system specified
in ASTM E90-66T, while the STC ratings given on the data sheets are based
uport the older STC agyatem of ASTM E90-61T. As mentioned previously, the
STC rating system given in the newer document is a revised version of
that given in E90~51T, relative to contour shape and method of computation.
Although, in some cases, the resultant STC ratings obtained for the same
structure may differ slightly, this should not be troublesome because it
is generally acknowledged that a differaonce of 1 or 2 in the STC rating
of a given partition will not spell the difference between occupant
satiafaction or dissatisfaction, A statisticel check using limited
numbers of structures for which both STC6 and STC 6 ratings could be
obtained shows that the STC6 rating is a%out 1.5 go 2 points higher, on
the average, than the STC 1 gating for a given construction. However, it
would be dangerous to apply an "across the board" adjustment to all STC61
ratings, for the spread between the rating systems 1s about -2 to -+i.

The primary reason for recommending criteria based on the STC. . syatem ia
simply to provide currency to the gulde, Unfortunately, there isg an
ingufficient quantity of data basad on this system to present at this
time, Consequently, E90-61T data are reported and should prove to he
quite useful, since the given detailed sound transmission loss spectra
are more Important than any single-figure rating,

B, DATA SHEETS
Although the data gheets should be self-sxplanatory, a brief supple-

mentary explanation might be helpful, The sound transmission loas data of
wall structureg are given on data sheets W-1 through W-87; then the STL
and the impact sound pressure level data of floor-ceiling structures
follow on data sheets F-1 through F-61., Many data sheets include {infor-
mation of more than one structure, e,g. the same basic structure with
modifications, Data are presented for 137 wall conatructions and 111

floor~ceiling struectures,
The data sheets include the following information:

(1) TYPE - identifies the basle structure

(2) TEST REF, - identifies the source of the data presented. The
first number referg to the item in the "List of Refarences of Test Data'
which follows the datg section, The next number refers to the 'test or
Job number" aassigned by the investigator. For example, TEST REF: 3-(727)
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refers to Ltem 3 on the list which 1z "Sound Insulation of Wall, Floor,
and Door Constructions', NBS Monograph 77 and (727) is the numbher
assigned to the test specimen by the National Bureau of Standards.

(3) DESCRIPTION - the cowponents are desecribed In generic terms,
i,e, trade-marked names are excluded, and dimensions are given where
they were available, In addition, the totsl nominal thickness and the
area weight, in lbs/ftz, are given for each structure, A drawing of
each structure, with the scale usually internally consistent, supple-
ments the written description,

(4) OGraphs which 1llustrate the detailed STL and ISPL spectrs are
presented, The grid pattern of these graphs 1s approximately 25 dB =
frequency decade. In some cases the ordinate scale has heen shifted
appropriately in order to plet the curve on the graph.

¢{5) The STC and TIC ratings as well as the fire ratinga arve given,
Pertinent Information and the reference sources of fire ratings are
gilven in Appendix A.

(6) In some cases, self-explanatory remarks are included on the
date gheets.

C. INDICES

Three indices aere included to aid in the gelection of constructions
and are described as follows:

(g) Index I - Sound Transmission Class of Wall Constructions is
arrangad in descending order of STC ratings and includes a brief coded
description of constructional elements and the appropriate data sheet
number,

(b) Index II - Sound Transmission Class of Floor-Ceiling

Constructions is arranged as above for floor-ceiling assemblies and

includes the YIC ratinga,
(c) Index III - Impact Ingulation Class of Floor-Ceiling

Constructions is arranged in descending order of IIC ratings and includes

the STC ratings.
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TYPE: SOLID CONCRETE

TEST REF: 3-(807), 10, 7-(TL 59-1)
DESCRIPTION: 3-in,-thick solid concrete wall poured in situ in test opening.

All surface cavities were sealed with thin mortar mix. 1~ to 2-in. slump

concrete mixture consisted of 611 1lb cement, 1480 1b sand, 1603 1lb gravel,
and 38 gal water per cubilc yard.

Total thickness: 3 in.

Avea weight; approximately 39 1b/ft®

STC w» 47; Fire Rating: approximately 30 min, (est.)

REMARKS: Three nominally identical structures tested in three different

laboratories, The plotted curve is the average wvalue and the shaded area

indicatea the spread of the measurements,
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TYPE: CONCRETE
TEST REF:  1-(5202-3, 4; S203-1, 2)
DESCRIPTION: 6-in.~thick concrete wall with a 1/2-in,-thick layer of plaster

on both sides,

Total thickness: 7 in,

Area weight: 80 lblftz

REMARKS : The plof:ted curve 1s the average of field measurements of Four

nominally identical structures. The shaded area Indicates the spread of the

measurements.

STC = 53; Fire Rating: J hra, (est.)
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TYRE: CONCRETE WALL - WOOD-WOOL AND PLASTER ON FURRING

TEST REF:  1-(5212, S213, §214)
DESCRIPTION: Wall consisted of precast concrete posts spaced about 5 ft

on centers with 6-in.-thick '"in situ" concrete between posts. On each side,
1/2- by 2-in. furring strips (spacing not specified) with l-in.-thick wood-
wool slabs attached and plastered to a thickness of 1/2 in.

Total thickness: 10 1in.

Area weight: 62 lb/Etz

REMARKS: The plotted curve is the average of field measurements of seven
nominally identical structures., The shaded area indicates the spread of the

measurements.,

STC = 52; Pire Rating: over 3 hrs. (est.)
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TYPE: S0LID CONCRETE BLOCK
TEST REF: 7=(TL 59-11)

DESCRIPTION:  Wall of 4-, 6-, and B- by 8- by 16-in. sand and gravel

aggregate solid concrete blocks; on each side, 1/4-in, to 1/2-in.-thick

layer of cement gypsum plaster and sand.
Total thickness: approximately 16 in.
Area welght: 184 lblft2

S8TC = 63; Fire Rating: over 4 hrs.
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TYPE: BRICK
TEST REF: 1-(8170)

DESCRIPTION: 4 1/2-in.-thick brick wall with a 1/2-in.-thick layer of

plaster on each side,
Total thickness: 5 1/2 in.

Area weight: 55 lb!ft2

REMARKS: The plotted curve is the average of fleld measurements of three

nominally identical structures. The shaded area indicates the spread of the

meagurements,

STC = 42; Fire Rating: 2 1/2 hrs.

0 tm rY 1% T VT
601 .
o | ]
= :
[7x] - y
B :
= S0P ]
= b -
e ]
w2 L. -
Lz ]
= L :
E 40 .
o - e
- [ 3
a - =
= o -1
2 ¥ =
w 30_ -
" ]

zc: Ll -l L.l Ll 1Al J
125 250 500 iK 2K 4K

FREQUENCY, Hz2

N LR

i S e



e ———— e

TYPE: BRICK
TEST REF: 1-(s173, s175-2, $182, 5183, 5184, S185, 5186, S1B9, 8195, 5196)

OESCRIPTION: 9-in.-thick briek wall with a 1/2-in.-thick layer of plaster on
each side.
Total thickness: 10 in.

Area weight: 100 lb/ft2
REMARKS : The plotted curve 1s the average of fleld measurements of

seventeen nominally identical partition walls. The shaded area shows the
spread of the measurements.

S8TC = 52; Fire Rating: over 4 hrs.
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TYPE:
TEST

REF:

DESCRIPTION:

Total thicknesa:

Area

welght:

REMARKS:

STC = 56; Fire Rating:

BRICK
2-(307)

12-in.-thick brick wall,

12 in.

121 1b/£t°

The STC value is based upon nine test frequencies.

over 4 hrs,
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TYPE: STCONE
TEST REF: 1-{5200)
DESCRIPTION: 24-in,~thick stone wall with a 1/2-in.-thick layer of plaster

on both sides,
Total thickness: 25 in.
Area welght: 280 1b/ft2
REMARKS: These measurements were conducted in the field.

STC = 56; Fire Rating: over 4 hrs,
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TYPE: HOLLOW CONCRETE BLOCK

TEST REF: 2-(308) ;!
DESCRIPTION: 12-in, wall made of hollow 8- by 8- by 12-in. and 8- by f- i

by 1l6-in. concrete blocks.

Total thickness: 12 in.
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Area weight: 79 1b/fe’

e s T B R

i REMARKS: The STC value is based upon nine test frequencies.
H ;*
,i?‘ STC = 48; Fire Rating: 4 hrs, i
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TYPE: HOLLOW CONCREL'E BLOCK
TEST REF: (a) 6-(17TR); (b) 6-(18IR)
DESCRIPTION: ¢a) 6-in. hollow concrete blocks constructed with vertical mortar

joints staggered,
(b) Similar to (a) except wall was painted,
Total thickneas: 6 in.

Area weight: 34 1b/£t?

(a)——————8TC = 43; Fire Rating: 1 hr. {est.}

(b) ————- STC = 45; Fire Rating: 1 hr. (est.)
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TYPE: CINDER BLOCK
TEST REF:  (a) 2-(144); (b) 2-(145)
DESCRIPTION: (a) 4- by 8- by 16-in. hollow cinder blocks; on each side

5/8 in. of sanded gypsum plaster,
Total thickness: 5 1/4 in.
Area weight; 35.8 1b/ft*
(b) Similar to (a) except the blocks were 3 in., thick.
Total thickness: 4 1/4 in.
Area weight: 32.2 1b/ft:2
{a) ~——————— STC = 46; Fire Rating: 2 hrs.
(b seeaseresacsnans STC = 45; Fire Rating: 1 1/2 hrs.

REMARKS:  The STC values are based upon nine teat frequencies.
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TYPE: CEMENT BLOCK
TEST REF:  (a) 16-(Fig. 10); (b) 16~(Fig. 10)
DESCRIPTION: (a) 3 5/8~ by 7 3/4~ by 13 1/2-in, lightwelght-aggregate cement

blocka with 1/2-in. mortar joints; three coats of masonry paint applied to
each side of partition,
Total thickneas; approximately 3 3/4 in.

Area welght: 26,1 11:11‘.1Et:2

(b) Same as (a) except l- by 2~in. furring strips were nalled
vertically to partition on one side; 1/16-in. layer of lead, 3.94 lblftz,
nailed to furring strips, l/4-in. plywood covered lead with joints caulked,
Total thickness: approximately 5 in.

Area weight: approximately 31 lhlftz (Not specified in reference)

(a) STC = 44; Pire Rating: 1 1/2 hrs. {est.)
(b))~ ———— STC = 50; Fire Rating: 1 1/2 hrs. (est.)
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TYPE: HOLLOW GYPSUM BLOCK

TEST REF: 2- (304, 309)
DESCRIPTION: 3-in. hollow gypsum blocks cemented together with 3/8-in, mortar

joints; on each side, 1/2-in, sanded gypsum plaster.

Total thickness: & in.

Area weight: approximately 21,5 1b/ft2

STC = 40; Fire Rating: 3 hrs,

REMARKS : The plotted curve represents the average of laboratory

measurements of two nominally identiecal structures., The STC value is based

upon nine test frequencles,
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TYPE: HOLLOW GYPSUM BLOCK
TEST REF: (a) 2-(305); (b) 4-(Fig. 13.38)
DESCRIPTION' {a) 4-in. hollow gypsum blocks cemented together with Z/8-in.

mortar joints; on each side, 1/2-in. sanded gypsum plaster.
Total thickness: 35 in.
q Area welght: 23.4 lblftz

(b) Similar to (a) except plaster coat was 5/8 in., thick.
(a) ————————-STC = 42; Fire Rating: 4 hra.
(B) seeonmmncmnans -« STC = 34
REMARKS: Curve (a) {llustrates the results obtained from laboratory
measurements and curve (b) the results of fleld measurements of the sound
transmission loss of a similar structure. The STC value of (a) 1a based

upon nine test frequencies,
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH SIDES
TEST REF: (a) 3-(313); (b) 2-(317)

DESCRIPTION: (a) 3= by 12~ by 30-in, hollow gypsum blocks with 1/2-in, mortar
joints. On one side 7/16-in. sanded gypsum plaster; on the other aide
resilient clips, spaced 18 in. on centers vertically and 16 in, on centerd
horizontally, held 3/4-in, metal channels 16 in. on centers, to which
expanded metal lath was wire-tied; 11/16-in, sanded gypsum plaster.
white-coat finish applied to both sides,

Total thickness: 5 in,

Area welght: 27 1b/£c°
(b) Similar to (a), except 4~ by 12- by 30-in, gypsum blocks

1/16-in.

were used.
Total thickneas; 6 in.

Area weight: 31 lblft2
REMARKES:  The STC values sre based upon nine test frequencies,

(8) ~——————STC = 46; Fire Rating: 3 hrs.

(b) r=emmecmsmnacean STC = 53; Firve Rating: 4 hrs.
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH SIDES

TEST REF:  3-(315)
DESCRIPTION: 3~ by 12~ by 30-in, hollow gypsum blocks with 1/2-in, mortar

Joints., On one side 7/16-in, sanded gypsum plaster; on the other side
resilient clips, attached with 2-in. staples placed 24 in, on centers
horizontally and 28 1/4 Iin. on centers vertically, held 3/4-in. horizontal
metal channels wire-tied 28 1/4 in. on centera to clips, 1/2-ip, "y" edge
long-length gypsum lath wire-tied to channels, and 11/16-in. sanded gypsum
plaster; 1/16-in. white-coat finish applied to both sides,

Total thickness: approximately 5 1/2 in.

Area welght: 27 1b/ft’
REMARKS: The STC value is based upon nine test frequencies,

STC = 45; Fire Rating:; 3 hrs.
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH SIDES
TESTREF:  (a) 3-(316); (b} 3-(319)
DESCRIPTION: (a) 3~ by 12- by 30-in. hollow gypsum blocks with 1/2-in, mortar
joints. On one side 7/16-in., sanded gypsum plaster; on the other side, slotted
regilient metal furring runners placed 25 in, on centers, nailed to mortar
Joints 12 in, on centers, 1/2-in. long-length gypsum lath wire-tied to the
runners, and 11/16 in, of sanded gypsum plaster; 1/16-in, white-coat finish
applied to both sides,
Total thicknesa: 5 1/4 in,
Area welght: 26 lb/Etz

(b) Similar to (a), except &4 by 12- by 30-in, gypsum blocks
were used,
Total thicknesa: 6 1/4 in.
Areas weight: 26 1b/ft®
REMARKS : The STC values are based upon nine test frequencies.

STC = 47; Fire Rating: 3 hrs.

(b) smeeemememmnenn STC = 493 Fire Rating: 4 hrs.
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TYPE: HOLLOW GYPSUM BLOCK, RESILIENT ONE SIDE, PLASTER BOTH SIDES
TEST REF: (a) 7-(TL 60-127); (b) 3-(314); (c) 5~(Fig. 6)
DESCRIPTION: {a) 3- by 12- by 30-in. hollow gypsum blocks with 1/2-in. mortar
jointa, On one side, 3/8-in. gypsum lath attached with resilient clipa
stapled 16 in, on centers to blocks, 1/2-in, sanded gypsum plaster with white-
coal finish; on the other side, 5/8-in. sanded gypsum plaster with white-coat
finish,
Total thicknesa: approximately 5 1/4 in,
Area weight; 21,7 1b/ft?

(b) Similar to (a) except plaster on non-resilient side was
1/2 in. thick,
Total thickness: approximately 5 1/8 in.

Area weight: 24 lb/ft2
(e) Similar to (b) except measurements were conducted in the field,

Total thickness: approximately 5 1/8 in. ‘
Area welght: approximately 24 lb/ftz (Not specified in reference)
REMARKS : The STC value of panel (b) is based upon nine test frequencles.

(a) —=————uws B8TC = 51 (B) weemremrmmeee STC = 52 (e) — == —. 8TC = 43
TC_ VT TV TVvT T 1T~} Iire Rating: 3 hrs.
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TYPE:
TEST REF:

HOLLOW GYPSUM BLOCK, GYPSUM LATH AND RESILIENT CLIPS ONE SIDE
9- (8-1090072¢)

DESCRIPTION: 4- by 12- by 30-in, hollow gypsum blocka ismolated around

perimeter with 1/2-in.-thick continuous resilient gasketsa.

On one side,

3/8-in., gypsum lath attached with resilient clips 16 in. on centers, 1/2-in.

aanded gypsum plaster with white-coat finish applied to lath; on the other

aide, 5/8-in, sanded gypaum plaster with white-coat finish applied directly

to gypaum blocks.

a non~setting resilient caulking compound,

Total thickneso:

Area weight:

6 in.

24,1 1b/£t?

STC = 473 Fire Rating; 4 hra.

REMARKS:

The above teat was conducted in the £ield,

The 1/4~in, clearance around the perimeter closed with

One adjoining wall

was plastered masonry and the other was a stud wall with 1/2-in. gypsum lath

and 1/16~in, plaster finish coat.
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TYPE: HOLLOW GYPSUM BLOCK, FURRING STRIPS AND RESILIENT CLIPS ONE SIDE

TEST REF: 9-(8-1090072£)

DESCRIPTION: 3~ by 12- by 30-in, hollow gypsum blocks isolated around
perimeter with 1/2-in,-thick continuous resilient gaskets. On one side,
2- by 2-in, wooden furring atrips wire-tied horizontally 16 in, on centers
1 1/2-in.-thick mineral fiber blankets stapled between

to gypsum blocks.
3/8-1in, plain gypsum lath held by resilient clips nailed to

furring atrips,
the furring strips; 1/2-in. sanded gypsum plaster with white-coat finish
On other side, 5/8-in, sanded gypsum plaster with white-

applied to lath,
The 1/4-in, clearance around

coat finish applied directly to gypsum blocks.
perimeter closed with a non-aetting resilient caulking compound.
Total thickness: 7 in,

Area weight; 22,9 lb/ft2

STC = 52; Tire Rating: 3 hrs, (est.)

REMARKS : This test was conducted in the field.
plastered masonry and the other was a stud wall with 1/2-in, gypsum lath and

One adjoining wall was

1/16-in, plaster finigh coat,
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TYPE: HOLLOW CONGREYE
TEST REF:  1-(5280)
DESCRIPTION: Precast concrete hollow wall panels with in situ concrete posts

and beams. The panels have 1 1/2-in.-thick concrete shells with a 6 1/4-1in.
airgpace between them. A 1/2-in.-thick layer of fiberboard is adhered to the
exposed surfaces of the panel.

Total thickness: approximately 10 1/4 in.

Area welght: 37 11:-.fft:2

REMARKS: The plotted curve is the average of results of field measurements
of two nominally identical structures, The shaded area indlcates the spread
of the measgurements.

SIC = 43; Fire Rating: Not availasble
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TYPE: DOUBLE BRICK WALL - 2-in, CAVITY
TEST REF: (a) 1-(8219, 5220); (b) 1-(s221)
DESCRIPTION: (a) Double wall with 4 1/2-in,~thick brick leaves separated by

a 2-in, cavity (wire ties between leaves); 1/2-in. plaster on exposed sides.

(b) Similar to (a), without wire ties between the leaves.

Total thickness: 12 in,

Area weight: 100 1b/fl:2

REMARKS: The plotted curves are the average values of field measurements
of three nominally identical structures of type (a) and two structures of
type (b), The shaded areas indicate the spread of the measurements.

() diitiriiiionass STC = 49; Fire Rating: over 4 hra.

(b) swiwsnnaremnsars STC = 54
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TYPE: DOUBLE BRICK WALL ~ 6-in, CAVITY

TEST REF:  1-(5287)
DESCRIPTION: Double wall with 4 1/2-in,-thick brick leaves, 6-in, cavity (no

ties); on exposed sidea, 1/2-in, plaater on l-in,~thick wood-wool slaba
mortered to the brick walls,
Total thickneas:; 18 in,

Area weight: 120 1b/ft2

REMARKS: The plotted curve 16 the vresult of field measurements on one

atructure.

STC = 52; Fire Rating: over 4 hrs.
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TYPE: DOUBLE CLAY BLOCK WALL - 2 1/2-in. CAVITY

TEST REF:  1-(5273)
DESCRIPTION: Double wall: 4 1/4=in,-thick hollaw clay block leaves, 2 1/2-in,

cavity, (wire ties between leaves); 1/2-in. plaster on each side.
Total thickness: 12 in.

Area weight: 50 1b/ft”
REMARKS : The plotted curve is average of the results of field measurementa

of two nominally identical structures. The shaded area indicates the apread of

the measurements,

8TC = 43; Fire Rating! 3 hrs. (est.)

70 LI ) L 13 A retd iv]

Illl{lii
raaslsge,

3

el prapleeys II]I'II!! RETE SR
ry

NS

L]
L=

E
[~

"gli flil'llfl IIIIIIIII

SOUND TRANSMISSION LOSS {dB)

3o

TITT{TTVITITY

LAl LAl LAl

025 500 K 2K
FREQUENCY, Hz

"

o
-~
=




B e L ez e et e

S

g

TG

r

gt

o

TYPE: DOUBLE CLINKER BLOCK WALL - 2-in. CAVITY

TEST REF: 1-(5245)
DESCRIPTION: Double wall with 4-in,-thick elinker block leaves, 2-in. cavity,

(no ties between leaves) 1/2-in. plaster on exposed sides.
Total thickness: 11 in.

Area weight: 70 1b/ft2

REMARKS: The plotted curve is the average result of field measurements of
four nominally identical structures, The shaded area indicates the spread of

the data,

STC = 52; Fire Rating: over 4 hrs.
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TYPE: DOUBLE WALL ~ CONCRETE PANEL AND CLINKER BLOCK

TEST REF: 1-(5282)
DESCRIPTION: Double wall consisting of approximately 2-in,~thieck concrete panala

mounted on 2- by 4~in. reinforced concrete posts apaced 18 in. on centers with
inner leaves of 2-in,~thick clinker block; a 2-3-in, cavity between inner
leaves. 1/2-in.-thick plaster coat on the exposed surfaces.

Total thickness: 19 in.

Area weight: 80 1b/ft?

STC m 60; Fire Rating: over 2 hrs. (est.)

REMARKS: The plotted curve represents the average of field measurements

of two nominally identical structures. The shaded area indicates the spread

of the measurements.
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TYPE: WOODEN STUD, GYPSUM WALLBOARD
TEST REF: 12-(Fig. 8.2); 2-(224, 234)
DESCRIPTION: 2- by 4-in, wooden atuds 16 in, on centers; on each side 1/2-in.

T T T

gypsum wallboard nailed to studs; all joints taped and finished,
Total thickness: approximately 5 in.

: Area welght: approximately 6 llz:fft:2

STC = 39; Fire Rating: 1/2 hr, - combustible

————— SIC = 38
-------------- 5TC = 37

REMARKS: The STC values for structures from reference No. 2 are based

upon nine test frequencles.
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TYPE: WOODEN STUD, GYPSUM BOARD WITH LEAD

TEST REF:  (a) 12-(Fig. B.2), 2-(224, 234); (b) 16-(Fig. 4); (¢} 16-(Fig, 4)
DESCRIPTION: (a) 2~ by 4=in. wooden studs 16 in. on centers, 1/2-in. gypsum

wallboard nalled to each aide. All joints taped and finished,
Total thickneas: 5 in.
Area weight: approximately 6 lb/ftz
(b) Similar to (a) except a layer of lead, 2.95 lblftz, was
laminated to each side of panel,
(c) Similar to (a) except a layer of lead, 6.74 lblftz, waa
laminated to one side of panel,
Total thickness: approximately 5 1/8 in.
Aren weight: approximately 12.5 1b/Et2

(a) STC = 39; Fire Rating: 1/2 hr, - combustible
(b)-m——— STC = 47; Fire Rating: 1/2 hr. - combustible
{¢)--=—-wwer=e=STC = 48; Fire Rating: 1/2 hr, - combuatible

REMARKS: The STC value for structure (a) 1s based upon STL levels at

nine frequencies.
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SOUND TRANSMISSION LOSS (d5)

TYPE: WOODEN STUD, GYPSUM BOARD

TEST REF:  3-(240)
DESCRIPTION: 2- by 4-in. wooden studs 16 in, on centers attached to 2- by 4-in,

wooden floor and celling plates, 5/8-1in. tapered-edge gypsum wallboard nailed

7 in. on centersa to both sides of studs, All Joints taped and finished.
Total thickness: 5 1/4 in.

Area welght: 7.2 1b/f::2

STC = 36; Pire Rating: 1 hr. - combustible
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TYPE: WOODEN STUD, GYPSUM LATH AND PLASTER

TEST REF:  (a) 2-(148, 149) 3-(251); (b) 3-(239)
DESCRIPTION: (a) 2~ by 4~in, wooden studs 16 in. on centers attached to 2« by

4-in, wooden floor and ceiling plates, 3/8-in, gypsum lath nailed to studs on
both sides, 1/2-in, sanded plaster with white-coat finish,
Total thickness: 5 3/4 in.
Avea welght: 13.4-15.7 1b/£t°
{b) Similar to (a) except the gypsum lath was perforated.
Total thickness: 5 3/4 in.
Area welght: 14.2 1b/£t>

()
(D) emvavesentamann STC = 44; Fire Rating: 1 hr. - combustible

STC = 46; Fire Rating: 45 mln, - combustible

REMARKS : The plotted curve (a) is the aversge of teats of three nominally

identical walls,
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TYPE: WOODEN STUD, LATH AND PLASTER WITH LEAD

TEST REF: {a) 2-(148, 149), 3-(251); (b) 16-(Fig. 6); (c) 1l6~(Fig. 6)
DESCRIPTION: (2} 2« by 4-in, wooden otuds 16 in. on centers, 3/B-in. gypsum
lath nailed to studs on both sides, 1/2-in. sanded plaster with white-coat
finish,

Total thickness: 5 3/4 in,

Area weight: 13.4-15.7 1b/£t>
{b) Similar to {a) except a 0,065-in,~thick layer of lead weighing

3.85 1b/ft:2 wa# laminated to each side of panel.
(c) Similax to (a) except a 0.13-in.-thick layer of lead weighing
7.9 1b/ft2 was laminated to one a&ide of panel.
Total thickness; approximately 5 7/8 in.
Area welght: 17-19 11::/551:2
(a) ————s—unSTC m 46; Pire Rating: 45 min. - combustible
() ————- STC = 47; Fire Rating: 45 min. - combustible
(&) —-—vemruns STC = 46; Fire Rating: 45 min. - combustible

REMARKS : The STC value of curve (a) ls based upon nine test frequencies,
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TYPE: WOODEN STUDS, GYPSUM WALLBOARD

TEST REF:  (a) 2-(225); (b) 3-(241)
DESCRIPTION: {a) 2- by 4-in. wooden studs 16 in., on centers; on each side two

layers of 3/8-1n, gypwum wallboard cemented together; joints in exposed surfaces

taped and finished,
Total thickness: 5 1/2 in.

Area weight: 8.2 1b/ft:2
{b) Simflar to {a), except that the gypaum wallboard was 5/8 in.

thick, and the £irst layer waas nailed 7 in. on centers and the second layer 14 in.
on centera; joints in e?cpoued aurfaces taped and finished,
Totel thickness: 6 1/2 in,

Area welght: 12.9 1b/ft?
(a) STC » 40; Fire Rating: 1 hr. - combustible
(b)=mammeuseccen=< §TC = 41; Fire Rating: 1 1/2 hrs. (eat,) - combustible

REMARKS: The STC value of curve (a) is based upon nine test frequencies.
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TYPE: WOODEN STUD, FIBER BOARD, PLASTER :
TEST REF: 2-(205)
DESCRIPTION: 2- by 4-in. wooden atuds 16 in, on centevs, 1/2-in. wood fiber i

board nailed 3 in. on centers along edges of fiber bosrd to atuds, 1/2-in. i

sanded gypsum plaster on both sides,

i Total thickness: 6 in. ¥
ﬁ Area weight: 12.6 1b/ft2 ?

§TC = 42; Fire Rating: 1/2 hr. - combustible

g? REMARKS:  The SIC is basmed upon nine test frequencies. ]
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TYPE: STAGGERED WOODEN STUD, GYPSUM BOARD

TEST REF: {a) 3-(242); (b) 3-(243)
DESCRIPTION: (a) 2- by 3-in, wooden studa 16 in. on centers, staggered 8 in,

on centera, attached to 2~ by 4-in. wooden plates at cefling and floor; 1/2-in,
gypsum wallboard nailed 7 in. on centers on both aides to mtuda, All joints
taped and finished,
Total thickneas: 35 in.
Area welght: 6.2 1b/ft®

(b} Similar to (a) except the gypaum wallbosrd was 5/8 in, thick.
Total thicknesa: 5 1/4 inm,
Area welght: 7.7 1b/ft:2

(8) ==—————ue. STC = 44; Fire Rating: 1/2 hr. (est.) - combustible

() I — - STC = &44; Fire Rating: 45 min, (est.) - combustible
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i TYPE: STAGGERED WOODEN STUDY, (a) GYPSUM BOARD (b) LATH AND PLASTER
TEST REF: (a) 3-(244); (b) 3-(245)

DESCRIPTION: (a) 2- by 3~in. wooden astuds 16 in. on centers, staggered B in,
on centers (attached to 2- by 4-in, wooden plates at floor and ceiling); two

S

layers of 5/8-in, tapered-edge gypsium wallboard, first layer nailed 7 in, on
centers, second layer nailed 16 in. on centera. All expoaed.jointa taped
and finished,

Total thickness:; 6 1/2 in,

Area welght: 13,4 1b/fe>
(b) Similar to (a) except the wall was constructed with 3/8-in.

[T N

perforated gypaum lath and 1/2-in, sanded gypsum plaster with white-coat
finish.

Total thicknesa: 5 3/4 in,

Area welght: 15.6 1b/£t?

(a) STC = 44; Fire Rating: 1 1/2 hrs, (est.) - combustible
(b) mememenancaens STC = 43; Fire Rating: 1 hr. (eat.,) - combustible
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TYPE: STAGGERED WOODEN STUD, GYPSUM LATH AND PTASTER

TEST REF: (a) 3-(237); (b) 3-(238)
DESCRIPTION: (a} 2- by 4-in. wooden atuds 16 in. on centers staggered 8 in. on

centecrs and offset 1/2 in. On each aide 3/8-in. gypaum lath nailed te -ruds,

1/2~in. gypsum vermiculite plaster, machine-applied, and a hand-applicu wniLte-

coat finish.

Total thickness: 6 1/4 in,

Area weight: 11,1 lblf::2

(k) BSame aa (a) except the apace between the atuds contained

vermiculite €111 with n density of 6.3 lblfta.
Total thicknesa: 6 1/4 in,

Aren welght: 12.8 11:/1:'1:2
(8) ————————5TC = 43; Fire Rating: 45 min. (est.) - combustible

() T ——. STC = 48; Fire Rating: 1 hr, (est.) - combustible

REMARKS:  The STC values are based upon nine teat frequencies.
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TYPE: STAGGERED WOODEN STUD, GYPSUM BOARD WITH INSULATION

TEST REF: 2-(236)
DESCRIPTION: 2- by 4~in. wooden studs 16 in. on centers, scaggered 8 in. on

centers, attached to 2- by & 3/4-in, wooden floor and ceiling plates; 1/2-in,
gypsum wallboard nailed on both sides to studs, 0,9-in, wood-fiber wool

blanket stapled on the inside of one side of the wall. All jeinta taped

and finished.
Total thickness: 5 3/4 in.

Area weight: 13.8 lblft:2
REMARKS ¢ The STC walue is baged upon nine teat frequencies.

STC = 46; Fire Rating: L1/2 hr. (eat.) - combustible
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TYPE: SLOTTED WOODEN STUD, PLASTERED GYPSUM LATH WITH INSULATION

TEST REF:  7-(TL 62-348)
DESCRIPTION: 2- by 4-in, slotted wooden studs 16 in. on centera attached to

2- by 4-in. wooden £loor and ceiling plateas, 3/8-in, gypsum lath nailed 7 in.
on centera to studa, 1/2-in. gypsum plaster with white-coat finish applied to
both sides, 3-in., mineral fiber batts atapled baetween studs,

Total thickneas: 5 3/8 in,

Area weight: 14,2 1b/fe2

STC w 45; Fire Rating: 1 hr. (est.) - combustible
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TYPE: WOODER STUD, RESILIENT CHANNELS, GYPSUM BOARD
TEST REF: (a) 7~(TL 60-52); (b) 7(b)-(TL 61-10)
DESCRIPTION: (a) 2- by 4-in. wooden studs 16 in, on centers attached to 2- by

4-in, wooden fleoor and celling plates, resilient channels nailed horizontally

to both sides of studs 24 in. on centers, 5/8-in., gypsum wallboard serewed i

(b) Similar to {a) except an additional layer of 1/2-in. gypfum

12 {n, on centers to channels. All joints taped and finished, ¥
Total thickneas: 6 1/4 in, )
L
Aren weight: 6.7 1b/t? i
L:

wallboard was laminated to 5/8-in. gypsum wallboard on one side,

Total thickness; 6 3/4 in.

2 (Not specified in reference)

Area welght: approximately 9 1b/fc
() ~=+e———uSTC = 47; Fire Rating: 1 hr. (est.} - combustible

(b)s = — —— STC = 48; Fire Rating: 1 hr. (est,) - combuscible
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TYPE: WOODEN STUD, PLASTERED GYPSUM LATH WITH RESILIENT CLIPS

TEST REF:  (a) 3-(439); (b) 7-(TL 60-20)
DESCRIPTION: (a) 2- by 4-in. wooden studs 16 in. on centers; resilient eclips,

nailed to studs on both sides, held 3/8-in. gypsum lath, 1/2-in, eanded
gypsum plaster with white-coat finish.
Total thickness: approximately 6 1/2 in.

Area weight: 14.4 1h/ft2
(b) Simllar to (a) except different resilient clips were used,

Total thickness; approximately 6 1/2 in.

Area welght: 14,1 lbffl:2

(8) =——se—e—S5T0 = 44; Fire Rating: 1 hr. - combustible

.
:
;
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TYPE: WOODEN STUD, PLASTERED GYPSUM LATH WITH RESILIENT CLIPS ‘5
TEST REF: (a) 2-(420); (b) 2=-(421); (c) 2-(422); (d) 2-(423) ‘
DESCRIPTION: (a) 2- by 4-in, wooden studs 16 in. on centers; resilient clips, i
nailed to studa on both aldes, held 3/8-in. plain gypsum lath, 1/2-in, sanded ‘
gypsum plaster with white-coat finish, :
(b) Similar to (a) except a less reailient clip was used.
(c) Similar to (a) except the least reaillent clip of the three
was used,
Total thickness: approximately 6 1/2 in,
Area welight: 13.1 1b/£t2 ,
i (d) Same as (n) except perforated gypsum lath and perlite aggre- .

i gate plaster were used,
Total thicknessa: approximately 6 1/2 in. i
Area weight: 11.9 1b/fe? éf

(a) STC = 52 ()= == e — = 81C = 50 :
(b) rerusassrnncnsan STC = 51 () P— e STC = 53 <
REMARKS:  The SIC values for the above panela are basad upon nine test
frequencies.
70: et LA vt {a) ={c) Fire Rating: 45 min, ~
- combustible B
- (d) Fire Rating: 1 hr. - :!
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TYPE: STEEL TRUSS STUD, METAL LATH AND PLASTER
TEST REF: (a) 2-(166A); (b) 2-(l66B); (c) 2-(229)

DESCRIPTION: (a) 3 1/4-in, steel truss studs 16 in., on centers; on both sides

diamond mesh metal lath wire-tied to studs, 7/8-in, sanded gypaum plaster.

Total thicknesas: 5 1/4 in,
Area weight: 19,6 1b/ftd
{b) Similar to (a) except the space between the studs was packed
with mineral wool batts with a density of 5.2 1b/ftd.
Total thickness: 5 1/4 in,
Area weight; 21,1 1b/ £t
(c) Similar to (a) except the sanded gypsum plaster was 3/4 in.
thick,
Total thickness: 35 in,
Area weight: 19,1 1b/ft?
(a) ~———-=— STC = 39; Fire Rating: 1 1/4 hrs.
(b) eeremsecaeres STC = 39; Fire Rating: 1 1/2 hrs, (est.)
(¢} ===+ BTC = 41; Fire Rating: 1 hr.
REMARKS : The STC values are based upon nine test frequencies,
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TYPE: STEEL TRUSS STUD, LATH AND PLASTER WITH LEAD
TEST REF: (a) 16~(Fig. 7); (b) 16-(Fig. 7); (c) 16-(Fig. 7)
DESCRIPTION: (a) 1 5/8-in. steel truss studs; 3/8-in. gypsum lath, 1/2-in,
plaster on both sides,
Total thickness: 3 3/8 in.
Area weight; 12,3 1b/ft?

{b) Similar to (a) except a layer of lead, 2.95 1b/ft2, was
laminated to one side of partition.
Total thickness: approximately 3 1/2 in.
Area weight: 15.2 1I:n/fl:2

(c) Similar to (a) except a layer of lead, 2,95 1b/ft>, wan
laminated to each side of partition.
Total thickness: approximately 3 1/2 in.
Areca welght: 18,2 1T3/ft:2

REMARKS : Stud apacing not specified in reference.

(a) STC.= 41; Fire Rating: 45 min. (est,)
(b)— — s o — 8TC = 43; Pire Rating: 45 min. {(est.)
(o) —-a- —eem=STC = 48; Fire Rating: 45 min. (est,)
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TYPE: STEEL TRUSS STUD, GYPSUM LATH AND PLASTER

TEST REF: (a) 2-(424); (b) 2-(433, 434); (c) 2-(437)

DESCRIPTION: {a) 3 1/4-in. ateel truss studs 24 in. on centers attached to
metal £loor and celling tracks; on both aides 3/8-in. perforated gypsum lath
attached with wire clips wire-tied to studs, 1/2-in, sanded gypsum plaster.

T s

Tatal thickness: 5 in,
Area weight: 15.7 ll:ilffl:2

{(b) Similor to (a) except 2 1/2-in. steel truss studs 16 in, on
centers were used,
Total thickness: & 1/4 in.
Area weight; 14 1b/ft?

{c) Simflar to (b) except that 5/8-in. perlite gypsum plaster
was used,
Total thickness; & 1/2 in.
Area weight: 11,7 ib/ft?
{a) ———— BTC m 51  (h) =eewsmewem- - §TC = 47
REMARKS : The STIC values are based upon nine test frequencles, The
plotted curve, (b), represents the average of lahoratory tests of two

(€) = ——=— STC = 42

nomlnally identical structures.

n i v v T YT (a) Fire Rating: 1 hr.
- - (b) Fire Rating: 1 hr. !
s E {c¢) Fire Rating: 1 1/4 hra. (est.)
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TYPE: STEEL TRUSS STUD, GYPSUM LATH AND LIGHTWEIGHT PLASTER

TEST REF:  (a) 3-(438); (b} 4-(Fig. 13.41)
DESCRIPTION: (a) 2 1/2- by 1/2-in. ateel stude spaced 16 in. on centers.

Galvanized wire clipa, attached to studs on both sides, held 3/8-in. gypsum
lath, 7/16-in, gypsum vermiculite plaster and 1/16-in, white-coat finish.
{Laboratory meaaurements)

(b) Similar to (a) except gypsum perlite plaster was used and
the construction was tested in the field.
Total thickness: & 1/4 in.

Avea weight: 9 lblft:2
STC = 38; Fire Rating: 45 min. (est,)

(a)

{b) mammmmnenosaens +8TC = 37; Fire Rating: 45 min. (est.)

REMARKS ; The STC value of curve (s) is based upon nine test frequencies.
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TYPE: STEEL TRUSS STUD, DOUBLE LAYER GYPSUM BOARD

TEST REF:  3-(247)
DESCRIPTION: 3 1/4-in, steel truss astuda, 16 in. on centers, attached to top and

bottom by stud shoea, starter clips, and stud tracks; 3/8-in, pypsum wallboard
(backer board) clipped to studs with galvanized wire clips; edges of wallboard
held together by galvanized steel clips; 3/8-in. gypsum wallboard laminated to
the inner layer with joint cement.

Total thicknesa: & 3/4 in.

Area weight: 7.5 1b/fe?

STC = 48; Fire Rating: 1 hr, (est.)

TC LI % I LR el LI L) Tyl

lllllllll

60

lliillll'l

i
(=]

IETh YERAYS FYEYE PRETYY INOT

<

Ya

s e, e, o, oy, e, T, e, " T L P S, ", T N W " Wl "o .

-
[=]

AR SRR LR AR R EA Ry ARy
11 llll"lll Ill’ll

SOUND TRAHSHISSION LOSS (dB)

al Ll La.l

5UOI K 2K
FREQUENCY, Hz

Ll L.l

20

wliarrley

]
L4
n
o
o
=

W-46

————— oz




TR

sty et

RTINS R e

SR LTI

TYPE: STEEL TRUSS STUD, RESILIENT CLIPS QNE SIDE, GYPSUM LATH AND PLASTER

TEST REF:  7(a)-(TL 60-128)
DESCRIPTION: 3 1/4=-in. ateel truss studs 16 in. on centera, 3/Bin. gypsum

lath attached on one side with resilient clipa, and to the other side with
galvanized wire clips; 1/2-in, sanded gypsum plaster applied to both sides,
Total thickness: 5 1/2 in,

Area welght: 13 lblft2

STC = 43; Five Rating: 45 min. (est.)

REMARKS: fThe STC value is based upon nine test frequencies.
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TYPE: STEEL TRUSS STUD, PLASTERED GYPSUM LATH, RESILIENT CLIPS ONE SIDE
TEST REF: 9-(8~1090072b)

DESCRIPTION: 3 l/4-in, steel truss studs 16 in. on centers set into floor and
ceiling tracks, Tracks isolated at floor and ceiling with 1/Z-in,-thick
continuous resilient gaskets, Floor track attached 24 in. on centers to
conecrete slab. On one silde, 3/8-in, gypsun lath attached with reailient

clips 16 in. on centers, 1/2-in, sanded gypaum plaster with white-coat

finish applied to lath; on the other side, the gypsum lath was attached
2-in, mineral fiber blankets stapled between

The Ll/4-in. clearance around the perimeter

with galvanized wire clips,
studs on non-vreailient side,
closed with a non-setting resilient caulking compound,

Total thicknesa: 5 1/2 in.
Area weight: 12,3 1b/ft?

STC = 47; Fire Rating: 1 hr, {est.)

REMARKS: The above test was conducted in the fleld, One adjolning wall

was constructed of 1 5/8«in, metal channel studs, 1/2-im, gypaum lath and

finish coat of plaster; the other wall was 5/8-in, plaster on masenry.
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TYPE: STEEL TRUSS STUD, PLASTERED LATH WITH RESILIENT CLIPS

TEST REF: 7(a)~-(TL 61-9)
DESCRIPTION: 1 5/8-in. steel truss studs 16 in, on centers; on both sides 3

3/8-in. gypsum lath attached with resilient clips te studs, 1/2-in, sanded
gypsum plaster applied to lath.
Total thickness: 4 1/8 in,

Area welght: 13 lblft2 :

STC = 43; Fire Rating: 45 min. (est.) 5-:-;
d REMARKS:  The STC value is based upon nine teat frequencies, %
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TYPE: STEEL TRUSS STUD, PLASTERED GYPSUM LATH WITH RESILIENT CLIPS

TEST REF: 5~(Figs. 2,3,4)
DESCRIPTION: (a) 2 1/2-in. steel truss studs 16 in, on centers, 3/8-in.

gypsum lath attached with resilient clips to studs, 1/2-in. plaster applied
to both sides,

(b) Similar to (a) except measurements were conducted in the
field, The shaded area indicates the spread of the measurements of three
nominally identical structures, and the broken line indicates the average
of these measurements.

Total thickness; 5 l/4 in,
Area welght: approximately 13 lb/ft:2 (Not specified in reference)

8TC = 45; Fire Rating: 45 min, (est.)

(a)
(b séestidisicsstaiSTC = 44
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TYPE: STEEL TRUSS STUD, PLASTERED GYPSUM LATH WITH RESILIENT CLIPS

TEST REF:  (a) 9-(1090071a); (b) 9-(1090071b)
DESCRIPTION: (a) 2 1/2-in. steel truss studs 16 in. on centers set into floor
Tracks isolated at floor and ceiling with 1/4-in.-thick

Floor track attached 24 In. on centers to

and ceiling tracks.
continuous resilient gaskets,

concrete alab. 3/8-in, perforated gypsum lath attached 16 in. on centers to

both sides of studs with resilient clips; 1/2-in, sanded gypsum plaster with
The 3/16~in. clearance around perimeter

white-cont finish applied to lath,
One face of the wall

closed with a non-setting resilient caulking compound.
primed with a pigmented sealer and the other face with shellac,

(b) Similar to (a) except latex applied over pigmented sealer
and vinyl over shellac,
Total thickness: 5 in,
Area weight: 13.0 1b/ft2

(a) STC = 47; Fire Rating: 1 hr.
O R — STC = 48

REMARKS: The above tests were conducted in the field.
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TYPE: STEEL TRUSS STUDS, RESILIENT CLIPS, METAL LATH AND PLASTER

TEST REF: 2-(429)
DESCRIPTION: 3 1/4-1in. steel trusa studs 16 in. on centera; on each side

resilient clips fastened 16 in, on centers to studs, 1/4-in. metal rod wire-

tied to clips, diamond mesh metal lath wire-tied to metal rods, 3/4~in, sanded

gypsum plaster.
Total thickness: S in,

Area weight: 19.0 1!:/15::2
STC = 54; Fire Rating: 1 hr.

REMARKS : The STIC value is based upon nine test frequencies,

LARRN EREN]
s3va 0y

60

T
/

[
[ =]

-5
(=]

Illlllil’f lll'lllii] llll.liil

SOUND TRANSMISSION LSS (d8)

30

120 letas SETA TN YRR ANEE! itealegs

| 20 A ) LA L L Lt LA L

125 250 500 l 1K 2K
FREQUENCY, Hz ,

-
=

A s P ATttt e o 4 n e ke A T s

A o T et e

i




T e et b 7 A 0 AT AU+t

TR e i e A

TYPE: STEEl, TRUSS STUD, RESILIENT CLIPS, GYPSUM LATH AND PLASTER

TEST REF:  9-(8-1090072¢)
DESCRIPTION: 3 1/4-in. steel tyuss studs 8 in, on centera set into metal s
celling track with shoes wire-tied and metal "snap in" floor track attached !

24 in. on centers to concrete floor, Both tracks set on 1/2-in. resilient

On both sides 3/8~Ln, gypsum lath, caulked at ceiling and floor,

TR e N kg

gaskets,
attached 16 in. on centers to alternate studs with resilient clips; 1/2-in,

sanded gypeum plaster with finish coat. 2-in, mineral fiber blanket stapled

between studa to lath on one side, The entire periphery was caulked with a

non-setting resilient compound,
Total thickness: 5 3/4 in,
Area weight; 12,6 1b/ft?

STC = 48; Fire Rating: 1 hr. (est.}

REMARKS: This test was conducted in the field, One adjoining wall waa

conatructed with 1 5/8-in. mecal channel studs, 1/2-in, gypsum lath and

finish coat; the other wall was 5/8-in. plaster on masonry.
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TYPE: METAL CHMANNEL STUD, GYPSUM BOARD
TEST REF: (a) 7-(TL 64~132, 133, 134, 135); (b) 7-(TL 64-29)
DESCRIPTION: (a) 1 5/8-in. metal channel studs 24 in. on centers attached
to metal £loor and ceiling runners, 1/2~-in. gypsum wallboard screwed 12 in,
on centera to both aides of atuds. All joints taped and £inished.
Total thickness: 2 5/8 in.
Area welght: 4.6 lblfr:2

{(b) Similar te (a) except the gypaum wallboard was 5/8 in,
thick,
Total thickness: 2 7/8 in.
Area weight: 5.2 Ib/ft®
{a) STC = 39; Fire Rating: 1/2 hr, (est,)
(b)) semesravemnaaas 8TC = 38; Fire Rating: 1 hr.
REMARKS : The plotted curve, (a), showa the average value of four
laboratory measurements of the same structure under four different conditions
of relative humidity (28% - 92%) in the source room. The relative humidity
in the recaiving room held conatant at 55%.
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD
TEST REF:  (a) 7(b)-(TL 59-99); (b) 7-(TL 60-113)
DESCRIPTION: (a) 3 5/8-in. metal channel studs 24 in, on centers set into

3 5/8-in. metal floor and ceiling runners; 5/8-in, gypsum wallbeard screwed
to studs on both sides, All joints taped and f£inished,
Total thickness: 4 7/8 in.
Area welght: approximately 6 I.b/fr.2 (Not specified Iin reference)
{b) Similar to (a) except an additional layer of 5/8-in. pypsum
wallboard was laminated to both sldes of panel.
Total thickness; 6 1/8 in.
Aren weight: 11.4 1b/ft2

{(a)
(b) reeemmmimerens SIC = 47; Fire Rating: 2 hrs,

STC = 41; Fire Rating: 1 hr,

REMARKS : The gpacing of the screwd not apecified in reference,
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TYPE: METAL CHANNEL STUR, TWO LAYERS GYPSUM BOARD

TEST REF: 9-(7-1152002a)

DESCRIPTION: 3 5/8-in. metal chamnel studs 27 3/4 in. on centers set into

metal floor and ceiling tracks; stud at each adjoining wall and metsl runncrs

det on beads of non-setting resilient caulking compound.

Two layers of 1/2-in.

gypsum wallboard attached to both sides of studs; each layer screwed 12 in.

on centers with screws stapgered 6 in. in reference to each other.

pypsum hoard staggered 24 in. with all exposed joints taped and finlshed.

Joints of

The

1/4-1n. perimeter clearance around hoth layers closed with a non-setting

resilient caulking compound,
Total thickness: 5 5/8 in,

Area weight: 8.7 lblft2

STC = 47; Fire Rating: 1 1/4 hrs. (est.)

REMARKS : The above test was conducted in the field,
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TYPE:
TEST REF:
DESCRIPTION:

bottom and side channels isolated from concrete floor and ceiling with a

redilient caulking compound,

METAL CHANNEL STUD, FIBER BOARD, GYPSUM BOARD

9-(1057::1)
3 5/8-in. metal channel studs 12 in, on centers, Top,

1/2-in. mineral fiber board ascrewed 24 in.

on centers to alternate stude on both aides such that both faces were not

screwed to the same stud.

1/2-in. gypaum wallboard laminated and screwed

8 in, on centers along panel periphery and 12 in, on centers in field;

lamination strips offset from screws,

Total thickness:
Area welght: 6,2 lblft:2

5 5/8 in,

S5TC = 50; Pire Rating: 1 1/2 hre.

REMARKS :
ing paths as possible eliminated.

SOUND TRANSHISSION L0SS (dB)

(est.)

All exposed jointa taped and £inished,

The above test was conducted in the fileld with as many flank-
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TYPE: METAL CHANNEL STUD, FIBER BOARD, GYPSUM BOARD
TEST REF: (a) 9-(109006b); (h) 9—(109006b1)
DESCRIPTION: {a) 3 5/8-in. metal channel studs 24 in, on centers set into
floor and ceiling metal runmer tracks; stud at each adjoining wall and metal
Tunner tracks set on two beads of non-sctting resilient caulking compound,
1/2-in, mineral fiber board screwed 24 In, on centers to both sides of studs,
5/8-in, gypsum wallboard laminated to fiber board using joint compound,
spread so as to miss areas falling on studs; 1 5/8-in, secrews, 12 in, on
centers, set through both layers to studs during lamination. All exposed
Joints taped and finished, The 1/4-in. perimeter clearance around both
layers closed with a non-setting resilient caulking compound. The partition
wag tested 98 hours after erection,

(b) Same as (a) but tested 243 hours after ercction.
Total thickness: 5 7/8 in,

Area weight: 7.0 1b/£e?
(a) ==—————STC = 50; Fire Rating: 2 hrs. (est.)}

REMARKS : The above tests were conducted in the field,
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TYPE: METAL CHANNEL STUD, FIBER BOARD, GYPSUM BOARD
TEST REF: 9-(1057b,)
DESCRIPTION: 3 5/8-in. metal channel studs 24 in, on centers, Top, bottom

and side channels isolated from conecrete floor and ceiling with a resilient
caulking compound, 1/2-in. mineral fiber beard secrewed 24 in. on centers
to each side. On one side, 1/2-in, gypsum wallboard leminated and serewed
8 In. on centers along panel periphery and 12 in., on centers in field;
lamination. strips offset from screws. On other side, two layers of 1/2-1in,
gypsum wallboard, both attached in same manner as above, All exposed jointa
taped and £inished.

Total thickneas: 6 1/8 in.

Area welght: 8.2 lblft:2

§TC = 52; Fire Rating:r 1 1/2 hrs. (est.)

REMARKS:  Thae above test was conductsd in the field with as many £lanl-
ing paths as possible eliminated.
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATION

TEST REF: 7-(TL 63-127)
DESCRIPTION: 2 1/2-in, metal channel studs 24 in. on centers set in 2 1/2-in.

metal floor and celling runners; 1/2-in. vinyl-coated gypsum wallboard

adhesively attached and screwed to studs on both sides. All joints sealed

with caulking compound. Aluminum batten strips screwed 12 in. on centers to
gypsum board at joints; top and bottom finighed with aluminum ceiling and
bage trim. 2-in. mineral fiber blanketa hung between studa,

Total thickness: 3 1/2 in,

Area weight: 5.4 lb/Et2

STC = 50; Fire Rating: 1 hr.
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TYPE: METAL CHANNEL STUD, DOUBLE LAYER GYPSUM BOARD WITH INSULATION
TEST REF: 9-{1068r)
DESCRIPTION: 2 1/2-in. metal channel studs 24 in. on centers set into metal

floor and ceiling runners which were set on beads of non-setting resilient
caulking compound. fTwo layera of 1/2-in, gypaum wallboard attached to both
sides of studs, both layers screwed 12 in. on centers with screws of each
layer staggered 6 in. relative to each other, 3 1/2-in.-thick glass fibered
blanketn, 2 lb/fta, stapled between studs, The 1/4-in, clearance around the
perimeter closed with a non-setting resilient caulking compound.

Total thickness: 4 1/2 in,

Area weight: 8.3 lb/ft2

STC w 52; Fire Rating: 1 1/4 hr. (est.)
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TYPE: METAL, CHANNFEL STUD, GYPSUM BOARD WITH INSULATION
TEST REF: 9-(7-1131001sa}
DESCRIPTION: (a) 3 5/8-in. metal channel gtuds 24 in. on centers set into
floor and ceiling runners; astud at each adjoining wall and metal runners
et on beads of non-set:ting resilient ecaulking comppund, On both sides,
two layers of 5/8-in. gypsum wallboard; first layer screwed 12 in. on
centers midway between joints and 8 in, on centers slong joints, second
layer glued to base layer with mastic spread so as to omlt areas falling
on the studs, serews 24 in. on centers at joints only. 1 1/2-in. mineral
wool blankets, 3 1bjft3, astapled between studg. The 1/4-in. clearance
around the perimeter clesed with a non-setting resilient caulking compound.
All exposed joints taped and finished,

{b) Same am (a) except all possible flanking pathe were
eliminated, Therefore, the difference in sound transmission logs values

may be attributed to the presence of flanking pathe through the exterior

window wall,
Total thickness: 6 1/8 in,

Avea weight: 11,5 1b/ft2
Ca) STC = 45 {bYemmmmmmemaemneae 810 = 55; Fire Rating: 2 hrs,
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REMARKS: The above tests were
conducted in the field.
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TYPE: METAL CHANNEL STUD, DOUBLE LAYER GYPSUM BOARD WITH INSULATION
TEST REF: ' 9-(1090062)

DESCRIPTION: 3 5/8-in, metal channel atuds 24 in. on centers set into

3 5/8-in. metal runners which were attached through continuous beads of
nen-setting resilient caulking compound to floor and ceiling respectively,
Two layers of 5/8-in. gypsum wallboard attached to both aides of atuds;
first layer screwed 8 in, on centera at Joints and 12 in. on centers in
fleld, second layer laminated and mcrewed 24 in. on centers to firat layer
with jointe staggered 24 inches, 1 1/2-in,-thick mineral fiber felt,

3 1b/ft3, atapled between studs, All exposed jointa taped and finished,
The 1/4=in, clearance around the perimeter closed with a non-setting
retilient caulking compound,

Total thickneas: 6 1/8 in.

Area weight: 11,5 1b/ft2

STIC = 55; Fire Rating: 2 hrs, (est.)
REMARKS: The above test was conducted in the field,
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TYPE: METAL CHANNEL STUD, TWO LAYERS GYPSUM BOARD

TEST REF: 9-(7-1152008a, 1121b)
DESCRIPTION: 3 5/8-in. metal channel studes 24 in. on centers set into metal

floor and ceiling tracks; stud at each adjoining wall and metal runners sat on

beads of non-setting resilient caulking compound, Two layers of §/8-in,

gypsum wallboard attached to both sides of studs; each layer screwed 12 in. on
1 1/2~in,~thick

centers with screws staggered 6 in, relative to each other,
fibered glasa blankets stapled between studa. Joints of gypsum board
staggered 24 in, with all exposed joints taped and finished. The 1/4-in.
perimeter clearance around both layers closed with a non-setting resilient

caulking compound,
Total thicknesas; 6 1/8 in.
Area weight: 10.9-11,5 lb/ft2

SIC = 52; Fire Rating: 2 hrs. (est.)

REMARKS: The plotted curve represcents the average of field measurements

of two nominally identical structures,
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TYPE: METAL CHANMEL STUD, DOUBLE LAYER GYPSUM LATH WITH INSULATION
TEST REF: 9-(8-1090072a)

DESCRIPTION: 2 1/2~in. metal channel atuds 24 in. on centers set Iinto metal
floor and ceiling runnera which were attached 24 in. on centers. Runners
isolated at floor and ceiling with 1/2~in.-thick continucus resilient gaskets,
Two layers of 1/2-in., gypaum lath attached to both sides of studa; first layer
screwed 8 in, on centera at joints and 12 in. on centers in field, oecond
layer laminated and screwed 36 in, on centers at board edges and 48 in. on
centers In field with joints staggered 12 in. with resapect to first layer.
2-in,-thick mineral fiber blankets, 2.5 1b/ft3, stapled between studs, 1/16-in.
finish ceat of plaster applied to both sides of wall. The 1/4-in, clearance
around the perimeter closed with a non-setting resilient caulking compound.
Total thicknesa: 4 5/8 in,

Area welght: B8.9 lb/fe2

STC = 48; Fire Rating: 1 1/4 hrs. (est.)

REMARKS ¢ The above test was conducted in the field, One adjoining wall
wan condtructed with 1 5/8-in, metal channel studa, 1/2-in, gyppum lath and

finish coat of plaater; the other wall was 5/8-in. plaater on masonry,
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TYPE: METAIL, CHANNEL STUD, CORK, DOUBLE LAYER GYPSUM BOARD

TEST REF: 7-{TL 65~60)
DESCRIPTION: 2 1/2-in, metal channel atude 24 in. on centers #set in 2 1/2-in.

metal floor and celling runnera, 1/4- by l-in. cork atripe, 12 lblfha,
laminated vertically to atudas; 5/8-in. gypsum wallboard screwed 12 in. on
centers through cork to studa on both sides, On one side, 1/4-in. cork,
12 1b/£t3, laminated. to gypsum wallboard, and a second layer of 5/8-in.
gypsum wallboard laminated to cork., On the other aide, a second layer of
5/8-in. gypsum wallboard lamfinated to the first layer, 1 1/2-in. glasa
fibered blanketa installed between studa, All exposed jointa taped and
finished.

Total thicknessa: 5 3/4 in,

Area weight: 10.6 1h/i:'t2

STC = 53; Fire Rating: 1 1/2 hrs, (est,)
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TYPE: METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATION, RESILIENT

! TEST REF: 7~ (TL 62-212)
i DESCRIPTION: 3 5/8-in. metal channel studs 24 in. on centers #et in 3 5/8-1in,

f metal floor and ceiling rumners; 5/8-in. gypsum wallboard acrewed to studs
on both sides, On one aide, resilient channels screwed horizontally 24 in.
on centers to inner layer; 5/8-in, gypsum wallboard screwed to channels.
On the other aide, 5/8-in., gypsum wallboard laminated directly ta innet

layer, 3-in. mineral fiber blankets hung between atuda. All exposed joints

taped and finished,
Total thicknesa: 6 1/2 in.

Arvea welght: 11.3 lb,ffr.2

STC = S51; Flre Rating: 2 hrs. (est,)
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TYPE: STAGGERED METAL CHANNEL STUD, GYPSUM BOARD WITH INSULATYON
TEST REF: (a) 7-(TL 64=-1); (b) 7-(TL 64-3)

DESCRIPTION: (a) Two rows of 2 1/2-in. etaggered metal channel studs 24 im,
on centers attached to 2 1/2~in, metal floor and celling runners separated
by 1/2-in. gypsum wallboard screwed 12 in. on centers to both sets of studs;
1/2-in, gypoum wallboard acrewed & in. on centers at board joints and
adhesively attached to intermediate atuds on both sldes of wall, 2~in.
mineral fiber felt hung between atuds on both sides, All expoped joints

taped and finfohed.
Total thicknesa: approximately 7 in,

Area welght: 7.2 1b/ft2
(b) Similar to (a) except the wall was painted.

Total thickness: approximately 7 in.
Area weight: 7.4 1b/£c2

(a)
(h) =ere=csscecen STC = 52

STC = 54; Fire Rating: 1 1/4 hrs, (est.)
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TYPE: STAGGERED METAL BOX STUD, DOUBLE LAYER GYPSUM LATH

TEST REF:  9-(g8-1090072g)

DESCRIPTION: Two rows of 1 5/8-in. metal box atuds 24 in. on centers,
ataggered 10 in. on centers relative to opposite side, set into metal
ceiling runners separated by 1/8 in. and on a wooden floor plate, 1/2-in.
gypaum lath attached to both sides of wall with screws, 3 on each vertical
edge and 2 at 1/3 points of intermediante studs, face layer of 1/2-in,
gypaum lath screwed 12 in, on centers to firat layer on both aldes with
joints staggered 24 in,, 1/16-in. finish coat of plaster applied to both
sldes.

Total thickness; 5 1/2 in,

Area weight; 9,7 1b/ft?

STC = 37; Fire Rating: 1 1/4 hrs. (est.)

REMARKS ¢ The above test was conducted in the field, One adjoining wall
wags constructed with 1 5/8-in, metal channel studs, 1/2-in. gypaum lath and
finish coat of plaster; the other wall was plastered masonry.
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TYPE: METAY, CHANNELS, GYPSUM LATH AND PLASTER
TEST REF: (a) 2-(427); (b) 2-(426)
DESCRIPTION: (a) One 3/4-in. cold-rolled steel channel met vertically in
center of panel (correaponds toc approximately 33 in. on centera); horizental
‘ 3/4-in. channels 26 in. on centers wire-tied on each side of vertical
ﬁ channel, with channels on oppesite aides displaced about 6 in. relative to
each other and attached at ends to short lengths of ceiling runneras, All
l channels placed with 3/4-in. dimension parsllel to panel 8o as te bridge a
1 1/2+in, airspace. On each side, 1/2-in. gypsum lath wire-tied to channels
and set into groove of wood floor vurner; 3/4-in, sanded gypsum plaster
applied to lath.
Total thickness: 4 in,

Area weight: 17.4 lh/ft:2
(b} Similar to (a) except the center channel was 1 1/2 in., with

horizontal 1 1/2-in. channels 28 1/4 in, on centers wire-tied between vertical
chanpel and edges of panel, thus bridging a 1 1/2-in. afirspace,
Total thickness: & in.

Area weight: 17.3 1b/ft®
i {a) STC w 46 (b} sexmsmumrimsees- STC m 433 Fire Rating: 1 hr. (est,)

et v i 7T 1 REMARKS: The STC values are based

upon nine test frequenciles.
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TYPE: STAGGERED METAL CHANNEL STUD, GYPSIM LATH AND PLASTER

TEST REF:  2-(435)
DESCRIPTION: Staggered 3/4-in. cold-rolled steel channels, spaced 16 in. on

centers, staggered 1/2 in, and offset 1/4 in, relative to opposite face.
Channels held at top by punched-out metal runner and at bottom, set into
holes in a 1/4-in.-thick cork strip on top of another comtinuous layer of
1/4-in, cork. On each side, 3/8~in. gypaum lath held to atuds with wire

clips and from atuds of oppoaite side by 3/8~in,-thick sponge-rubber dots;
1/2-in. perlite gypaum planter applied to lath,

Total thickness: 2 3/4 in.
Aresa welpht: B.6 lblfr:2

STC = 42; Fire Rating: Not available

REMARKS: The STC value is based upon nine test frequencies,
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TYPE: METAL CHANNELS, GYPSUM LATH AND PLASTER

TEST REF: 3-(440)
DESCRIPTION: Five layers of 3/4-in. cold-rolled steel channel, wire-tied

together, formed core of panel. The center layex conailsted of two pleces
of channel 2 in. long placed vertically 40 in, apart and wire-tied hetween
two hovizontal lengthe of channel. Vertical chaunels 16 in., on centers
were wire~tied to the horizontal chapnela; 3/8-in, plain gyptum lath,

16 in. wide, was wire-tied to vertical channels, with lath joints held by
sheet metal clips; 1/2-in, sanded gypAum plaster with white-coat f£inish
applied to both sides.

Total thickness; 5 1/2 in,

Area weight: 13.5 1bl£t2

STC = 48; Firve Rating: 45 min. (est.)
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TYPE: DOUBLE WALL, SOLID PLASTER LEAVES
TEST REF: (o) 2-(160H); (b} 4-(Fig. 13,43)
DESCRIPTION: (a) Double wall on concrete with a face-to-face separation of 4 1/2 in.
each leaf consisted of 3/4-in. metal channels 12 in. on centers stiffened by a
1-in. horizontal metal charmel about halfway up the panel; expanded metal :
lath and 3/4-in., sanded gypsum plaater on both sides of wall, .
Total thickness: 4 1/2 in,
Area weight: 17.2 1b/ft?

(b) Similar to (&) except the measurements were conducted in the
fleld and the plaster was 5/8 in. thick.
Total thickness: 4 1/2 in,
Area welght: approximately 15 1b/ft2 (Not specified in reference)

(a) —————m=mu §TC = 47; Fire Rating: 1 hr, (est.}

(b) ~emesmsnmncane: STC = 38

REMARKS : The STC value of (a) is based upon ninme test frequencies,
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TYPE: SOLID SANDED GYPSUM PLASTER
TEST REF:  (a) 2-(527, 503); (b) 2~(526)
DESCRIPTION: (s) Diamond mesh metal lath with sanded gypsum plaster on

both aides,
Total thicknesa: 2 in,
Aren weight: 18,1-18.4 1b/£t?
(b) Similar to (a) except gypsum perlite plaster was used.
Total thickness: 2 in.
Area weight: 8.8 ll:nlfr:2
(py =—————5TC = 36; Fire Rating: 1 hr,
(b) =es=snmesscesse STC m 31; Pire Rating: 1 1/4 hra. (est.)
REMARKS : The plotted curve (a) represaents the average value of measurementa
of two nominally identical atructures. The STC values sre based upon nine

test frequencies,
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TYPE: SOLID GYPSUM PLASTER WITH METAL CHANNELS

TEST REF:  (a) 2-(523); (b) 2-(501)
DESCRIPTION: (a) 3/4~in. metal channels 16 in. on centers; diamond mesh

expanded metal lath on one aide, sended gypsum plaster on both asides,
Total thickneas: 2 in,

Area weight: 17,9 1b/fc

(b) Similar to (a) except gypsum vermiculite plaster was used,

Total thicknean; 2 in,

Area weight: 8.8 lblﬂ:2

S8TC = 37; Fire Rating: 1 hr,

(a)
(b)) remesaceseneacan STC = 29; Fire Rating: 1 1/4 hra. (est.)

REMARKS : The STC values are based upon nine test frequencieas.
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TYPE:

TEST REF:

metal lath on one side, sanded gypsum plaster on both sides,

SOLID SANDED GYPSUM PLASTER WITH METAL CHANNELS
(a) 2-(171A, 171B, 171C, 502); (b) 2-(518)
DESCRIPTION: (a) 3/4-in, metal channel studs 12 in. on centers, diamond mesh

Total thickneas:

2 in.

Area welght: 16.4-18,8 1b/ft?

(b) Similar to (a) except studa were 1l in, on centers.

Tatal thicknesa:

2 in,

Area weight: 18.7 1b/ft>

(a)

STC = 36; Fire Rating:

(b) sessserresreves STC m 36; Fire Rating:

REMARKS :

value of measurements of four nominally identical walls,

For atructure (o) the plotted curve reprements the average

based upon nine teat frequencies.
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TYPE: SOLID SANDED GYPSUM PLASTER WITH METAL CHANNELS
TEST REF:  (a) 2+(172); (b) 4-(Fig. 13.35)
DESCRIPTION: (a) 3/4-in. metal channel studs 12 in. on centers, expanded

metal lath on one alde, sanded gypsum plaster on both sides,
Total thicknesa: 2 1/2 in,

Area welght: 22.4 1b/ft2

(b) Similar to (a) except the measurements were conducted in

AR € o 72 I P Ty o e v s AT TS e .

the field,

Total thickness: 2 1/2 in,

Area weight: approximately 22 lI:n/Et:2 (Not specified in reference)

(a) —————35TC = 39; Fire Rating: 1 hr,

() =eeesmemsensns: STC = 32

REMARKS : The STC value of {a) 1s based upon nine test frequencies,
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TYPE: SOLID LIGHTWEIGHT AGGREGATE PLASTER WITH METAL CHANNELS

TEST REF:  (a) 2-(519); (b) 4-(Fig. 13.34)
DESCRIPTION: (a) 3/4-in. metal channel studs 11 in. on centers, diamond mesh

metal lath on one side, gypsum perlite plaster on hoth sidea,

Total thickness: 2 in.
Area welght: 9,6 11:/'51:2
(b) Similar to (a) except the measurements were conducted in
the field,
Total thickness: 2 in,
Area welght; approximately 10 lblfl:2 (Not specified in reference)
{a) ~~——————5TC = 31; Fire Rating: 1 1/4 hrs. (est.)

1) R STC = 29
REMARKS : The §TC value of (a) is based upon nine test frequencies.
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TYPE: GYPSUM LATH AND PLASTER
TEST REF:  (a) 2-(504, 510); (b) 2-(506, 311)
DESCRIPTION: (&) 3/8-in. gypsum lath, 13/16-in. sanded gypsum plaster

applied to each side of lath.

P TID Wit ey o b g 2

Total thickness:; 2 in.

O

Area welght: approximately 16,5 lblfl:2

(b) Similar to (a) except plaster was 1 1/16 in. thick,

Total thickness: 2 1/2 in.
Aren welght: approximately 20,0 ll:uf.f.’t;2

(a) —~—————— STC = 34; Fire rating: 1 hr.

L AT S T TS T T D

(b) sesmmmemmmneas STC = 38; Fire rating: 1 1/4 hrs. (est.)

!'j REMARKS @ The plotted curves represent the average of laboratory
]
,‘g measurementa of two nominally identical atructures, The STC values are
g
g based upon nine test frequencies,
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TYPE: SOLID GYPSUM CORE MOVABLE PARTITION

TEST REF:  7-(TL 64-213)
DESCRIPTION: 24-in.-wide panels constructed of 1- by 24~in. gypsum core

board effget 1 1/2 in. at edges to form tongue and groove edge; 5/8-in.
vinyl-faced gypsum wallboard laminated te both aides of core board. Panels
inserted into two plece metal fleoor and celling tracks. Gypsum to gypsum
ascrewa at 1/4 and 1/2 points along vertical edges of face boards.

Total thicknesa: 2 1/4 in,

Area weight: 10,2 1b/ft2

STC = 36; Fire Rating: 1 hr.
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TYPE: S0LID GYPSUM CORE PARTITION WITH LEAD
TEST REF: (a) 15-(Fig. 7); (b) 15-(Fig, 7)
DESCRIPTION: (&) 1-in., gypsum core board with 5/B-in, gypsum wallboard

laminated to each side.
Total thickness: 2 1/4 in.
Area weight: approximately 10 llz'lft:2 (Not specified in reference)

(b) Similar to {(#) except on one side 1/2-in, gypsum wallboard
with 1/8-in, lead, approximate area weight 7 lbffl:z, replaced the 5/8-in.
gypsum board.

Total thickness: 2 1/4& in,
Area weight: approximately 17 lblfl:2 (Not specified in reference)
(a) ————=5TC = 38; Fire Rating: 1 hr.

{h)+ === =~ STC = 44; Fire Rating: 45 min. (est.)
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TYPE: HOLLOW-CORE MOVABLE GYPSUM PARTITION

TEST REF: (&) 7-(TL 64-186); (b) 7-(IL 64=212)
DESCRIPTION: (a) 24-in,-wide panels constructed of 5/8-in, gypsum core board

strips, 7 1/2 in. and 4 3/8 in, wide, offset 1 1/2 in, at edges to form tongue
and groove; 5/8-in., vinyl«faced, gypsum wallboard laminated to both sides of

core board atrips. Panels inserted into two piece metal floor and celling

tracks. Gypsum to gypsum screws at 1/4 polnta along vertical edges of face
boards,
Total thicknesms: 1 7/8 in.
Area weight: 7.7 11:|4M:'l:2
(b} Similar to {a) except the core hoard strips were 1 in. thick,

Total thickness: 2 1/4 in,

Area weight: 8.3 1b/ft”

(a) STC = 33; Fire Rationg: 1 hr. (est.)
{b) saemmennnnncones STC = 37; Fire Rating: 1 hr,
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TYPE: GYPSIM RIBS, DOUBLE LAYER GYPSUM DOARD

TEST REF:  7-(TL 63-15) ‘
DESCRIPTION: 1- by 6-in. gypsum ribe vertically laminated 24 in. on centers

te 5/8-in, gypsum wallboard such that board joints are covered, with bottom
and top of ribs 6 in, from floor and ceiling., Ribs screwed 24 in. on centers
at each board joint, Gypsum wallboard acrewed 24 in, on centers, with ribs
facing inside and staggered 12 in., to outside faces of 1 5/B-in. metal

runners at floor and ceiling, Second layer of 5/8-in. gypsum wallboard

T e byt Tl ok b s e ey e sr it et €11

laminated to both sides with joints staggered. All exposed jolnts taped
and finished.

Total thickness; 4 1/8 in,

Area weight: 13.9 1b/ft2

STC = 51; Fire Rating: 2 hrs,
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TYPE: DOUBLE PANEL: CORE BOARD, GYPSUM BOARD

TEST REF: 7-(TL 64-60)
DESCRIPTION: 1-in. tongue-and-groove gypaum core board attached to both

sides of 2 1/2-in, metal channel runners at fleor and celling, 1/2-ia,
gypsum wallboard laminated to each core board. 2-in. mineral wool batts
glued to inside surface of core hoard. All exposed joints taped and
finished.

Total thickness: 5 5/8 in,

Ares weighe: 14.3 1b/£t?

8TC = 45; Fire Rating: 2 hra, (est.)
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TYPE: DOUBLE WALL: HOLLOW-CORE MOVABLE GYPSUM PARTITION
TEST REF: (2) 7-(TL 64-189); (b) 7-(TL 65-72)
DESCRIPTION: (a) Double wall with 1 3/8-in. airspace.
of 24-in.-wide panels of 5/8-in. gypsum core beard strips, 7 1/2 in. and

4 3/8 in. wide, offset 1 1/2 in, at edges to form tongue and groove.
5/8-in,, vinyl-faced, gypsum wallboard laminated to both sides of core board
Panels screwed 12 in. on centers te 1 1/4- by 1l-in. angle floor and

Each leaf consisted

strips.
ceiling runners.
Total thickness: 5 1/8 in,

Area welght: 14.6 1b/fe2
(b) Similar to (a} except the space between leaves was 2 1/8 in.

and contained 2-in, mineral fiber blankets stapled to one leaf. 1/4-in,
perimeter clearance closed with a non-setting resilient caulking compound.
Vertical face layer joints sealed with joint compound.

Total thickness; 6 1in.

Area welght; 12.8 1h/£t?

(a) =——————— STC = 45; Fire Rating: 3 hra. (est.)

(h) resrmsmcnns e §TC0 = 50
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TYPE: GYPSUM BOARD WITH INSULATION
TEST REF: 5-(8-10900724)

DESCRIPTION: A pair of 1- by 1 1/2-in, 22 gage steel angle runners, with

a 3-in. separation, screwed 24 ip. on centers through a 1/2-in. isolating
resilient gasket to the ceiling and the floor. 1- by 24-in. tongue-and-
groove gypsum core board units applied vertically, and gerewed 23 in. on
centers to the angles with joints staggered 12 in, on opposite sides,

1 1/2-in. mineral fiber blankets stapled to one inside surface of core
beards, 1/2- by 48-in. gypsum lath laminated to core boards with joints
offaet 3 inches; laminating compound beads 1/2-in.-thick, 5/16-in.-wide,
spaced 4 1/2 in., on centers, 1 1/2-in. screws through lath and core board
36 in. on centers along edges and 48 in., on centers in field. 1/16-in.
plaster finish coat applied to both sides. The l/4 and 1/8-in, clearancea
around the perimeter closed with a non-setting resilient caulking compound.
Total thickness: 6 1/8 in.

Area weight: 12.8 1b/ft?

STC = 54: Fire Rating: 2 hrs, (est.)

REMARKS: The above test was conducted in the field, One adjoining wall
wasT:onatructed with 1 5/8~in., metal studs, 1/2-in. gypsum lath and f£inish

- T Ty TV T T TV "¥1 4 coat of plaster; the other wal,
; 3 was plastered masonry.
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TYPE: GYPSUM BOARD PANELS WITH INSULATION ' i

TEST REF:  9-(105006¢) :
DESCRIPTION: A pair of 3/4- by l-in, steel angle rummers, with a 3-in, i

separation, set on continuous beade of non-setting resilient caulking
compound at floor and celling., 1- by 24-in, gypsum core board units applied ?
vertically, and serewed 12 in. on centers to the angles with joints staggered ﬁ
12 in. on opposite sides, 1 1/2-in,-thick mineral fiber blankets atapled to p
one inside surface of core boards, 1/2-in, by 48-in. gypsum wallboard 2
lamineted to core board with joints of opposite faces staggered, The 1/4-in. ﬁ

clearances around the perimeter closed with a non-setting resilient caulking

compound, :
Total thickness; 6 in.
Area weight: 12,5 1b/ft2

STC = 56; Fire Rating: 2 hrs. {est.) :
REMARKS: The above test was conducted in the field.
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TYPE: REINFORGED CONCRETE SLAB
TEST REF: (a) 3-(808); (b) 14; (c) 3~(BOBAY; (d) 14
DESCRIPT'ION: (a) 4~In.~thick reinforced concrete glab, isclated from support
structure, Concrete was reinforced with 6= by 6=in, number 6 AWG reinforcing
mesh placed at the centerline herizontal plane of the slab. All surface
cavities were gealed with a thin mortar mix.

{b) Field measurements of a nominally identical atructure, as
in (&), supported by masonry walls.
Total thickness: 4 in,
Avea weight: 53 1b/ft>

(¢) Same as {(a) except 1/8-in,-thick vinyl tile was adhered to
concrete,

(d) Same as (b) except 1/8-in.-thick vinyl tile was adhered to
concrete.
Totsl thickpeas: 4§ 1/8 in,

Area weight: 54 1b/it>

)

(a) STC = 44; TIC = 25; Fire Rating: 1 hr, (eat,)
[ T — IIC = 25
(¢} =———- IIC = 29
(d) sormmmre—s - IIC = 28
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TYPE: REINFORCED CONCRETE WITH FLOOR COVERINGS
TEST REF: I¢a) 3-(808D); I(b) 3-{808C); II(a) 3-(808B); IL(b) 14
DESCRIPTION: 1I(a) 4-~in.-thick reinforced concrete slab with carpeting
and pad. The carpeting was of 1l/4-in, wool loop pille with 1/8-in., woven jute
backing, 0.45 lb/ftz; the foam rubber pad was 1/4 in. thick and weighed 0,53
lblftz.

I{b) Same as I(a) except the carpet and pad were placed on
1/2-in.-thick oak blocks, 1.8 lblftz, adhered to cencrete.

II{a) Same as I{b) without carpet and pad.

II(b) Field measurements of a nominally identical structure,

a8 in II(a), supported by masonry walls,

"-""-D"d}?, , Q;Q-;g & Q 000 O“,oo e Oé‘ot}éioo'?np}
D050 O oS AT 040G GO B, To g eyl
LG SN AR Ko P Gl
I(a) I(b) II(a) & II(b)
I(a) —————— e’ TIC = 80 II(a) 1IC = 45
P 30D R — - 1IC = 84 LI (D) ssemremsrsnanan TIC @ 45
REMARKS : See preceding report., Fire rating and STC are commensurate with

those given in F-1




aul.——_———- -.nu——u.— —ﬁ-"nﬁqu- n—n-—l—l-lq —-_—_——ﬂ4 H v ——.-—-———- -m———hiﬂ—n\-wndu— --_———I “
—_:: E
-
B ] R
s ]
. . - 4
= R x®
[ #
--.\1 o~
p ‘\ - > -«
- ~ e ~
-~ -
: ".. x x < = =x
« 4 4 > L /e 4 >
b ~ d G b ; 4 &
o " 3 = - H b =
. wt 3 t
- L= ]
_ o aenn o 2 ' S 2
o~ n O H =
» Py i w
L X 4 | i
o by b bra p i < b
- ] ] - p
1] i
4 2 il 2
o o - ol
- Se. N = - -
s 4 b * b
..T. .’ - L . n
-] .
e w . @
¢ o . &
ITEARRTRI ENENINNTTL /43T SN IR FOT A AT tagaleggs mnn Ean I I e ey srarlrgay
=) [=) e} o o o ) w1 w )
@ v < = b = ~ @ 8 - = o

MI/INAD 700070 :3¥ M3/IMAD 7000°D 7Y

-180) T3AT 14ASSIH4 OHAOS EIVdKI

]
H H

.(8P) 12431 34ASSI4E THOS 13V4MI

*1/3j-~octave band data normalized to A, = 10m?



]

ST T BT D et e oA D MR S 5T

AT A T el

g
Sl

TYPE: REINFORCED CONCRETE SLAB, WOOD BLOCKS WITH UNDERLAYMENTS
TEST REPF: 3-(809, BOSA-H)
DESCRIPTION: 1(a) 4-in. reinforced concretc alab with 1/2- by 9~ by 9-~in.
oak blocks, 1.8 1b/fr.2, set in mastic.

I{b) 1/4~in, polystyrene closr :ell foam, approximate density
2 1b/£t3, between kraft liner board facings.

t(c) 1/8-in. polystyrene closcu-cell foam, approximate density
4.5 lb/fta, between liner board facings.

I(d) 1l/4-in., vigld polyurethane :pproximate density 2.5 1b/ft3,
between liner board facings.

I{e) 1/4-in, semi-rigid polyurethene foam, approximate density
2.2 lblfts, without liner board facings.

II{a) L/2-in. wood fiber board, approximate density 21 1b/ft3.

II(b) 1/8-in. molded corrugated pulp material of sulfate fibera,
approximate area weight 0.05 lblfr.?'.

II{c) 1/4-in. cork, approximate density 24 /e,

II(d) 1/8-in, cork.

I(a) cme—T10 = 4] II(a)~=————1IC = 45

I(b) ....... —— TIC = 4B II(b) runanssarsrasasa TIC = 48
I¢c) —— — — - IIC = 43 II{c) =~ = —— IIC = 43

I(d) =-=—vameams TIC = 45 IT(d) = +mrmr-1IC = 42

I(e) TIC = 52

REMARKS : See preceding reports, Fire rating and STC are commensurate

with those given in F-1.
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TYPE: REINFORCED CONCRETE SLAB

TEST REF: 1-(85)

DESCRIPTION: 5-in,-thick reinforced conerete, On the floor side, linoleum
on bitumen-felt underlayment. On the celling side, 1/2-in.-thick papered
fiber board. '

Total thickness: 6 in.

Area weight: 64 1b/Et>

STC = 51; IIC = 47; Fire Rating: 2 hra. (est.)

REMARKS: These meagurements were conducted in the field,

F-4
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TYPE; REINFORCED CONCRETE SLAB
TEST REF: (a) 1-(57); (b) 1-(58); (c) 1-(59)
DESCRIPTION: (a) 6-in,-thick reinforced concrete slab. On the floor side,
5/8-in,~thick mastic asphalt, On the ceiling side, approximately 3/4-in,
layer of plaster,

(b) Similar to (a), except for a thin layer of asphalt-felt
paper between the concrete slab and the mastic asphalt.

(c) Similar to (a), except for a thin layer of cork between
the concrete slab and the mastic asphalt.
Total thickness: approximately 7 1/2 in.

Area weight: 85 1b/£cd

(8) m————me— STC = 47; IIC = 31; Fire Rating: 3 hrs. (est.,)
(b) <oesecmsnasunm: STC = 49; IIC » 26

(c)~————38TC = 47; LIC = 46

REMARKS : These measurements were conducted in the field,
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TYPE: REINFORCED CONCRETE SLAB

TEST REF: 1-(82-1; §3-1, 2; 841, 2)

DESCRIPTION: 6-in, reinforced concrete slaby’ on the floor side, 7/8~in,~
thick sand-cement screed and 5/8~in.-thick composition flooring; on the
celling side, 1/2~in. plaster.

Total thickneas: 8 in.

Ares weight: 95 1b/ft2

T W 0, U W W L W WL WL, M
N I R T R T AR AN B T )

STC = 54; TIC = 35; Fire Rating: 3 hrs, (est.)

REMARKS: The plotted curve 1a the average of field meagurements of
Ffive nominally identical structures, The shaded area indicates the spread

of the measurementa.
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TYPE: REINFORCED CONCRETE SLAB
TEST REF: (a) 11(b)-(Fig. 37a, 37d); (b) 11(b)-(Fig. 36£); 17-(3a)
DESCRIPTION: (a) 4 3/8-in.~thick reinforced concrete slab, On the floor
aidt':, 3/4~in.~thick sand-cement screed with 1/8-in. lincleum floor covering,
On the ceiling side, 3/8-in, layer of plaster.

(b) Similar to (a) except the floor was covered with coc)
mat carpeting.
Total thickness: approximately 5 1/2 in.

Arvea welght: approximately 61 lblffz2

(a) §TC = 51; IIC = 48; Fire Rating: 2 hrs. (est.)
(b) +remmmenmaneane. STC = 51; IIC = 58
REMARKS : The airborne STL measurements ware made without floor coverings;

however, these provide little additional airborne sound Insulation and the
data are applicable to the above structures. The pletted curve for the
airborne sound insulation represents the average of £ield 1 ias.vements of
six nominally identical structures. The shaded area indicates the spread of

the measurements,
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TYPE: CONCRETE SLAB

TEST REF: (a) 8-(308-1-65); (b) B-(308-2-65)

DESCRIPTION: (a) 5-in.-thick concrete slsb., On the floor side, l/4-in.-
thick medium density cork, 11-12 1b/ft:3, adhered to concrete, 5/8-in,-thick
plywood subfloor glued to cork, 5/16-in.~thick wood oak flooring adhered to
aubfloor, No ceilling finiah.

Total thickness: 6 1/4 In,

Area weight: approximately 70 11:'/1'.":2 (Not specified in reference,)

(b) Similar to (a) except the denaity of the cork was 8.5

/£e.
S G L
(a) STC = 4B-50 (est.); IIC = 47; Fire Rating: 2 hrs. (est,) -
combustible
(b) =menmasnsecncen S51C = 48~50 (est.); IIC = 49
REMARKS: Airborne STL measurements of this structure are not

avallable; therefore, the STC has been estimated from measurements of

similar conatructions.

F-8
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TYFE: REINFORCED CONCRETE SLAB

TEST REF: 11(a)-(IV-C-27)

DESCRIPTION: 4 3/8-in.-thick reinforced concrete slab. On the floor side,
1/2-1in, -thick layer of bitumen with 1/2-in.-thick soft wood fiber board which
was covered with a thin layer of bitumen with sand and a 3/4~in.-thick sand-
cement screed, On the celling side, 3/8-in. layer of plaster.

Total thickness: 6 5/8 in.

Area weight: approximately 65 lblft:2

STIC = 49; IIC = 48; Fire Rating: 2 hrs. (est.)

REMARKS : The plotted curves represent the average of field measurements
of four nominally ldentical structures. The shaded areas indicate the spreada

of the measurements,
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TYPE: REINFORCED CONCRETE SLAB, FLOATING FLOOR

TEST REF: 1-(s827-1,2,4; 529-1,4; s530-2,3,4; $31, S32, 533-1,2,3; §34)
DESCRIPTION: 5-in,-thick reinforced concrete. On the floor side, 1 1/2-in.~
thick wire mesh reinforced sand-cement screed floating on 1/2-in,-thick
bitumen-bonded glaga-wool quilt covered with building paper. On the screed,
1/2-in.~thick pitch-mastic with a linocleum floor covering, On the ceiling
aside, 1/2-1n, layer of plaster.

Total thickness: 8 1/4 in.

Area weight: 90 1b/ft?

STC = 51; IIC = 53; Fire Rating: 2 1/2 hrs. (est.)

REMARKS: The plotted STL curve represents the average of field
4
measurements of 21 nominally identical structures, and the plotted ISPL curve

is the average of 17 structures. The shaded areas indicate the spreads of the

measurements,
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: TYPE: CONCRETE WITH STEEL "I" BEAMS

TEST REF: 1-(511-3, 4; S12; 513-2, 3, 4; Sl4-1, 2, 3; S15; S16-1, 3; i
S17; S18-4; $19-1, 3; §21-1, 3; S22-2) '

DESCRIPTION: 4 1/2-in,-thick concrete and filler-jolst structural floor. Y

B The filler-joiats were 3- by 4-in, steel "I" beams spaced 30 in. on centers.

On the floor side, l-in,-thick clinker conerete to which 7/8-in.-thieck wood

flooring was nailed 15 in, on centers; linoleum cemented to wood f£looring.
On the ceiling side, 1/2-in. layer of plaster, :a-;
Total thicknesn: 7 in. i

Area weight; 70 lblft2

TIRLTID BT s g ST e RS

srwemen

GETIEI R

Rl

T

STC = 46; IIC = 473 Fire Rating: 4 hra. (est.)

EEI N G

REMARKS: The plotted curves represent the average of field measurementa

ety

A e
iy

of 26 nominally identical structures. The shaded areas indicate the spread of i

the meaturements. :
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TYPE: REINFORCED CONCRETE, SUSPENDED CEILING

TEST REF: 11{a)~(IV~B-22)

DESCRIPTION: 4 3/8~in,-thick veinforced conerete slab. On the fleor side,
3/4-in.~thick sand~-cement screed, On the ceiling side, brick wire mesh,
suspended 4 in. with wire hangers, held 7/8-in. gypsum plaster,

Total thickness: 10 in.
Area weight: approximately 62 lb/ft:2 (Not specified in reference.)

8TC = 48; IIC = 47; Fire Rating: 3 hrs. (est,)

REMARKS: The plotted curves represent the average of field measurements

of four nominally identical structures, The shaded areas indicate the spreads

of the measurements,
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TYPE: REINFORCED CONCRETE SLAB, FLOATING FLOOR
TEST REF: (a) 1-(S166); (b} 1-(8167)
DESCRIPTION: (a) 5 1/2-in.-thick reinforced concrete slab. On the floor
side, 3/4-1in,-thick tongue-and-groove wood flooring nailed to 1 1/2- by 2-in,
wooden battens which were held in asbestos-lined metal clips anchored to
concrete slab. On the ceiling side, 1/2-in. layer of plaster.

(b) Similar to (a) except wooden hattens were nailed to 1/2-
by 4- by 6-in. cork pada set in mastic on the concrete slab,
Total thicknesa: 9 1/4 in,

Area weight: 75 lblftz

S '\.}\.\\ B AT T T Y

(a) =——————35TC = 54; TIC = 51; Fire Rating: 3 hrs. (est,)
(b)e=sesrvesavanss §TC = 53; IIC = 53

REMARKS : These messurements were conducted in the field,
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TYPE: REINFORCED CONCRETE SLAB, FLOATING FLOOR

TEST REF: 1-(853)

DESCRIPTION: g-in.~thick reinforced concrete slab. On the floor side,
3/4=in.-thick tongue-and-groove wood flooring nailed to 1 1/2- by 2-in. wooden
battens, 16 in, on centers, floating on l-in.-thick glass-wool quilt. On the
celling side, 1/2-in, layer of plaater,

Total thickness: 9 1/2 in,

Area weight: B3 lbl‘ft:2

STC = 55; IIC = 57; Fire Rating: 3 hrs, {est.)

REMARKS: The plotted curves represent the average of field measurements

of two nominally identical structures.

ToTaLELD

S b e e V3% e Ty




a-.__——,-_- -N-m—_-. -u-—-m-u -—.-ﬂ———-— _-d_——-u

>

Lb.l

4K

L Ll

Lt

2K

L L)

L

AN

300
FREQUENCY, Hz

: N

N

250

_rh—w—np- --h—-- —--——-- -_h-—.h-— .—--—hhm-

125

(=] E=4 (=] h=] b=
[ - oy - "

(3] SS0T ¥DISSINSHYNL OHNDS

[ -
<

>
> ]

-u——m-——— #——tﬁ‘d-— -—-—-—dﬂ- ﬁ--—ﬂ-- --—-—-n"
o ¥ r
b 4
/ )
b -
/ .
p <
[=]
o
o
o <
(=4
o
p <
w
ITARNES! .__.._7.. IFNER FRYRI RN V] RESTIRE TS FUTH B
3 wy (s ] [ wy
L «© “.W - L2 J o~

H2/I4AG 2000°0 3y

(g0} 13A71 34NSSIAd QKNS 1YdNI

FREQUENCY, Hz

*1/3-octave band data normalized to T, = 0.5 sec.

F-14



EAL S S

pAe IRl B A

3R T e S T T T R v

D Ak

i
th

ey

TYPE:  REINFORCED CONCRETE WITH HOLLOW BLOCKS
TEST REF: 1-(857)

DESCRIPTION: 6-in. reinforced concrete slab with 12- by 5-in, hollow
blocks spaced 16 in. on centers. On the floor side, 1 1/2-in, aand-cement
gcreed with a 5/8-in.~thick pitchemastic floor finish on felt underlayment.
On the celling side, approximately 3/4~in. plaater,

Total thickness: 8 1/2 in.

Area weight: 70 1b/£t2

il
7

P PTLI W i et i) L} Aviana s

STC = 49; IIC = 30; Fire Rating: 2 hras, {est.)

REMARKS : These measurements were conducted in the field.
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floor side, 7/8-in.-thick wood blocks adhered to 1 1/2-in.-thick sand-cement

TYPE: CONCRETE WITH HOLLOW BLOCKS y
TEST REF: 1-(559) :
DESCRIPTION: 5- by 10~in. hollow masonry blecka, 14 in. on centers, with '
spaces between blocks filled with 5-in.-thick reinforced concrete, On the T

e

screed. On the ceiling side, 3/4-in. layer of plaster. ry
Total thickness: 8 1/8 in.

Arves weight: 65 1b/£e?

STC = 50; IIC = 48; Fire Rating: 2 hra. (est.) i

REMARKS : The plotted curves represent the average of field

meagurements of two nominally identical atructures,
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TYPE: CONCRETE WITH HOLLOW BLOCKS, FLOATING FLOOR
TEST REF: (a) 1-(S77-1,4); (b) 1-(877-2,3)
DESCRIPTION: (a) 4- by 12 1/2-in. hollow masonry blocks, 15 1/2 in. on

s T

centers, with spaces between blocks filled with 4-in.-thick reinforced concrete,
On the floor side, 2-in.-thick sand-cement screed; l-in.-thick wood flooring
nailed to 1- by 2~in. wooden battens, spaced 15 1/2 in, on centers, floating

on glass-wool quilt, approximately 1 in. thick, On the ceiling side, 3/4-1in,

layer of plaster.

(b) Similar to (a} with linoleum floor covering.

Total thickness: 9 1/4 in.

Area welght: 57 lhlfl:2

I T T T R Y

STC = 53; IIC = 62; Fire Rating: 2 hra. (est.)

(a)
(b} ===eveevecaseee §TC = 54; IIC = 64; Fire Rating: 2 hrs. (est.)

REMARKS : The plotted curves are the average values of field

measurements of two nominally identical structures of type (a) and (b).
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TYPE: CONCRETE WITH HOLLOW BLOCKS, FLOATING FLOOR
TEST REF: (a) 1-(566-1,2,4; 567-1,2,4; S68-1,2,4); (b) 1-(S66-3, S67-3, 568-3)
DESCRIPTION: (a) 5 1/2-in.-thick reinforced concrete with hollow 4~ by 12-in.

blocks embedded 14 1/2 in. on centers. On the floor side, 1 1/Z-in.~thick wire

mesh reinforced sand-cement screed floating on l-in.=-thick bitumen-bonded
glass-wool quilt covered with bullding paper; thermoplastic tile floor covering.
On the ceiling side, 1/2-in. layer of plaster.

(b) Similar te (a) except the glass-wool quilt was not
bitumen«bonded,
Total thickness: 8 1/2 in,

Area weight: 65 1b/ft>

(a) —--—————8TC = 52; YIC = 47; Fire Rating: 2 hrs. (est.)

(b} meeneemonccnnnn STC = 50; IIC = 49; Fire Rating: 2 hrs. (est.)

REMARKS : The plotted curves are the average of field measurements of

nine nominally identical structures of type (a), and three of type (b).
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TYPE: CONCRETE WITH HOLLOW BLOCKS, FLOATING FLOOR, SUSPENDED CEILING
TEST REF: 1-(8110, 8111, S112)

DESCRIPTION: 5 1/2~in.~thick reinforced concrete with 4- by 12-in. hollew
masonry blocks embedded 15 in, on centers, On the floor side, 1 1/2-in.-thick
wire mesh reinforced sand-cement screed floating on l-in.-thick bitumen-bonded
glaas-wool quilt covered with building paper; thermoplastic tile fleor
covering., On the cefling side, 1/2-in. layer of plaster on ribbed expanded
metal lath attached to 1/4- by L 1/4-in, steel bars suspended 6 in. from the
concrete slab by 1/4~in. steel rods, apaced 48 in. on centers.

Total thicknesa: approximately 15 1/4 in,

Area welght: 70 lblft2

STC = 55; LIC = 53; Fire Reting: 2 hrs. (est.)

REMARKS : The plotted curves represent the average of field measurements
of twelve nominally identical structyres, The shaded areas indicate the

spreads of the measurements,
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TYPE: HOLLOW TILE BEAM

TEST REF: (a) 11(b)-(Fig. 39b); (b) 11(b)-(Fig. 39f); (ec) 1l(b)-(Fig. 39g)
DESCRIPTION: (a) S-in.-thick tile beams, 15 3/4 in, wide, held together

with steel reinforcement and cement mortar. On the floor side, linoleum

adhered to 3/4-in,-thick sand-cement screed. On the ceiling side, 3/8-in.

S SI

LR M TR T e,

B

3,

R WP s i

layer of plaster.

{b) Similar to (a) except linoleum was replaced by coco matting.

Total thickness: 6 3/4 in,

Area welght: approximately 41 ].1:»/f!:2

(c) Similar te (a) except linoleum was replaced by parquet

flooring, and on the celling side, 3/4- by 2 3/4-in. wooden battens, 19 in. on

centers, held 1 3/8-in. layer of lath, reeds and plaster.

Total thickness: 9 1/4 in.

Area welght: approximately 43 lblfl:2

. w e iy |

(a) (b)

() sl OTC = 47; IIC = 40; Fire Rating:

(D) eresresmrensens 8TC = 47; IIC = 60; Fire Rating:

()

1 hr, (est,)

1 hr. (est.)

wwes STC = S0; IIC = 46; Fire Rating: 1 hr. (est.)

(c) e

REMARKS: The airborne STL measuremaents were made without tha floor
coverings; however, these provide litktle additionel airborme sound inaulation,
and the data are applicable to the above structures, The plotted STL curves
represent the average of fleld measurements of nominally identical structures.

The sheded areas indicate the apreads of the megsurements,
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TYPE: PRECAST HOLLOW CONCRETE SLAB
TEST REF: (=) 17-(12a), 11{a)-(VI-A-36); (b) 17-(12b), 11(a)-(VI-A-37)
DESCRIPTION: (a) 6~ by 20~in. precast pumice concrete slabs with
eylindrical cavities, On the floor side, 3/8~in.-thick cement mortar and
3/4=1in.-thick sand-cement finish; on the ceiling side, 3/B=in.-thick
coat of plaster,
Total thicknesa: 7 1/2 in,
Area weight: 43 lblft:2

(b) Similar to (&) except 5« by 10 in. precast hollow
concrete beama were used.
Total thicknesa: 6 3/4 in,
Avea weight: 46 1b;'ft:2

(o) imsirommsi STC = 46; IIC = 30; Fire Rating: 2 hrs. (est.)

(b) ssisswsssss STC = 46; IIC = 24; Fire Rating: 1 hr. (est.)

REMARKS: The plotted curves are the average values of field measuremento
of three nominally identical astructurec of type (a) and (b). The shaded -ansan

indicate the spreads of the measurements,
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TYPE: CONCRETE CHANNEL SLAB
TEST REF: 11¢a) - (VI-A-38), 17-(12¢)

DESCRIPTION: Prefabricated concrete channel slabs mortared together 20 in.

on centers, Each alab had a 3~-in. deep trapezoldal channel with bases of
11 and 14 3/4 in, On the floor side, 3/4~in.-thick sand-cement finish. i
Total thicknesa; 6 1/4 in,

Area weight: 28 lb/ft2

e e e e M oo § e e ey e

§TC = 42; TIC = 32; Fire Rating: 45 min, (est.)

REMARKS: The plottaed curvea are the average values of field meaaurementa
of four nominally identical mtructures, The shaded areas indicate the spreads

of the measurements due to the variance in structures and conditions of the

|
J
tests. f

o e ey S

i
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TYPE: RIBEBED CONCRETE

TEST REF: 11(a)- (1V-A-21)

DESCRIPTION: 7 1/4~in, ribbed conerete floor. The ribs were 5 1/4- by

3 3/4-in., spaced 21 in, on centers, with 1~ by 2-in, wooden nailing strips
cast into ends, On the floor side, the slab was 2 in. thick with a 3/4-in, -
thick sand-cement screed, On the celling side, 5/8-in.-thick wooden laths
nailed to natling strips, held 5/8-in,.-thick reeds and plaater,

Total thickness: 9 1/2 in,

Area weight: approximately 45 11:/£r:2 (Not specified in reference. )

') q O-Oﬁo.';o.o-g‘llﬁal

- 2]
S8TC = 46; IIC = 42; Fire Rating: 45 min, (est.)
REMARKS: The plotted eurves represent the average of field

measurements of three naminally identical structures. The shaded areas

indicate the spreads of the measurements,
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TYPE: CONCRETE CHANNEL BEAM

TEST REF: 1-(8117)

DESCRIPTION: 7-in. precast trapezoidal concrete channel beams, 14 in. on
centers, with the spaces between the beams filled with a sand-cement mix. On
the floor side, 1 1/2-in.-thick sand-cement screed with l-in.~thick wood-block
floor covering.. On the ceiling side, approximately 3/4~-in.~thick layer of
plaster on expanded metal lath,

Total thickneas: 10 1/4 in.

Area weight: 65 11:!/'f.‘l:2

STC = 47; IIC = 42; Fire Rating: 45 min. (est.) '

REMARKS : The plotted curves are the averesge values of field
measurements of four nominally identical structures. The shaded areas

indicate the spreads of the measurements.
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TYPE: PRECAST CONCRETE BEAM, FLOATING FLOOR

TEST REF: 1-(S116)

DESCRIPT'ION: 5-in, precast concrete channel beams, 14 1/2 {in. on centers,
with the spaces between beams filled with a sand-cement mix, On the floor
aide, 7/8-1in,~thick tongue-and-groove wood flooring nsailed to l- by 2-in,
wooden battens, 20 in, on centers, on approximately l-in.-thick glass-wool
quilt on 3/4-in,-thick aand-cement screed. On the ceiling aide, 1/8-in,
layer of plaster on 3/8+in. gypeum wallboard nailed to 1- by 2-in. wooden
battens apaced 14 1/2 in. on centers,

Total thickness: approximately 10 in.

Area weight: 45 1b/£t2

w#& [ ORIV s

STC = 50; IIC = 53; Fire Rating: 45 min. (est.)

REMARKS ; The plotted STL curve represents the average of field
meapurements of two nominally identical atructuren, and the plotted ISPL

curve represents the measurementsa of one Structure.
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TYEE: PRECAST HOLLOW CONCRETE BEAM

TEST REF: 1~(558)
DESCRIPTICN: 6-1in. precast hollow trapezoidal concrete beams 14 1/2 in, on

centera, with bases of 14 in. and 12 in. The apaces between the beams filled

wilth concrete. On the floor side, 1/2-in.-thick sand-cement screed with 1/2-in,-

thick pitch-mastic finish floor. On ceiling side, approximately 1/2-in. layer
of plaster.
Total thickneas: 7 1/2 in.

Area weight; 55 1b/ft2

STC = 45; IIC m 31; Fire Rating: 45 min. (est.)
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TYPE: HOLLOW CONCRETE BEAM, SUSPENDED CEILING
TEST REF: 1-(s115)
DESCRIPTION: 'S—in. precast trapezoidal hollow concrete beams, 14 1/2 in.

on centers, with bases of 14 in, and 12 1/2 ip. The spaces between beams

filled with a sand-cement mix. On the floor side, l-in.-thick sand-cement

sereed with 3/16-in, cork tile Flaor covering. On the celling side,

3/8-in,~thick gypsum wallboard avtached to 1- by 2-in. wooden battens held 0
by metal clips, l‘

Total thickneas: 7 5/8 in,

Area weight: 50 1b/£t?

STC = 50; IIC = 51; Fire Rating: 45 min. (est,) J
REMARKS : The plotted STL curve represents the average of field 3,
meagurementa of four ﬁaminally identical atructures, and the plotted ISPL
curve ia the average of two structures. The shaded area indicates the spread

of the measurements,
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TYPE : HOLLOW CONCRETE BEAM, WOOD RAFT FLOOR

TEST REF: 1-(s64)

DESCRIPTION: 7-in,-thick precast trapezoidal hollow concrete beams,

14 1/2 in. on centers,with bases of 14 in. and 12 in., The spaces between
beams were filled with concrete. On the fleor side, 7/8-in.-thick tongue-and-
groove wood flooring nafled to 2- by 2-in. wooden battens, 18 in. on centers;
linoleum floor covering, On the celling side, 3/4-in, layer of plaster.
Total thickness; 10 5/8 in.

Area weight: 45 lbll:'::2

AR NNNNSNINNNNY GO NN Lt

STC = 44; IIC = 48; Fire Rating: 1/2 hr, (est,)

REMARKS : These meagurements were conducted in the field,
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TYPE: HOLLOW CONCRETE BEAM, FLOATING FLOOR

TEST REF: 1-(578-2)

DESCRIPTIQON: 5-in.-thick precast trapezoldal hollow concrete beams, 14 1/2 in,
on centers, with basea of 14 in. and 12 1/2 in. The spaces between the beams
were f£illed with a sand-cement mix. On the floor side, 7/8-in.~-thick
tongue-and-groove wood flooring nailed to 1 1/2- by 2-in, wooden battens,

20 in. on centers, floating on a glass-wool quilt, approximately 1 in, thick;
linoleum floor covering. On the ceiling aide, 5/8-in. layer of plaster.

Total thickness: approximately 8 3/4 in,

Area weight: 42 1b/fe>

AAAAARAASR SNNNNXNNNNN, LA R A7 NN T2

STC = 50; IIC = 49;'Fire Rating: Not available

REMARKS: These measurements were conducted in the f£ield.

¥-29

ARV S




Yl

TITIFTTT

2

LN ERERS AR RS LR

4K

TTTT[T 37

3

2K

1Al

N

I

rer

500
FREQUENCY, H2

\

.

230

-

5

bh---

AERS RSER RRR R BNTT ....mr...

peaalsnay

o [=]
= (T

(=]
t

L=
-

3

[~
o~

(4] $507 HOISSIMSNVHL aNnos

[
‘

LARRE RN

LALEE RARAN RAREN R RE] LARRE ERRE] ....—ﬁ_.—— -

TV 1

2K

7

Lt

s m
/

IK

500
FREQUENCY, Hz

Ll

P

250

<

-nnﬂhhhb

_...-.._. IFNSEENREI ERINS FARE1 ITERE INTH

w
-

w
L

aej

HU oy w3
w < L]

H3/34A0 20000 38
13411 34055344 EKN0S 19Y4NI

u
o~

+*1/3-pctave band data normalized to T, = 0.5 sec,

F-29



TYPE: WOODEN JOIST

TEST REF: 1-(s288-1, 2; 5289-1, 2)

DESCRIPTION: 2~ by 8-in. wooden joists 16 in. on centers. On the floor
side, 7/8~in, tongue-and-groove flooring nailed to jolats; on ceiling side,
3/8-1in. gypsum wallboard nailed to jolsta with the joints sealed,

Total thicknesa: 9 1/2 in.

Areas weight: 7 ].1:»/5[:2

L OO L T W W . L T W

- -~

8TC = 34; IIC = 32; Fire Rating: 15 min. (est.) - combustible

REMARKS: The plotted curves represent the average of field measurements

of EFour nominally identical structures. The shaded areas indicate the spreads

of the measurements.
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TYFE: WOODEN JOLST

TEST REF: 1-(5290)

DESCRIPTION: 2- by 7-in, wooden joista 16 in. on centers., On the floor side,
7/8-1in,-thick tongue-and-groove wood flooring nailed to joists, On the ceiling
sidé, 3/8-in.-thick gypsum wallboard nailed to joilsts, approximately 3/16-in.
skim-coat of plaater applied to gypsum board,

Total thickness: approximately 8 1/2 in.’

Area weight: 8 lblft:2

o L W L L W W L e

-+ <+

STC = 35; IIC = 36; Fire Rating: 15 min. (est.) - combustible

REMARKS: The plotted curves represent the average of field measurements

. of three nominally identical atructures. The shaded areas indicate the spreads

of the measurements.
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TYPE: WOODEN JOIST
TEST REPF: (a) 1-(S293, 5294); (b) 1-(5292-2)
DESCRIPTION: (a) 2- by 8-in, wooden joista 16 in. on centera, On the floor
side, 7/8-in,-thick tongue-and-groove wood flooring screwed to jolsta; l- by
2-in, wooden battens nailed to the underside of the wood flooring midway
between joists, On the ceiling wide, 1/2-in, layer of plamter on expanded
metal lath nailed to joists.
Total thickneas: 9 1/2 in.
Area weight: 13 1b/£t

(b} 2- by 8-in. wooden joists 18 in. on centers. On the floor
side, 7/8-in. tongue-and-groove wood flooring nailed to jolats, On the celling
side, l-in. battens nailed through glass-wool quilt, approximately 1 in. thick;
1/2-~in. layer plaster on 1/4-in.-thick woed lath.

Total thickness: approximately 11 in.
Area weight: 12 1b/fs2

(@ /o
(o) s STC @ 41; IIC = 36; Fire Rating: 30 min, (est.,) = combustible
(b) reesasncaens «== STC = 43; IIC = 43; Pire Rating: 45 min. (est.) - combustible
REMARKS: The plotted curves, for structure {(a), represent the average of

field measurements of four nominally identical structures. The shaded areas
indicate the spreads of the measurements. The curves, for structure (b), are

the results of measurements of one structure.
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TYPE: WOODEN JOIST

TEST REF: (a) 11¢b)~(34b); ¢(b) 11(b)-(34f); 17-(9a)

DESCRIPTION: (&) 3- by 7-in. wooden joists, 24 in. on centers. On the

floor side, l1-in,-thick wood flooring nailed to joista, linoleum Eloor

covering., On the ceiling side, 1 3/8-in. layer of lath, reeds and plaster,
(b) Similar to (a) except coco matting replaced linoleum.

Total thickness: 9 1/2 in,

Area welght: approximately 12 lb/ft2

e I L PSP
P AL LMALE WP NI LA SN AN

(a)

PRI

(b)

{a) ——————5STC = 39; IIC = 40; Fire Rating: 20 min. (est.) - combustible

(b) snerseermercsens STC = 39; IIC = 45; Fire Rating: 20 min. (est.) - combustible

REMARKS + The airxborne STL measurements were made without floor coverings;
however, these provide little additional airborne sound insulation, and the
data are applicable to the above structures. The plotted curve represents

the average of field memsurements of seven nominally identical structures,

The shaded area indicates the spread of the measurements, Each plotted ISPL

curve represents the results of field measurements of one structure.
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TYPE: WOODEN JOIST

TEST REF: 6=-(FIT 2)
DESCRIPTION: 2- by B-in. wooden jolats 16 in, on centers. On the floor

aide, 1/2-in.-thick C-D plywood nailed 8 in. on centers to joists, 25/32-in.-

thick hard wood flooring on plywood, On the ceiling side, 1/2-in,-thick
gypsum wallboard nailed 6 in. on centers to joists; all joints taped and
finished; celling tile adhered te gypsum board.

Total thickness: 10 1/4 in.

Area weight: §,9 1b/f|:2

rorios . ra

STC = 39; YIC = 37; Fire Rating: 1 hr, - combustible

REMARKS: The airborne sound insulation measurements were made without

the ceiling tile. The above measurements were conducted in the field.
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TYFE: WOODEN JOIST
TEST REF: (a) 6-(FIT B); (b) 6~(FIT 8).
DESCRIPTION: (a) 2- by 8-in. wooden joiats 16 in. on centera, On the floor
side, 1 1/2-in,-thick tongue-and-graove wood fiber board nailed to joists,
vinyl tile floor covering, On the ceiling side, 1/2-~in.~thick gypsum wallboard
nalled 6 in. on centers to joists. All joints taped and finished.

(b) Similar to {a) except fiber board was covered with carpet and
pad.,
Total thickness: 10 in.

Area weight: 9.2 lblft:2

Tag ey QU s S ey TR e T T

@ (b

{a) ~———————5TC = 29; IIC = 32; Fire Rating: Not avallable

(459 LT OR— IIC = 56

REMARKS : The airborne sound insulation measurements {in 1/l-octava bands)
were rads without floor coverings; howaver, these provide littla additional
airborne sound insulation, and these data are applicable to the above struc-

tures. The plotted curves are the results of field measurements,
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TYPE: WOODEN JOIST
TEST REF: (a) 3-(723-A); (b) 3-(724-4)
DESCRIPTION: (a) 2= by 10-in. wooden joists 16 in, on centers, On the floor
aide, 1 11/32~ by 23 1/4~in, compressed homogeneous paper pulp building board
(approximate density 26.1 1b/ft3) nailed 8 in, on centers perpendicular to the
joists, 1/8-in.~thick hardboard glued to huilding board, a single layer of
15 1b felt bullding paper glued to hardboard, and 1/8- by 9- by 9-in. vinyl
asbestos tile glued to felt paper, On the celling side, 1/2-in.-thick gypsum
wallboard nailed 12 in. on centers, with all joints taped and finished,
Total thickness: 12 1/4 in.
Aren weight: 8.4 1bffr.2

(b) Similar to {a) except the wooden joists were 24 in. on
centers and the building board was 1 27/32 in., thick,
Total thickness: 12 3/4 in,

Area weight: approximately 9 ‘.I.'r:/ft2 (Not specified in reference,)

w /o

(a) sm——mssmmme———s STC = 35; IIC = 39; Fire Rating: 1/2 hr, (est.) - combustible

e P — 1IC = 43

REMARKS The STL measurements were made without the hardboard, Ffelt

paper and tile., See F-37 foxr variation in floor covering.
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TYPE: WOODEN JOIST, CARPET AND PAD
TEST REF: (a) 3-(723-B); (b) 3-(724-1B)
DESCRIPTION: (a) 2- by 1l0-in. wooden joists 16 in. on centers, On the
floor side, 1 11/32- by 23 1/4-in., compressed homogeneous paper pulp building
board (approximate density 26,1 1b/ft3) nailed 8 in, on centers perpendicular
to the joists; building board covered with a foam rubber carpet pad and nylon
carpet, The carpet pad had an uncompressed thickness of 1/4 in,, backed with
a woven jute fiber cloth, The nylon carpet had 1/8-in.~thick woven backing and
1/4=1in,-thick looped pile spaced 7 loops per inch with a total thicknesa of
3/8 in. On the celling side, 1/2-in. gypsum wallboard nailed 12 in, on centers.
Total thickness: 12 1/2 in.
Area weight: 9.2 llalft:2

(b) Similar to (a) except the wood joists were 24 in. on centers
and the building board was 1 27/32 in. thick.
Total thickneas: 13 in,

Area weight; approximately 10 ll:e/lft:2 (Not specified in reference.)

VAVoar ol A A QS L A T GG TGS AT ITISTTLTS S

f (a) / (b)

{a) STC = 38; IIC = 57; Fire Rating: 1/2 hr, (est.) - combuastible
(b)emeemsasnannnass IIC = 57
REMARKS: See F-36 for variation in floor covering.
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TYFPE: WOODEN JOIST
TEST REF: (a) 3-(728-A); (b) 3-(728-B)
DESCRIPTION: {a) 2~ by 10-in. wooden floor joists spaced 16 in, on centers,
5/8=in, fir plywood subfloer nailed to joista 8 in. on centers; 1/2~in.
plywood underlayment nailled to subfloor with joints staggered to miss joints
of the subfloor; 1/8« by 9~ by 9-in. vinyl asbestos tile glued to underlayment,
On the celling side, 1/2-in, gypsum wallboard nailed 12 in, on centers with
all joints and nalilheads taped and finilshed,
Totul thickness: 11 3/4 in, »
Area welght: 9,0 lb/ft>

(b) Similar to (a), except a 1/4=in.~thick foam rubber pad
and 3/8=in.-thick nylon loop carpet replaced vinyl asheatos tile., The rubber
pad wae backed with a woven jute fiber cloth and wes perforsated to approximately
half its depth with holes 1/8 in. In diameter and apaced 3/4 in, on centers,
The carpet had 1/8-in. woven backing and 1/4-in, looped pile apaced 7 loops per
inch.
Total thickness: 12 1/4 in,

@ __ )

T Gl S

STC w 37; TIC = 33; Fire Rating: 1/2 hr. (est,) - combustible

(b) —-—— TIC = 53

F-38

ety =




R T

o

AARNERS N ‘SR R

TTTrpyrTy LRLEE RARR]

LERES KRERD B3

2K

LI 2

IK

L L

500
FREQUENCY, Hz

—_|

250

I-.__——n__\_r .-.—»—-

ISENI SRS L AR URINVET:

hnqq—.

125

p=]
«

=]
b g

<
-y

<3
oL

{a9) SSOT HOISSINSNYYL QHAOS

2

ﬂ—-—w_—-— -dﬁ—.-—— —ﬂu-—n—-— -—w_——ﬂ——n n——_ﬁ-—-— “
| \ - )
3 i=
™~ - N
K\w
\ 7
R 4
d A
\ 4
~
x r
- . - Vl'
b - 4 O
- = b =
. w
.~ =}
. S =2
o [
. / " &
J
> s M [
[ J
J
[ o
- a
J ot
- \‘\ -
b L <
[ - h
= n
-~ o
__-_--_ _.-—ﬂlo..n q--—_-_ _--——E __-—nnn-
v 2] ) w ) 0
@ ~ © w0 - "

MI/THAL 2000°D ‘34
L189) A1 3455344 AKNOS 1IV4HI

2

#1/1 octave band data normalized to Ay = 10m

F-38



AT Ry

LI e

iR S S

YT

EORTPA et Y

e

B AL et LY At

1 Tt it

TYPE: WOODEN JOIST
TEST REF': {a) 13-(6412-7); (b) 13-{6412-~10)
DESCRIPTION; (a) 2- by 10-in, wooden joists 16 in. on centers. On the fleor
side, 1/2-in.-thick plywood subfloor nailed 6 i{n, on centers along edges and
10 in. on centers in field, building paper underlayment, 25/32- by 2 1/4-in,
odk wood flooring nailed at each joist Intersection and midway between joists.
On the ceiling side, 5/8-in.-thick gypsum wallboard nalled 6 in. on centers to
Joists; all joints taped and finished.
Total thickness: 11 7/8 in.
Area weight: approximately 9.5 1b/ft:2 {Not apecified in reference.)

(b) Similar to (a) except the gypsum wallboard was screwed
12 in. on centers to resilient channels spaced 24 in. on centers perpendicular
to joists.
Total thickness: approximately 12 3/8 in.

Area welght: approximately 9.6 1b/ft2 (Not specified in reference.)

s 4 \\\\'._v______,_.....,g..___
| AL T LTI IR LI IT I FIL L
(a) (b)
(a) STC = 37; IIC = 32; Fire Rating: 1 hr. (est.) - combustible
(b)) nmmmmmmemmanaen -STC = 47; TIC = 39; Fire Rating: 1 hr. {est.) - combustible
REMARKS : CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible, Resiliently hung
ceiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized, (See text.)
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TYPE ; WOODEN JOIST WITH INSULATION

TEST REF: (a} 13~(6412-6); (b) 13-(6412-3)
DESCRIPTION: (a) 2~ by 10-in. wooden jolsts 16 in. on centers with 3-in.-
thick mineral fiber batts stapled between jolsts. On the floor side, 1/2-in,-
thick plywood subfloor nalled 6 in, on centers along edges and 10 in. on centers
in field, building paper underlayment, 25/32- by 2 1/4-in. cak wood flooring
nailed at each joiat intersection and midway between joists. On the ceiling
alde, 5/8«in,-thick gypsum wallboard nailed 6 in. on centers to joists; all
jointa taped and finished,
Total thickness: 11 7/8 in.
Area welght: approximately 10,0 lblftz2 (Not specified in reference.)

(b) Similar to (a) except the gypsum wallboard was screwed
12 in. on centers to resilient channels spaced 24 in. on centers perpendicular
to joista,
Total thickness: approximately 12 3/B in,

Area weight: approximately 10.1 lb,fft:2 (Not specified in reference.)

Y

ererraddan s

W

Afs oo wten 2m,

Ny

DT ST TLLETIFS AN

(a) / (5)

STC = 403 IIC = 32; Fire Rating: 1 hr, (est.) - combustible

{a)

(b) ssesseseeceenne BTC = 4%; IIC = 46; Fire Rating: 1 hr, (est.} - combustible

REMARKS : CAUTION - These measurements were conducted in the laboratory
where structure-borne flanking transmission was negligible, Resiliently hung
ceiling structures in fileld installations cannot perform as effectively unless

flanking paths along vertical walls are minimized.
F-40

(See text.)
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TYPE : WOODEN JOIST, CARPET AND PAD
TEST REF: (a) 13-(6412-8); (b) 13-(6412-9)
DESCRIPTION: (&) 2- by 10-in. wooden jolsts 16 in, on centers, On the
floor side, 1/2~in,-thick plywood subfloor nailed 6 in. on centers along edges
and 10 in. on centers in field, building paper underlayment, 25/32- by 2 1/4-in.
osk wood flooring nailed at each joist intersection and midway between jolsts;
carpet, 44 oz/ydz, with hair felt pad, 40 oz/ydz, placed on weod flooring. On
the ceiling side, 5/8-in.-thick gypsum wallboard nailed 6 in. on centers to
joista; all joints taped and finished,
Total thickness: approximately 12 1/2 in,
Area weight: approximately 10.0 lb/ft2 (Not gpecified in reference.)

(b) Similar to (a) except the gypsum wallboard was screwed
12 in. on centers to resilient channels apaced 24 in, on centers perpendicular
to jolats.
Total thickneas: approximately 13 in.

Aren weight: approximately 10.1 Ib/ft:2 (Not specified in reference.)

¥ = 3 >
< = | PR T L I TLE I TTLIL LTI LIS LTS PI I
(a) (b)
(a)~——————STC = 38; IIC = 56; Fire Rating: 1 hr, {est.) - combustible
(b)smernnamane «-==--8TC = 47; IIC = 66; Fire Rating: 1 hr. {est.) - combustible
REMARKS : CAUTION - These measurements were copducted in the laboratory

where structure-borne flanking transmission was negligible, Resiliently hung
celling structures in field installations cannot perform as effectively unless

flanking paths along vertical walla are minimized. (See text,}
F-41
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TYPE: WOODEN JOIST WITH INSULATION, CARPET AND PAD
TEST REF: (a) 13-(6412-5); (b) 13-(6412-4)

DESCRIPTION: (a) 2- by 10-in, wooden joists 16 in. on centers with 3-in,-
thick mineral fiber batts stapled hetween joists. On the floor side, 1/2-in,-
thick plywood subfloor nailed 6 in. on centers along edges and 10 in. on
centers in field, building paper underlayment, 25/32- by 2 1/4-in. oak wood
flooring nailed at each joist intersection and midway between joists; carpet,
44 oz/ydz, with hair felt pad, 40 oz/ydz, placed on flooring, On the ceiling
side, 5/8-in.~thick gypsum wallboard nailed 6 in. on centers to jolsts; all
jodlnts taped and finished,

Total thicknesa: 12 1/2 in.

Area weight: approximately 10.5 lbff!:2 (Not specified in reference.)

(b) Similar to (a) except gypsum wallboard was screwed 12 in.
on centers to reailient channels spaced 24 in. on centers perpendicular to
Joists.

Total thickness: approximately 13 in.
Area weight: approximately 10.6 1b/ft2 (Not specified in reference,)

== RS MRS

T | R | T

PPLTETILLEFEL SONNNSNNNNN e ]

| W Fr FA I PIANTIEITIN,

(a) f (b)
{a) ~——-———5TC = 39; IIC = 58; Fire Rating: 1 hr. (est.} - combustible
(b) smmesen Asemunmens STC = 50; IIC = 70; Fire Rating: 1 hr. (est.,) - combustible
REMARKS : CAUTION - These measurements were conducted in the laboratory

where structure-borne flanking transmission was negligible, Resiliently hung
celling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized, {(See text,)
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TYPE: WOODEN JOIST
TEST REF: 6= (WIT 3}
i DESCRIPTION: 2- by 10~in. wooden joists 16 in. on centers, On the floor

side, 1/2«in.-thick plywood subfloor nailed & in. on centers to joists,

b approximately 3/8-in.-thick fibered glass board adhered to plywood subfloor,

1/2~in.-thick tongue-and-groove plywood underlayment stapled 12 in, on centers

along the joints; approximately 1/2-in,-thick oak wood flooring on plywood

A M it SO AT L,

underlayment. On the ceiling side, 1/2-in.-thick gypsum wallboard nailed

e

6 in. on centers to joists. Joints of gypaum board taped and finished.

Total thickness: 12 3/8 in.

Area weight: 10.7 1b/ft”

T £ e R T e

STC = 41; IIC = 38; Fire Rating: 45 min. (est.) - combustible
REMARKS: Our informatlion indicates some slight differences between
individual structures measured for airborne and impact sound insulatien

respectively; however, these differences should not affect the results

@ significantly.

! F-43




T e —_

4K

2K

1K

500
FREQUENCY, Hz

250

125

——-——-uwﬂ L) —-—-—ddw —.--—-—- -.—-u—w—-. —u.—-—-ﬂ " nu—-m-—b— nﬂ—bh-- Ho-n—h—dd a.-——-d ,—ﬁ———d
4 \\v - p -
\ wx

£

¥ / r b \ A

~
/ ey x \

n / N W.wn w \ M
o

" /l/ll/lr 1 F \\ b
g 3

B N g | ]

> / - m p L

N 2 \ﬁ

o

L P > p
["+]
o

tleerobesarboneedonartyes IEENIRENRE ST NNTY IT1ESEN] ANERY PO ISR ERE T BTN TN, ivatligs.
< =) =) o Q =]
- 3 n - " ~ b2 w = n b 2]

M3/INA0 200070 -39
(89) $S07 NOISSIHSHYAL ONADS (8P} TIATY 29058344 QMROS V4R

*1/3~octave band data normalized to Ag = 10m2
F=43



VT TR TN RV R AL AT e A AR e T

Crieiman T SATHIML IR

EREL S e Al

Lmegt A Y pEE e
ekt e TR R

i

]
)
{]
;
]
'
i

e

FET

PP

1
M
i
R}
et

FURN

TYPE: WOODEN JOIST, RESILIENT CEILING

TEST REF: 3-(717)

DESCRIPTION: 2- by 8-in, wooden joists 16 in. on centers. On the floor
side, 3/4=in.-thick wood subfloor, a layer of building paper, and 3/4-in.-thick
tongue-and-groove fir finish flooring. On the celling side, resilient runmers
bridged acroas joists and nailed 12 in, on centers to the joiats; 5/8-in,-thick
gypsum wallboard screwed to resilient runners, with all joints taped and
finished.

Total thickness: approximately 10 1/2 in,

Area weight: 10.1 lI:»/f:"Z

e e R AR S T
BT LTS P ANl 2 a .

S8TC = 45; IIC = 44; Fire Rating: 45 min. (est.) - combustible

REMARKS: CAUTION - These measurements were conducted in the laboratory
where atructure-borne flanking transmission was negligible. Resiliently hung
celiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized, (See text.)
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TYPE: WOODEN JOIST WITH INSULATION, RESILIENT CEILING
TEST REF: {a) 8-(224-2-65, 224-1-65); (b) 8-(224-4-65, 224-3-63)

DESCRIPTION: (a) 2- by 8-in, wooden joists 16 in. on centers with 3-in.-thick
fibered glass blankets stapled between joilsts, On the floor side, 5/B-in,
tongue-and-groove, C-D plugged plywood nailed 6 in. on centers along periphery
and 10 in. on centers at other bearings, 3/8-in.-thick A-C plywood underlayment
stapled 6 in. on centers, 0.075-in.-thick vinyl sheet floor covering. On the
celling side, resilient channels 24 in. on centers screwed perpendicular to
joists, 5/8-in. gypsum board screwed 12 In. on centers to channels. All joints
taped and finished with the entire periphery caulked and sealed.
Total thickness: approximately 10 1/8 in.
Area weight: 8.9 lb/ft2
(b) Similar to (a) except the 3/8-in. plywood underlayment
and vinyl sheet were replaced with an all-hair pad (40 oz/ydz) and an all-wool
plile (44 oz/ydz) carpet. The total weight'of the carpet was 4.14 lb/yd2 and
the total thickness was 3/8 in.
Total thickness: approximately 10 1/2 in,
Area weight: 8.6 1b/£t2

QI

178 TETERSEE T T

SRS
:L"L‘ % 5 'éh’d'* .s""-?it. %

VDI TLTLLLILALIL LSS TSI LS SIS LIS TS VAL ITISLSTIR

(a)ss——————8TC = 45; IIC = 44; Fire Rating: 1 hr, (est,} - combustible
(b)-ssmeereeeaees- 8TC = 47; IIC = 69; Fire Rating: 1/2 hr, (est,) - combustible
REMARKS: CAUTION - These measurements were conducted in the laboratory
vhere structure-borne flanking transmission was negligible, Resiliently hung

ceiling structures in field installments cannot perform as effectively unless
flanking paths along vertical walls are minimized. (See text.)
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TYPE: WOCDEN JOIST, RESILIENT CETLING
TEST REF': (a) 3-(718); (b)Y 3~(719); (c) 3-(720)

DESCRIPTION: (a) 2~ by 6-in. wooden floor joists 16 in. on centera. On the
floor side, 5/8~in.-thick plyscore nailed to joists, 1/2-in.-thick wood fiber
board (approximate density 20,0 1b/ft3) stapled to subfloor, 1/2-in.-thick
plywood underlayment glued to fiber board, and 3/32-in,-thick vinyl floor
covering. On the ceiling side, resilient c¢lips, 24 in. on centers, held 1-
by 2-in, furring strips, parallel with joists, to which 5/8-in. gypsum
wallboard was screwed 12 in. on centers; all joints taped and finished.

(b) Simllar to (a) except the 1/2-in,-thick plywood underlayment
board and the l/2-ip.-thick wood fiber board were nailed directly to the
5/8-in.-thick plyscore subfloor,

Total thickness: approximately 10 in,
Area weight: 9.3 1b/ft

(c) Similar to (a) except the resilient clips were omitted and
the 5/8-in. gypsum wallbeard was nailed, 7 in. on centers, directly to the
floor joists, All joints taped and finished.

Total thickness: 8 3/8 in.
Area welght: 9.5 lb/fiz2

(a) STC = 52; IIC = 48; Fire Rating: 45 min. (est.) - combustible
(b) #==srmmmecenee »SIC = 50; IIC = 47; Fire Rating: 45 min, (est.) - combustible
(c)-———— §TIC = 38; IIC = 34; Fire Rating: 1/2 hr, (est,) - combustible
REMARKS: CAUTION - These measurements were conducted in the laboratory

where structure~borne flanking transmission was negligible. Resiliently hung
ceiling structures in field installations cannot perform as effectively unless
flanking pathe along vertical walls are minimized., (See text.)
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TYPE: WOODEN JOIST WITH INSULATION, SEPARATE CEILING JOIST

TEST REF': 6-(FIT 6)

DESCRIPTION: 2- by 8-in. wooden jolsts 16 in. on centers with approximately
3-in,-thick fibered glass hlankets stapled between joists, On the floor side,
1/2-in,-thick plywood aubfloor nailed 8 in. on centers to jeists, 25/32-in.-
thick cak wood flooring on plywood, On the ceiling aide, 2~ by 4-in. wooden
ceiling joists, 24 in. on centers, staggered batween floor jolsts; 1/2-in.-
thick gypsum wallboard nailed to ceiling joists, Joints of gypsum board taped
and finished,

Total thickness: approximately 11 3/4 in.

Area weight: 13.0 1b/ft>

ﬁ » ML 23N -
"'-\_____:,/-—“\\
N =X

STC = 443 IIC = 43; Fire Rating: 1/2 hr. (est.) - combustible

REMARKS @ These measurements were conducted in the fField. Exact

dimensions of some components not clearly specified in reference,
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TYFPE: WOODEN JOIST, CARPET AND PAD, INSULATED HANGING CEILING

TEST REF: 8- (224=14-65, 224-15-65) -

DESCRIPPION: 32« by 8-in. wooden joists 16 in. on centers, On the floor side,

1 1/8-in.~thick regular C-D rough plywood nailed 6 in. on centers along periphery

P

and 16 i{n. on centers at other bearings, plywood covered with an all-hair pad

(40 oz/ydz) and an all-wool ptle (44 oz!ydz) carpet. The total weight of the i

carpet was 4,14 1!:)/yd2 and the total thickness was 3/8 in, On the ceiling

s D1

;; side, 2~ by 4=in, wooden joiats 16 in. on centers staggered 8 in, on centers
E relative to the floor joists, 3-in,-thick fibered glass blankets stapled
*; between celling joista, 5/8-in,~thick gypaum wallboard nailed to ceiling t
E joists, All joints taped and finished and the entire periphery of the panel ‘J

caulked and sealed. The ceiling was supported independently from the floor
j structure.
Total thickness: approximately 12 3/8 in, ,

Area weight: 10.7 lb/ftz

Z Ll iy 3
i) q
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o '
i f
i o
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i N : > ]
it 2 A i ! 4 *
i3 facss eyt oL W N
4 S Teler "“"ﬂ:‘.‘\h ; N 7,-3_5:":‘5.‘: [\Iad
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§rc = 52; ILIC = 80; Fire Rating: 45 min. (est,) - combustible
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TYPE: WOODEN JOIST, CONCRETE WITH CARPET AND PAD

TEST REF: 8-(224-30-65, 224-29-65)

DESCRIPTION: 2- by 8-in. wooden joistas 16 in, on centers, On the floor
side, 5/8«in.-thick tongue-and~groove, C-D plugged plywood nailed 6 in. on
centers along periphery and 10 in. on centers at other bearings, 1 5/8-in.-
thick perlite sand concrete, approx, 72 lb/fts, over 4 mil polyethylene film
on plywood, concrete covered with an all-hair pad (40 oz/yd?') and an all-wool
plle (44 oz/ydz) carpet. The total weight of the carpet was 4,14 1b/yd2 and
the total thickness was 3/8 in, On the ceiling side, 5/8-in.-thick gypsum
wallboard nalled to joists, All joints taped and finlshed and the entire
periphery of the panel caulked and sealed.

Total thickness: approximately 11 1/2 in,

Area welght: 18,4 1b/ft>

TIPTTITSITITECTIIITI ST ISLL IS ITIIIL)

STC = 47; 1IIC = 66; Fire Rating: 45 min., (est.) - combustible
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TYPE: WCODEN JOIST WITH INSULATION, CONCRETE FLOOR, RESILIENT CEILING

TEST REF:  (a) 8-(224-31-65, 224-34-65); (b) B-(224-28-65, 224-27-65)}
(c) B-(224-22-65, 224-23-65)

DESCRIPTION: (a) 2~ by 8-in. wooden joists 16 in. on centers with 3-in.-thick
fibered glass blankets stapled between joists, On the floor side, 5/8-in.
tongue-and-grooved plywood nailed 6 in. on centers along periphery and 10 in.
on centers at other bearings, 1 5/8-in.-thick perlite sand concrete, 72 1b/ft3,
s8lab over 4 mil polyethylene film on plywood, 0,075-in. vinyl sheet glued to
concrete s8lab, On the ceiling side, resilient channels screwed perpendicular
to joists 24 in., on centers, 5/8-in. gypsum wallboard screwed 12 in. on centers
to channels; all joints taped and finished and the periphery caulked and sealed.

Total thickness: approximately 11 3/8 in.
Area welght: 17.9 1b/ft?

(b) Similar to (a) except the vinyl sheet was replaced with an
all-hair pad (40 oz/yd2) and an all-wool pile (44 oz/yd2) carpet. The total
weight of the carpet was 4,14 1b/yd? and the total thickness was 3/8 in.

Total thickness: approximately 12 in,
Area weight: 20,3 1b/ft2

(c) Similar to (b) except 1 5/8-in, Ecamed concrete, 100 lb/fta,

slab was used.

Total thickness: approximately 12 1/8 in.
Area welght: 22.1 1b/Et2

______ iy
P TITLSTLLTLL RIS ALS TA LA AT IT SIS SIS
(byale) [/ (a)

{a)—=———8TC = 50; IIC = 47; Fire Rating: 45 min. (est,) - combustible
(b)-rrommanns emonns 8TC = 53; IIC = 74

(£) — == — —- STC = 46; IIC = 85

REMARKS: CAUTION -~ These measurements were conducted in the laboratory
where structure-borne flanking transmission was negligible. Reailiently hung

celling structures in field installations cannot perform as effectively unless
flanking paths along vertical walls are minimized. (See text,)
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TYPE: WOODEN JOIST, FLOATING FLOOR
TEST REF: (a) 1~(5311, §312); (b) 1-(S407-5410)
DESCRIPTION: (a) 2- by 8-in. wooden joists 16 in, on centers. On the floor
side, 7/8-in.-thick tongue-and-groove wood flooring on approximately l-in,-
thick bitumen~bonded glass-wool quilt, 1~ by 2-in. wooden battens nailed to
underatde of wood fleoring midway between the folats. On the celling side,
1/2-in, layer of plaater on expanded metal lath.
Total thickness: approximately 10 in,
Area weight: 13 1b/ft”

(b} Similar to (a) except there was a 2-in. layer of sand,
96 Ib/ft:a, between jolats,
Total thickneas: approximately 10 iIn.

Area weight: 30 m/ft:2

T Y, T, L e L / T
A PO
-
pueses sy N
(a) (b3

STC m 443 IIC = 46; Fire Rating: 45 min, (est.). ~ eombustible
(b) somsewossiifie STC = 50; IIC = 57; Fire Rating: 45 min. (est.) - combustible
REMARKS The plotted curves are the average velues of field measurements
of four nominally identical atructures of type (a) and of eight nominally
identical structures of type (b). The ghaded areas indicate the spreads of

the measurements.
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TYPE: WOODEN JOIST WITH INSULATION, FLOATING FLOOR, RESILIENT CEILING
TEST REF: 8-(224-10-65, 224-9-63)

DESCRIPTION: 2- by 8-in. wooden joists 16 in. on centers with 3-in.-thick
fibered glass blankets stapled between joists. On the floor side, 1/2-in.
square~edged C-D rough plywood nailed 6 in. on centers along periphery and

10 in. on centers at other bearings, 1/2-in. cane Fiber board stapled 24 in.
on centers to plywood, 2- by 3-in, furring strips glued 16 in. on centers to
fiber board parallel to and midway between joists, 25/32-in,-thick wood strip
flooring, On the celling side, resilient channels, 24 in. on centers, screwed
perpendicular to joists, 5/8-in., gypsum wallboard screwed 12 in. on centers to
channels, All joints taped and finished and the entire periphery of the panel
caulked and sealed.

Total thickness: approximately 12 3/4 in,

Avea weight: 13.0 1b/ft?

UL, R, VL PO, L T W L W L L h/
e a—
4 ===
LIRS e SMISACDLIDE T F RN b A \
ly =N
TS

A ST

2 L i L A DA ALY

STC = 52; IIC = S51; Fire Rating: 45 min, (est.) - combustible

REMARKS : CAUTICN - These measurements were conducted in the laboratory
where structure«borne flanking transmission was negligible. Resiliently hung
celiling structures in field installations cannot perform as effectively unless

flanking paths along vertical walls are minimized. (See text.)
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TYPE: WOODEN JOIST WITH INSULATION, FLOATING FLOOR, RESILIENT CEILING
TEST REF: (a) B-(224-6-65, 224-5-65); (b) B-(224-8-65, 224-7-65)

DESCRIPTION: (a) 2- by 8-in. wooden joists 16 in, on centers with 3-in.-thiecl
fibered glass blankets stapled between jolsts, On the floor side, 1/2-in.
plywood nailed 6 ILn. on centers along periphery and 16 in, on centers at other
bearings, 1/2-in. cane filber board stapled 24 in, on centers to plywood, 2~ by
3~in, furring strips glued 16 In. on centers to fiber board parallel to and
midvay between jolsts, 5/8-in. tongue-and-groove, C-D plugged plywood underlay-
ment nailed 6 in, on centers at edges and 10 in, on centers at other bearings,
.075-in. vinyl sheet adhered to underlayment. On the ceiling side, resilient
channels, 24 in. on centers, screwed perpendicular to joists, 5/8-in. gypsum
wallboard screwed 12 in, on centers to channels., All joints taped and £inished
and the periphery of the panel caulked and sealed,

Total thickness: 212 3/4 in,

Area weight: 10.9 Ib/ft?

{b) Similar to (a) except the vinyl sheet was replaced with an
all-hair pad (40 oz/ydz) and an all-wool pile (44 oz/ydzj carpet, The total
weight of the carpet was 4.14 1b/yd2 and the total thickness was 3/8 in,

Total thickness: approximately 13 1/2 in.
Area weight: 11.7 lb/ft2

-~ -

PSPPI I RO RE R PRSP p b

A >
Ry &
_____ == 3 s e S CIITTIIIILP,

(a) (b)
() m————— §1C = 52; TIC = 49; Fire Rating: 45 min. (est.) - combustible.
L L — STC = 51; IIC = 78
REMARKS : CAUTION - These measgurements were conducted in the laboratory

where structure-borne flanking transmisaion was negligible, Resiliently hung
celling structures in field installations cannot perform as effectively unless
flanking paths along vertical walla are minimized. (See text.)
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TYPFE: STEEL JOIST

TEST REF: (a) 3-{721-A); (b) 3-(722-A)

DESCRIPTION: (a) B-in, steel joists 16 in. on centers. (Joists had 2-in.-

wide support flangea at top and hottom, 2 1/4-in, diameter holes 30 in. on
centers in 1/l6-in.-thick body.) On the f£loor side, 1 11/32- by 23 1/4-in.
compressed homogeneous paper pulp building board (approximate density

26.1 lb/ft'.g) nailed 8 in. on centers perpendicular to the jolsts, 1/8~in.-

thick hardboard glued to building board, a single layer of 15 1lb felt bullding

paper glued to hardboard, and 1/8- by 9~ by 9-in. vinyl ashestos tile glued
to felt paper. On the ceiling side, 1/2-in,~thick gypsum wallboard nailed
12 in. on centers with all joints taped and finished,
Total thickness: 10 1/8 in,
Area weight; approximately 8,5 11:-/f:2 (Not specified in reference,)

(b) Similar to (&) except the steel Joiats were 24 In. on
centers and the building board was 1 27/32 in, thick,
Total thicknesa; 10 5/8 in.

Area weight:. approximately 9 1b/ft2 (Not specified in reference.)

o, ..

@ / (b)
(a)——————85TC = 35-38 (est,); IIC = 40; Fire Rating: Not avallable
(D) srermmiranacmen IIC = 45; Fire Rating: Not available
REMARKS : STC entimated on basis of meaBurements of similar structures

with 2- by 10-in. wooden jolate replacing steel jolists, See F-36 and F-37.
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TYPFE: STEEL JOIST, CARPET AND PAD
TEST REF: (a) 3-(721-B); (b) 3-(722-B)

DESCRIPTION: (a) B-in. steel joists 16 in. on centers, (Jolats same as
those used in previous report.) On the floor side, 1 11/32~ by 23 1/4-in. ¥
compressed homogeneous paper pulp building board (approximate density 26.1
1b/ft3) nailed 8 in. on centers perpendicular to the joilsts; building board
covered with a foam rubber carpet pad and nylon carpet. The carpet pad had
an uncompressed thickness of 1/4 in., backed with a woven jute fiber cloth.
The nylon carpet had 1/8-in. woven backing and 1/4-in, looped pile spaced
7 loops per inch with a total thickness of 3/8 in. On the ceiling side,
1/2-in,~thick gypsum wallboard nailed 12 in. on centers with all joints
taped and finisghed.
Total thickness: 10 1/2 in,
Ares weipht: approximately 9 ll:n/f.t:2 {Not specified in reference,)

(b) Similar tc (a) except the steel joists were 24 in, on
centers and the building board was 1 27/32 in. thick. '
Total thickneas: 11 in,
Area weight: approximately 10 lbl'f.t:2 (Not specified In reference.)
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A i
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(a) / (b)
(a) STC = 35-38 (est.); IIC = 5B; Fire Rating: Not availahle 3
(B) sesemenmenannan IIC = 63; Fire Rating: Not available
REMARKS : STC eastimated on basis of measurements of similar structures with

2~ by 10-in., wooden joists replacing steel jolsts, 5See F-36 and F-37,

F-55

b e verd i = e A e

3
H



TYTl

TYTTTTTTIT TrTrTITT IR RS EREE) TITY[TTy TTTTTTTY

4K

2K

Lt

T

1K

LA )

500
FREQUENGCY, Hz

b
-

250

3
4
L

IESRI N FRSRE RSN SRR IR TI RNSNUNTETE I AT IO

125

o
~

(=] (=] L] L3
L -] 2] - ~

{4P) SSOT NOISSINSHYEL QNnas

(=]
od

-—dw.—.u—-— -jn“ﬂa- -..n—u]- -—nh&.-—ﬂ— -——|n-|-—| “
” ;4
e
;
\ Pl £
. o™
= lb‘ —
;
] A3
, ]
F
2 =2
.
=3 - —
T \n-\$ -
- o h
\-\.- S
e O
.
L -
. i
> L 4
[ -
p b
\ o o
\ 1 ™
I‘I -
w \ - s
“.‘ 1
.- v
p >3
_-_—PAW- A‘4¢—H\—|~— ——Hluln—\_ -————-\P_ _—-\F—u\—n-
w0 ws w © "
@ v - " o3 2

M2/ INAD 200070 -3y
.[8P) 13411 34ASSING INAOS LIVMI

FREQUENCY, Hz

*1/1-octave band data normalized to A, = 10m°

F-35



TR AT T e AT L

Casialfd st SOy SRanT

e T T

Ty

LN RTINS A e e o g

TYPE: STEEL JOIST WITH CONCRETE FLOOR
TEST REF: {a) 8-(136-6-63, 136-4-63); (b) B-(136-6-63, 136-5-63)

DESCRIPTION: (a) 2 1/2-in.~thick sand gravel concrete, 148 1b/ft:3. on 28
gauge corrugated steel units supported by l4-in. steel bar joists; 1/8-in,-
thick asphalt tile cemented to concrete. On the celling side, 3/4-in. furring
channels, 13 1/2 in, on centers, wire-tied to joists, 3.4 lblyd2 diamond mesh metal
lath wire-tied to furring channels; 9/16~in., coat of perlite gypsum plaster
with 1/16-in. white-coat finish.

(b)Similar to (a) except the asphalt tile waa replaced with a
carpet and felt pad,
Total thickness: 18 9/16 in,
Area welght: 40.9 1b/fe

{8) ———————2STC = 49; TIC = 35; Fire Rating: 3 hra. (est.)}
(b)sensarnnrnsnsens IIC = 64

REMARKS: The airborne 5TL measurements were made without the floor
coverings; however, these provide little additional airborne sound insulation
and the deta are applicable to the above structures, See F-537 for similar
structure with perlite concrete.
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TYPE: STEEL JOIST WITH CONCRETE FLOOR
TEST REF: (a) 8-(136-3-63, 136-1-63); (b} 8-(136-3-63, 136-2-63)
DESCRIPIION: (a) 2 1/2-in.-thick perlite conerete, 72 1b/ft3, on 28 pgauge
corrugated steel units supported by l4-in, steel bar joists; 1/8-in.-thick
asphalt tile cemented to concrete, On the ceiling side, 3/4-in, furring
channels, 13 1/2 in, on centers, wire-tied to jolsts, 3.4 lblyd2 diamond
mesh metal lath wire-tied to furring channels, 9/16-in, coat of plaster with
1/16-in. white-coat finish.

{b) Similar to (a) except the asphalt tile was replaced with
a carpet and felt pad,
Total thickness: 18 %/16 in.

Arvea weight: 23.2 1b/ft>

e

(a) STC = 47; TIC = 37; Fire Ratipg: 3 hrs, (est.)
{b) rmmseasesmuannnne IIC = 59
REMARKS : The airborne STL measurements were made without the floor

coverings; however, these provide little additional airborne sound insulation
gnd theae data are applicable to the above struectures. See F-56 for similar

structure with gand gravel concrete, 57




- t

AR A B T TR I L e et e g T AT L #TTE I - e b b gt e o R R T

TTTTRYT LI Y ..-._...~ ..-.—:—. ....—_-.. ...«-..._4 ....—n._. .m..__..— ...-—.._: ._-__—:._ ..-._..- “
b < b \\ 4
s =
o~ \ o
> - > \ -
/ = F x>
B | » i \ )
> - [ > 4
[ h Z - \ 3
(= (=3
=
s o 2
- - b= = -
. 4 £ & 4
- - - E
Q
/ o A 2
/ oY Y]
. 1// : s \x\\\\\\. ]
Ee ]
] — &
ERNERIRIREETINRTY NSRS ENET! venelasavdvsngdyses -.\_‘\.—.:. oo larsrbrcoaligas [REER ENERI SRS NI NUAT
(=] =] =] (= (= [~ ] h=d [=] f=~3 o (=) (=)
L w0 wr - [ 2] o~ L] w - -y od ——

{98] $S01 NOISSIMSKYEL ORNOS

MI/IKAD 20000 34
(891 1331 340SSI44 ANNOS 1IY¥4HI

FREQUENCY, Hz

T Y AR DA RTRTI R AT

F~58

*1/3-cctave band data normalized to A, = 10m2

R T T TR



; TYPE: STEEL JOIST, CONCRETE WITH CARPET AND PAD

i.
i TEST REF: 8-(224-38-65, 224-37-65)
I(. DESCRIPTION: 18-in. steel jolsts 16 in. on centers. On the floor side,
I 5/8-1in.-thick C-D rough plywood naliled to joists, I 5/B-in.~thick foamed
i concrete, 100 lbffta, slab constructed on the plywood; concrete covered with
| an all-hair pad (40 oz/ydz) and an all-wocl pile (44 oz/ydz) carpet. The
{ total weight of the carpet was 4.14 lb/yd2 and the total thickness was 3/8 in,
On the ceiling side, 5/8-in,-thick gypsum wallboard nailed to joists, All
} joints taped and finished and the entire periphery of the panel caulked and
[ sealed,
r Total thickness: approximately 21 1/2 in,
{ Area weight: 20,4 1b/ft:2
’ N L SOOI A A
7
; o
N
| N
'
| ‘r i
[+]
YL AL T ISLIS S LTI AT I A ST LA ST IS

STC = 47; IIC = 62; Fire Rating: 1 hr, (est.} - combustible

F-58
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TYFE: CONCRETE SLAB ON STEEL JOISTS

TEST REF;: (a) 3-(725); (B) 3-(728); (c) 3-(727)

DESCRIPTION: (&) 7-in. steel har jolsts spaced 27 in. on centers. On the

floor ailde, 3/8~in, metal rib lath attached to top of jolsts, and 2-in.-thick
poured concrete floor. On the celling side, resilient clips attached to

joistas held 3/4~in. metal furring channels 16 in. on centers; 3/8- by 16- by

B T

&

48-in. plain gypsum lath held with wire clips and sheet metal end joint clips;
7/16~in, sanded gypaum plaster and 1/l6-in. white-coat finish.
Total thickness: approximately 12 in,
Area weight; 40,2 ll:u’fl:2
(4) Similar to (a), except different resilient elips held
the 3/4-in. metal furring channels.
Total thickness: approximately 11 1/2 in.

Area welght: 39.2 “".:/..::2

(c) Similar to {(a), except the 3/4~in., metal furring channels
were wire-tied directly to the bottom of the jolsts.
Total thickness: approximately 11 in,

Area welght: 38.12 1b/ft2

(=)
(b)Y sserenersrereen §IC = 51; TIC = 35

STC = 48; IIC = 32; Fire Rating: 1 1/2 hre. (est,)

(c) — — — —m - STC = 48; 1IC = 33

- F-59
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TYPE: CONCRETE SLAB ON STEEL JOISTS WITH FLOOR COVERINGS

TEST REF: () 3-¢727); (b) 3-(727-A); () 3~(727-B); (d) 3-(727-D)
DESCRIPTION: (a) 7-in. steel bar joilsts spaced 27 in. on centers. On the
floor side, 3/8-in. metal rib lath attached to top of joists, and 2-in.-thick

poured concrete floor. On the ceiling aide, 3/4~in. metal furring channels

wire-tied to joists 16 in. on centers; 3/8- by l6- by 48-in, plain gypsum
lath held with wire clips and sheet tetal end joint clips; 7/16-1in. sanded
gypsum plaster and 1/16-in. white-coat finish,
Total thickness: approximately 1l in.
Area weight: 38.2 1b/£t2

(b) Structure (a) with 1/8-in.~thick vinyl asbastos tile
glued to concrete floor,

Total thickness; approximately 11 1/8 in. )
(c) Structure (a) with nylon carpeting and foam rubber pad
placed on the floor. The carpet pad had an uncompressed thickuness of 1/4 in.,

backed with & woven jute fiber cloth, The carpet had 1/8~in. woven backing

and 1/4-in. looped pile spaced 7 loops pet inch with a total thickness of 3/8 in.
Total thickness: approximately 11 5/8 in.
Area weight: 39.0 1b/£t”
{d) Structure {a&) with 1/4-in.-thick cork tile glued to
concrete floor.
Total thickness: approximately 11 1/4 in.
(a) ———vame——STC = 48; IIC = 33; Fire Rating: 1 1/2 hra, (est.)
(D) ieamssurasnasene IIC = 38
(c)m mm e — —STC = 46; TIC = 74

() P—— — 1IC m 47

See preceding data sheet for variations in ceiling application.
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TYPE: STEEL JOIST WITH INSULATION, CARPET AND PAD, RESILIENT CEILING
TEST REF: 8~(224-36-65, 224-35-65)

DESCRIPTION: 1B-in. steel jolsts 32 in. on centers with 3-in.-thick fibered
glass blankets placed between joists. On the floor side, 1 1/8-in.~thick
tongue-and-groove plywood (grademarked 2-4-1) natled to jeists; plywood
covered with an all-halr pad (40 oz/ydz) and an all-wool pile (44 oz/ydz)
carpet. The total weight of the carpet was 4,14 1b/yd2 and the total thickness
was 3/8 in, On the ceiling side, resilient furring channels, 24 in. on centers,
screwed perpendicular to joists, 5/8-in.-thick gypsum wallboard screwed 12 in,
on centers to channels, All joints taped and finished and the entire periphery
of the panel caulked and sealed,

Total thickness: approximately 21 in,

Area weight: 10.5 1b/ft?

i

<

RN R

RTINS

b, — ==
A LALALLLL LS LILAI ST L LIS A LTI TR T AL ITI LI

STC = 47; IIC = 69; Fire Rating: 45 min. (est.) - combustible

REMARKS : CAUTION ~ These measurements were conducted in the laboratory
vhere structure-borne flanking tranamission was negligible. Resiliently hung,
celling atructures in field installations cannot perform ar effectively unlesa

flanking paths along wvertical walls are minimized. (Seze text.)
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INDEX I, Sound Transmission Class of Wall Constructions
Type Code:
a, wooden stud £. plaster J. fiber board
b. metal stud g. gypsum wallboard k. lead
¢, masonry h, w/reailient slement 1. gypsum core board
d, concrete i. absorbent blankets or fill m, double wall
e, staggered stud
STC Type Data Sheet No.|| STC Type Dgta Sheet No,
63 d,f Wed 52 a,f,h W-41 (a)
52% b,g,] W59
62% ey f, fum W-23 52 b,g,1 W-61
60% e,d,£,m W-26 S2* b,g,1 W-64
52 b,e,g,1 W-68 (b}
56 [ W-7
S c,f W8 51 c,E,h W-18 (a)
6% g,1,1,m W87 51 a,f,h W-41 (b)
51 3,f W-44 (a)
55% b,g,1 W-62 (b) 51 b,g,h,1 W-67
55% b,g,1 W-63 5] g,1,m W-83
54% c,f,m W~22 (b} 50 e,k W-12 (b}
54 b,£f,h W-52 50 a,f,h W-41 {e)
54 b,e,g,% W68 (a) 50% b,g,] W-57
54k g,1,1,m W-86 50% b,g,] W-58 (a)
50 b,g,L W-60
53* d,£ W-2 50 g.4,1,m W~85 (b)
53 e,f,h W-15 (b)
53 a,f,h W-41 (d) 49 e, f,h W-17 (b)
53 b,g,1 W=66 49% ¢, f,m W-22 {a)
52% d,£,1 W-3 48 c,d W=9
52% c,f W=6 48 8,8,k W-28 (c)
52 e,f,h W-18 (b) 48 a,e,f,1 W-36 (b)
5a% e,f,h,1 W20 48 8,g,h W-39 (b)
52% e, £,m W-25 48 a,f,h W-40 (b)

*Field measurement,
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j INDEX I. Sound Transmission Class of Wall Conatructions (Continued)
i

3 Type Code:
% a. wooden stud £, plaster J. Eiber board
b, metal astud E. sypsum wallboard k. lead
c. masonry h, w/resilient element 1, gypsum core board
d. conerete 1. absorbent blankets or £111 m. double wall
_ e, stapggered stud
i
| STC Type Data Sheet No. || STC Type Data Sheet No,
48 b,f,k W-43 (c) 45 c,d W=10 (b)
48 b,g W-46 45 c,f W-11 (b)
48% b,£,h W-51 (b) 45 c,f,h W-16
48% b,£,h,1 W=-53 45 a,f,1 W-38
48% b,g,1 W-65 45 b,f,h W=50 (a)
48 b,f W-72 45% b,g,1 W-62 (a)
45 g,i,1,m W-84
47 d H-1 45 g,1,m W-85 (a)
47 c,f,h W-17 (a)
47% e,E,h W-19 44 c W-12 (a)
47 a,8,k W-28 (b) 4t a,f W-30 (b)
47 a,f,k W=31 (b) 44 a,e,g W-34 (a)
47 g,g,h W-39 (a) 4t a,e,g W-34 (b)
44 a,e,g W-35 (a)
47 b.£ H-4h (b) 44 a,£,h W-40 (a)
4% b,f,h,1 W=48 44 b,£,h W-50 (b)
4% B L0 W-51 (a) 44 g,1,k W-81 (b)
47 b,g W-55 (b)
! 47% b,g W-56 43 c,d W-10 (a)
’ 47% b,gsJ W-58 (b) 4% c,f,h W-18 (e)
' 47 b,f,m W-73 (a) 43% d,j,m w-21
43% e,f,m W-24
46 c.f W11 (a) 43 a,e,f W-35 (b)
46 c,f,h W=15 (a)
46 a,f . W-30 (a) 43 a,e,f W-36 (a)
46 a,f W~31 (a) 43 b,f,k W-43 (b)
46 a,f,k W-31 (e) 43 b,E,h Wed7
46 a,e,g,1 W-37 43 b,E,h W-49
46 b,f W-70 (&) 43 b,f W-70 (b}

*Fleld measurement 6




COTE LS FPEL O ST ST

.

e W

st o

INDEX I.
Type Code:

a, wooden stud

b, metal stud

¢, masonry

d, concrete

e, staggered stud

f. plaster

g. gypsum waliboard

h, w/resilient element
1, absorbent blankets or £111

j. fiber board

k.

1, gypsum core board
m, double wall

lead

Sound Transmission Class of Wall Constructions (Continued)

StIC Iype
HL2% e, f
42 e, f
42 a,f,]
42 b,f
42 b,e,f
41 a,g
41 b,£
41 b,f
41 b,g
40 c,f
40 a,g
39 a4,z
39 ag
39 b,f
39 b f,1
39 b,8
39 b,f
k| a,g
ag b,f
38 b,z
8% b,f,m
38 f

38 g,1

*Field measurement,

Data Sheet No,

W-3
W-14 (a)
W-33
W~44 (c)
W-71

W-32 (b)
W-42 {e)
W-43 (a)
W-35 (a)

W-13
W-32 (a)

W=27

W-28 (a)
W-42 (a)
W-42 (b)
W-54 (a)}
W=77 (a)

W-27

W-45 (a)
W~54 (b}
W-73 (b)
W-79 (b)
W-81 (a)

sTC
37
37
37#
37
37

36
36
36
36
36

A4
34

33
2%

31
31

29
29%

Type Data Sheet No.
a,g W-27
b,f W-45 (b)
b,e,g W-69
b,f W-75 {(a)
g,1 W=82 (b)
8,8 W-29
£ W=74 (8)
b,f W-76 (a)
b,f W-76 (b)
331 W—BO
c,f W-14 (b)
£ W-79 (a)
g,1 W-82 (a)
b,f W-77 (b)
W-74 (b)
b,f W-78 (a)
, W-75 (b}
b,f W-78 (b)
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INDEX II. Sound Transmission Class of Floor-Ceiling Constructions

Type Code:
a. wooden joist e, gypsum board ceiling
b, metal joist f. w/resilient alements
¢. conecrete or masonry g. w/aboorhent hlankets
d. plaster ceiling h, w/separate ceiling jolsts
STC ! 1IC Type Data Sheet No.||STC | IIC Type Data Sheet No.
55% | 57% | c,d,f F-14 50% | 49% | e,d,f F-29
55% | 53% | o,d,f F-19 50% [ 48*% | c,d F-16
S0 |47 | a,e,f Fe46 (b)
S4% | 64% | c,d,f F-17 (b)
sok | 51% g Pe13 50 |47 a,c,e,f,g F-50 (a)
c -
: (&l son | 4e | c,q F-20 ()
54% | 35% | ¢,d ¥-6
53 |74 £ F-50 (b agwaBE | c,d F-9
c -
82842558 ) llag {46 | ae,f,g F-40 (b)
53% [ 62% | c¢,d,f F-17 (a)
53 | s X 13 b 49 |35 | b,c,d F-56 (a)
€ 13 B fligw | 30% | c,a F-15
52 |80 | a,e,g,h F-48 49% | 26% | c,d F-5 (b
52 {51 .
o 29 B'e’i’g zz: 4% | 47% | c,d F-12
o | ug a'e’f'g F'% @ lss |33 | bye,d F-59 (<)
a,e -
sa% | 47 ,dlf F-18 Ea) il e B F-60 (o)
€1 18 () s |32 | b,e,a,8 F~59 (&)
51 8 a,e,f, F-53 (b
7 r@rta8 ® Naz {69 | ave,e,e F-45 (D)
51% | 58% | ¢,d F-7 (b)
47 |69 | b,e,f,g F-61
51% | 53% | ¢,d,f F-10
47 | 66 a,e,f F-=41 (b)
51% | 48% | e,d F-7 {(a)
sk | 47% - 47 | 66 a,c,e F=-49
51 |35 ; d,f F-59 py |[¥7 |8 | Pecoe F-38
¢ -
1e,d, ® Nars|eox | c,a F-20 (b)
50 |70 £ F-42 (b
S0% | 57% a,:.f,g F-51 (b) ATRYAGH | eyd F-5 (o)
so% | 53% - y F-ZS N R R Fe24
E -
e 47+ | 40% | c,d F~20 (&)
50% | 51% | ¢,e F-27
so | 4g% 4 F18 (b 47 |39 a,e,f F-39 (b)
c -
r 47 137 | b,e,a F-57 (a)
47% [ 3% | e,d F-5 (a)

*Field measurement.




INDEX II. Sound Transmission Class of Floor-Ceiling Constructions
(Continued)

e

Type Coda:

"ii.'é:m::u.laaa::m._,. ———

ek DA 1 e

pr—

a, wooden jolist
b, metal joist

c, concrete or masonry

d. plaster celling

e.

gypsum board celling

f. w/resilient elements
g. w/absorbent blankets
h, w/separate ceiling joists

STC
46

46

4Lo%
4%
4b%
46t
A

45
45
h5%

4y
bty
44

43%
42%

41
A1%

40

39

39+
30%
39%

IIC

85

74

47%
46%
4%
30%
24%

44
44
31%

48%
43%
25

43%

32%

38
A6*

32

58
45%
40%
37%

Type Data Sheet No.
a,ec,e,f.o F-50 (c)
b,c,d F-60 (c)
c,d F-11
a,d,f F-51 (a)
c,d F-23
c,d F-21 (a)
c,d F-21 (b)
a,e,f F=44
a,e,f,g F~45 (a)
c,d F-26
e,d F-28
a,e,s,h F=47
c F-1 (a)
a,d F-32 (b)
c F-22
a,e =43
a,d F-32 (a)
a,e,g F-40 (a)
a,e,g F-42 (a)
a,d F-33 (b)
a,d F-33 (a)
a,e F=34

*Field measurement,

T A Sl et iy ey ik bR A

STC

38
38
38

37
37

i5
5%

A

29%

57
56
34

33
32

39
3%

2%

32%

Type Data Sheet No,
a,e F-37 (a)
a,e F-41 (a)
a,e F-46 (c)
a,e F-38 (a)
a,e F-39 (a}
a,e F~36 (a)
a,e F-31
a,e r-30
a,e F-35 (a}

TR




INDEX III, Impact Insulation Class of Floor-Ceiling Constructions

Type Code:
a, wooden joist £, w/resilient ceiling element
b. metal jolst g. w/resilient floor element
¢. concrete or masonry h, w/carpeting
d, plaster celiling i. w/absorbent blankets
e, gypsum board ceiling j. w/separate ceiling joists
Data Data
IIc | 8Ic Type Sheet No. IIC | STIC Type Sheet No.
85 46 a,c,a,f,h,1 | F-50 (c) 58% | 51% | c,d,h F-7 (b)
58 | 39 | a,e,h,d F-42 (a)
84 441‘ c,h F-Z I(b) 58 351. b,e,h F_ss (ﬂ)
BO 52 a,e,h,1,] F-48 s7¢ | 55% | ¢,d,g F-14
| Bt 3
80 44"‘ C,h r-2 I(E) 57* 50% a,d,g F-51 (b)
78 | 51 | a,e,f,gh,0 | F-53 v) || 97 | 3B | aseh F-37 (a)
57 38t | a,e,h F-37 (b)
74 53 a,c,e,f,h,1 [ F-50 (b)
7% | 46 | be,dh 60 (o) || 6 |8 | meh Fr4l (a)
56% | 29+ | a,e,h F=35 (b)
70 50 z,e,f,h,1 F-42 (b)
53% | 55% | e,d,g F-19
69 47 a,e,f£,h,1 F-45 (b) 53% | 53% | e,d,g F-13 (b)
69 47 b,e,f,h,1 F-61 53% | S51% | c,d,p F-10
5% 50% | c,e,g F-25
66 47 a,e,f,h F-41 (b) 53 374 a,e,h T-36 (b)
66 47 a,e,e,h F-49
52 44t | c,g F-3' I(e)
64% | S4% | ¢ g, F-17 (B
64 | 49% | b,e,d,h F-56 (b) 51% | s4%x | e,d,g F-13 (a)
51 52 a,e,f,g,1 F~52
63 | 35t | b,e,h F-55 (b) spr | s0% | ce Fe27
% * -
62% | 53% | o,d,g F-17 (a) 49 | 52 | a,e,f,g,1 F~53 (a)
62 | 47 | be.enn F-38 49% | 50% | c,d,g F-18 (b)
60% | 47% [ ¢ d,h F-20 () [| 49% | 50% | e»dig F-29
49 | 48t | c,8 F-8 (b)
59 47t { b,e,d,h F-57 (b)

*Field measurement,
tEstimated on the basis of simllar structures,

10
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INDEX III.

Type Code;

a. wooden jolat
b. metal joist

c, cencrete or masonry

d, plaster ceiling

e, gypsum board celling

f. w/resilient ceiling element

Impact Insulation Class of Floor-Ceiling Constructions
(Continued)

g. w/resilienc £loor element
h, w/carpeting
i. w/absorbent hlankets

j. w/separate ceiling joists

iRl

Y

AR LT ) T

J——

2

e T

ey

b 1 e e i

1ic | sre
48 52
48% [ 51%
4B8*% | 50%
48% | 49%
48 44t
48 L4t
48% | 44k
47k | 52%
47% | 51%
47 50
47 50
47 48%
47% | 48%
47 48%
47% | 4Gk
46% | 50%
46 49
ChEk [ 47%
Lk | 46%
45 44t
45% | &4t
45 444
45 G4t
45% | 39%
45 35t

Type
a?elflg
c,d
c,d
c,d,g
C,8
c,g
c,d

c,d,g

c,8

a,e,f
a,c,e,f,i
2,8

¢,d
b,e,d
c,d

c,d
a,e,f,1
c,d,g
a,d,g

c
c

¢,8
c,8
a,d,h
b,e

#Fleld measurement,
+Estimated on the basls of similar structures.

Data

Sheet No.

F-46 (a)

F-7 {a)

F-16

F=-9

Fe3 I(b)
F-3 II(b)
F-28

F-18 (a)
F-4
F-46 (h)
F-50 (a)
F-8 (a)
F-12
F~60 (d)
F-11

F-20 (c)
F~40 (h)
F-~5 (c)
F~51 (a)

F-2 II(a)
F~2 II(b)
F-3  1I(d)
F-3 II(a)
F-33 (b)
F-54 (b)

43
43
43%
43%
43

L2k
G2%
42

41

40%
40%
40

39
39

38
38

37
37%*

4ht
44t
hlpk
43
35¢

47%
Ge%
44t

4ht

47%
gk
35%

47
35

48+
41

47
39%

Data

Type Sheet Na.
a,a,f F-44
a,e,f,i F-45 (a)
C,g F-3 I(e)
c,n F-3 II(c)
a,e,1,j F-47
a,d F-32 (b)
a,e F-36 (b)
c,d F-24
¢,d F-23
¢, F-3 II({d)
¢ F-3 I(a)
c,d F-20 (a)
a,d F-33 (a)
b,e F-54 (a)
a,e,f F-39 (b}
a,e F~36 (a)
b,c,d F-60 (b)
H,e,g F=43
b,c,d F-57 (a)
a,e F-34
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INDEX ITI., Impact Insulation Class of Floor-Celling Constructions

i
E {Continued)
§ Type Code:
! a, wooden Jolst f, w/reailient ceiling element
; b, metal joist g. w/resilient floor eclement
' c. concrete or masonry h., w/earpeting
i d, plaster celling i, w/abaorbent blankets
e, gypsum board ceiling }. w/separate ceiling joist
;;EJ ) . Data Datg
IIC | STC Type Sheet No. IIC | SIC Type Sheet No.
6% | 41% | a,d F-32 (a) 28% | 44t | e F-1 (d)
3% | A5% | a,e F-31
26% | 49% [c,d F-5 (B
35% Sik c,d F-G
O ' 35 51 b,e,d,f F-59 (b) 25 | b4 ¢ F-1 (a)
S 35 |49 | p,e,d F-56 (a) 23% | 44T | e F-1 (b)
3% |38 | ae.g P46 (o) || 4M| A8F e F-21 (b)
| 33 |48 | b,e,a F-59 (c)
3, 33 | 48 | b,e,d F-60 (a)
33 37 a,e F-38 (a)
32 48 b,e,d,f F-59 (a)
32% | 42% | ¢ F-22
32 40 a,e,i F-40 (a)
32 37 a,e F-39 (a)
3% | 34% | a,e F-30
o 32% | 29% | a,e F-35 (a)
I 1% | 47% | ¢,d F-5 (a)
' } 31% | 45% | e,d F-26
]
f 30% | 49% | c,d F-15
; 0% | 46% | c,d F-21 (a)
: 29 44% | ¢ F~1 (c)

*Field measurement,
tEstimated on the basis of similar structures,

12




1

BE R e AT

SUBJECT INDEX

Page
Absorbers, Sound-~w-~-=-iii, 3-1,
5-8,9, 6~7, 7-5, B-42

Access Roads--=-~-===n mm————— L
Acoustical
Colling Tile--rm=mm=mmw=- ~5-8,9
Design------ wmrmm———— 11, 1-1
Privacy---<wosrecma== 111, 1-1,2
Shielding--r-wrer=emee=- 5-1,2,3
Airborne Noise¢~---=--iil, 3-1,2,3

Airborne Sound Insulation
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Alr~Conditioning Equipment
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8-3,15,29,35
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23, C-5
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Development of==~m=w== 9-1 to 9-7
Foreign Codeg=-=~===~ 9-7 to 9-21
Noise Criteria Curveg------ 9-2,3
Recomnended Sound Insulation
Business Areag--ww--- “=m=10~13

T e

PR LVIDY e g TRERLD



SUBJECT INDEX

Page
Floor-Ceiling

Agsembliegrm-ewns=10-12
Fundamental or "Key'----10-9

Mechanical Equipment
Roomg=-=~==~~10-13
Townhounea-=-srrunoraea]10-14
Wall Partitiong==rwwm===10=9
Within Dwelling Units--10-14

Cross Talkarmnmwammmmenmnw?=17,18

Czechoslovakig-me=mmacmameman 9-10
D
Data
Explanation of==-=ra=u=a- 11-2,3
Sound Insulation-~---- Chapter 1]
Decibel=m===cmmmcemmaacamcnaa- 111
Denmarke wmwmnenmemr e rr s e e mea0-10
Diffuserg-=eoman= 7-19,20, 8-19,25

Discontinuous Construction---4-2,
5-8, 6-7, 7-2,3, 8-19

Dighwasherg----- 7-22,23, 8-1, C-6

Doorg-=-~==-= mmmmmsmnenm==6-9,10,
7-13,16,21, 8-4,19

Ducts---4-1,2, 7-13,14,16,17, 8-7

Central Return--e~=-es-- Tel2513;
17,18, 8-7

Crogs Talk in-eeaeaw-- --7-17,18
Double Wall--=rre---7-16,18,22,
B-7,41,44

Flow Velocities fin---7-14,1%,20
Turbulence in----=7-14,17,18,19

Turning Vanss in--waecaconn?-1§
Vibration ine=ce-ce-- 7-16,17,18
E
Electrical
Circult Equipmente==---- ~7-21,22

Fixtureg---4-2, B-9,11,17,18,28
Elevatorg=e==~5-4,6,7, 7-21, 8-11
England==comenmammnaaan ~- 9-10,11

Equipment, Electro-Machanical
Inatallatione=wew--5-7, 7-7,14,
16,21,22, 8-25,27,28,41
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Page

Location-eecmmmenamas 5-7, 7-13,
15,16,21,22, B8-23
Nolggrremneeaaua =—==5-5]7, 6-5,
7-12,13,14,15,16,20, C-9
Selection-==--n-o ~e-=n=5-5,6,7,

6-5, 7-15, B-28
Bquipment Roomg=---=--~7-16, B-28,

10-13
Expansion Joilntgrreeemmmax 7-16,25,
8-11,27,29,33
F
Fans
Exhaugt=smer-= 7-21,23, 8-1,4,11
Installation-=-cca= -7~21, 8-1,4
Nolggsrsrmmecmawna e ———— C-5
Selection of~==ceema 7-15, 8-11
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Fire Ratings----- 11-3, Appendix A
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Electrical--«~-= 8-9,11,17,18,28
Plumbing-~=reecrnmmmmann 7-11, 8-34
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Aflrborngr--===unau- e 4=1
Structure~Borng--=--~- wemme=f=1,2
Floorsa
Deflection ofememmanaaa “==7=7,8
Floating=e-===--7-4,5,6,8, 8-15
Inatailation==crrewanaaa -7-5,8,
8-12,15,19
Joigtgrmnmmmcccnnaane 7-8, 8-19
Mixed Conatructiong=-eese-n 8-33
Moisture Contént-e==emnme== . ]
Nalling--=ce-cccmmammnmnaun. 7-8
Sound Absorbers in
Cavitigg~ererromreaan— 7-5
Squeaking~-=-w--- e T=7,8, 8-42
Food Mixergr=rerm=en 7-2,23, C-6,8
Francgrececcamanea e —————— 9-12

Frequency Band Width-««r-me-=n9-8
Comparison of 1/1- and 1/3-
Octavese-a=a 9-8,9, 11-1

FUrnaceg==vemee=ax 7-13,14,15, 8-19
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Germany=--=- Rt L L LU R L D b
Grades, Buildingg=recmceceean 10-8
Grillegrerrroreremeamana— 7-19,20,
8-7,8,9,19,25

H

Heating Systems

Central Inatallation of-=--=7-14
Closet Installation of-~-~7-13,
14, 8-19
Noise-me===7-12,14, 8-19, C-2,9

I

Impact Insulation
Class, LIC-«=rr-- iv, B8-12,
10-5,6
Transparent Overlay-«e—=~~=~10-7
Impact Nolsew===- mmmmmenandy, 7-1
Floorgmmmeu==- 4-3, 5-9, 7-3,4,5
Sourceg=======a== 7-1,2,3, 9-5,6
Wallp-=reomcmmcmcecmmmencman 7-2

Impact Noise Rating, INR---~~10-6
Impact Sound Inoulation

In Foreign Codeg----9-7 to 9-21
Mensurement of-~-----9-6, 10-2,
3-5, 11-1

Singla-Figure Ratings--10-5,6,8
Impact Sound Pressure

Leveli~~vromnmnnn=-n-9-6,7,8,
10-2,3,5, 11-1
Incinerator Chutep===v-w- nennB-19

e bames et s e [

Page
Inertia Blocks---m-r=- iv, 7-7,16,
8-11,25,29%,30
J
Joints, Mortar and Gypsum
Board--=--4-2, 6-8, 8-3,25
Joist Installation--=mrmemn-n 8-19
L
Landscaping, Natural--~~---~5-1,2,3
Laundry Roomge==smmemma—n 54, B-28
Lighting Fixtures
Floursscente===ranmrmmnnunewf-28
Switchegwmmememmmccc e 8-11,28
M
Market Resistances~=-—-- T
Masking Nolger~reae=-a iy, 6-4,5,8,
8-28, 9-1,2,3, 1.0-1
Magsg LAy========== 5«B, 6-6,7, 7-1
Measursmentas
Impact Sound Pressure
Levelgr=m=n=- 10-2,3, 11-1
Lab va Fleld-=ecvmcenuax 11-1,2,
Appendix B
Sound Transmission Losa-~--6-3,

4,9,10, 10-1, 11-1,2

Mechanical Equipment, See
Equipment ,Electro-Mechanical

" Moisture Content in Floorg-~-7-7,

15

8-42

N
Netharlandg--r-mccnncoman- 9-12,13
Nolgormremmme e cnin e e e m e iy
Acceptable Levelg--=mmwenan 2-3,

6-6, 9-1,2, 10-8
Barrierg-=~=-~-5-2,4, 6~2, 8«34
Criteria Curvefss-cmccacaacaf=d
Indoor Ambientuwee-=w=e9-1,2 .3,

10-8, c-2
Indoor Sources-mmen~w=s1-3, §-3,
C~4 to 9
Intyuding-=-ne==-- (e




SUBJECT IRDEX

Page

Leakpmmrommmmm—a ~iv, 2-2, 4-1,
5-8,10, 6-7,8, 7-5,12,18, 8-34
Mechanical Equipment-~--7-9,12,
20, C-9

Ordinanceg~=vmerummranm=enfe],2
Outdoor Ambient-rw==u-2-3, 9-1,

10- 8, C-3

Outdoor Sourcegseracmrmmannfal,
€~10,11,12

Peak Lavelg~=~-===w= —n-w—6-6. 9-2

Problems, Causes of~~r=---~1-1,2
Reaction tow=~~=~-2-3, 6«10, 7~9

Sourceg-re===en-= 1-2, 6-1, 7-1,
Appendix C

SUrVEYg==—~m————— ~5=1, 6-6, 9-1
Traffigee=~- ——————— ~5=1,2,3,4,
6-1,2,4, 9-1, C-10
Turbulent--~~---7 11 14,17,18

Noise Control
Education in-=-~=~~1-2, 5-9, G2
Outdoorg=~=m=w=n e ——— 6-2
Within Dwellingg-=sc=wm=e==f-10

Noisy Areas, Location of--~5-4,7,
6-10
Normalization of Data~----9-7,8,16
Normalized Lavel Differences-~9-7
Norway=s=-sremrmecoaa - 9-13
0
Ordinances, Anti-Nofgew~c=rc=ml~j,
6-1,2
P
Plenum or Calming Chambera--7«17,
8-30
Plenum Spaceg~=-==--~4-2, 6-8, B-34

Plubing=~v=nwr-~~-7-1,5,6,%, 8-34
Alr Chamberg=~w=wswea-~7-12,23,
8~2,36,39
Cavitationn--—~-~~—~«~-~-~--7 g

¢ Degignecrnammrmcacemmnnane?12
Draing~e=s==~7-10,12, 8-37,38,40
Entrapped Air---------v----?-lo
Expansion and Contractien--7~10

Page

Fixturegre=r=vemea=-uy-1], 8-34
Flexible Connectors--7-7,12,23,
8-2,12

Flow Veloclty=-v=v=nw=7-9,10,11
Hammering---=r==s== 7-9,12, 8-34
In Floating Floorg==-=~--7-3,6,
8-16,36,37,38,40

In Suspended Ceilings----7-3,6,
8-36,37,38,40

Tsclation of-~~~6-9,10, 7-5,6,7,
11,12, 8-3,12,16,34

Noige ProblemBe=ene==a 4-1, 3~7,
6-3, 7-1,9,10, -8-34

Pipe Encloguref«-«====w=-==7-12

Pipe Size----- ~7-11,12, 8-34,39
Pressure Regulations---7-11,21,
8~34

PumpB=~=~a=-==-7-10,16, 829,34
Tolletg=-=wa-a-=7-11, 8-37, C-8

Turbulence inm-==-cs=~=- ~7-9,11
Valvep--c~-= 7-11,12,21, 8-34,3%
Polishers, Floor-=-=--- wenmmvmaCa]

Pratestingerecswme=ns=u=5-10, 7-20
Paycho~Acouatics-=r==x2-2,3, §-10

R
Radiow~==== wamm=f~3,10, 7-23, C~4
Rain Gutters and Spoutg=~=--- ~8-40

Recommendad Sound Insulation
Criteria---«=v=-10-2,8

Refrigaratorg-se=verneen=7-7, £-6

Rasilient Construction
Ceilings-=v=ua-n 7~4,5,6, 8-3,12,
15,17,18,20,21,22,
25,28,29,33,40,41
Elementgn~---6-7, 7-2,4,5,6,22,

8-12,17,40

Floors-=---5-8, 7-3,4,5,6,8, 11,
8-12,15,20,21,2

33,36,37,38, 40

Wallg-me=nm-n 5-8, 6-7,8, 7-2,5,

8-13,14,20,21,22,
40,46,48 ,49 50
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3-2,3, 5-2, 6-3,7, 7-3,
10,14,24, B-47, 9-1

i Page Page
: Resonance-reecmemam wmmenmiy, 7-16 Insulation=r=mcn mm—— iv, 1-1,4,
! Cabinetg==mmn=mn “mmmm———— 7-22 2-2, 5-8, 6-3,4,6,7,
g DUCEgmmmmmmmnnne e L U Y 8,9, 7-3,4,5,6,21, 8-12
v Floorgr-eeemrmmecucn. 3~3, 7-1,3 Intensity of-wecromen 2-2,3, 3-1,
5 Wallg=rremreme e -3-3, 6-7 2,3, 6-3, 7-3,19, 9-1
i Windowgesmmmeomananaan 3-3, 8-51 Leaks, See Nolse Leaks
: Reverberant Fields~---2-2, 5-8,9, Fower Qubputnrmeemx--3-3.7, &L
ﬁ 11-2 Pressure v, 2-1 5 5 1
i Reverbarstdameceeo - -8§,9, = frE4BUrgrr-esc-mem=w 3 &S Llyg, J°
3 Reverberation iv, 2-2, 5-8,9, Pressure Level---v, 6-4,6, 7-16,
n 7-16,17, 8-40
;'.: RiBErE~—mcrmcrrr———- 7-16,17, 8-41 19,20, g-5l7l 10"2t3’5
B Pete Reflection of-=-mmmmu—-- 2-2, 5-1,
i Rods, Shower and Closet--~--~8-42 2,3,4, 7-20
P Bollers. Pameseo oo e —— 8 Speed of~vrmmnmacnaa - 2-2
{ Rollers, Paper 4% Structure-Borne-~-v, 2-2, 3-1,2,
i Roofgmcccwaana- 6-3, 7-21, 8-35,42 3, 4-1, 5-10, 7-1,
i 8-11,40,42,47
! Room Arrangement------ -4,5, 6-10 140,42,
Room Arrangement 3-4,5, TE AREML S 54OM e m e m mmm e iy, 21,2
[ 3'1323 4"'1: 5'7s8a
6-9, 7-1, 8-42
Scotland-~wemmmmmmmceaaaa—a 9-13,14 Wave Propagation--~==w=« “rmm—— 2-1
Sewing Machinege-~--- =~~7-23, C-7 Sounding Board Effect-wwe--=3-1,2,
Shaverg==~=--= e ————————— c-7 7-11,21
Short Cireuiting----4-1,2, 6-7,8, Sound ng?:?:sﬂégg v, 10-1.2
- 8,17,18, 8-27,48 1 ST0=mome-n » 10-1,
9, 7-2,5,6,8,17,18, 8-27, RaEdngan e o
Silencerg-e-mmmommau. ~7-17,18,22, Transparent Overlay-—--- mnn10-4
8-7,9,41,42
Sound Transmissien Losguwn-y, 6-3,
F Site 4,9,10, 9-7, 10-1
H Building Orientation------5-3,4 Calculation of---6-3,4,9,10, 9-7
i Selection of----=w--- mummm gl Door-Wall Combination-=--- 6-9,10
¥ Messurement of-«----10-1, 11-1,2
i Skeletal Frame of ' ’
i 1ding====a-n 4-1,2, 7-1.24 Hindow-Wall
Bullding 2 7 ’i Combination-m-nmnmemnn 6-9,10
Soundme-m= ——————————— amaniy
Absorption---5-1,2,8, 6-7, 7-5, Speeche-crromnaomennan 6-3,5, C-4
;2,16518.235 8-;,42 Staircages------aa- wmm—— 5-8, 8-43
Also see gorbers ourn
Airborne-==eee--- 111, 2-2, 3-1, Stereo Sets----3-1, 6-3, 7-23, C-4
2,3, 4-1, 6-3, 7-1,19,23 Structure-Borne Noise--=-u-y, -2-2,
Attenuation===w~-= 114, 2-2, 3-1, 3-1,2,3, 4-1, 5-10,
6-3,4, 7-3,1% 1, 8-11,40,42,47
Frequency of-=e===na-- iv, 2-2,3,

Subjective Reacticn to Noige--2-3,
6-10, 7-9

Supervision--1-1, 4-1, 5-9,10, 6-9
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Swedensmramarcmmaa. alateb b LY BN 1)

Swimming Poala~---~---7-21, 10-14
Switzerland-----~---~---~----9-14

T
Tapping Maching=e-wo..9.5, 10-3,5
Telephones-=ma- n==~=6-9, B-46, C-§
Televisinns---~---~~---6-3, 7-23,

8-11,47, C-4
Tenant Placement----l—z, 5-3, 9-2
Traffic Artarieu—----5-1.4, 6-1,2
Train Noiae-—u---—------ﬁ-l, c-12
Trnnsformera~----------7-22, B-47

Trnen-----~-----------—----~--5~2

Turbulenco Noise in
Air—Conditioning/Heating
Syatems-------7-14,17,18,19
-Plumbing—---—----------~-7—9,11

1)
Undercouting---»------8-2,5,19,47

Underlayments--------~-7-4,11,16,
8-12 to 22, 8-40,47

UeBi8Rem et 09214, 15

L5
¥

Vacuum Clcancrﬂ--~--6-3, 7-3, C-7
Central System-~-------~7-23,24

Vehicle Noisa------—----5-3, 6-1,
2,4, 9-1, c-10

Ventilation--—*-------~---7-21,22

Vant Openinga-------—--------8-47
See also Diffusars and Grilles

Vibration

Inolatoru*------------5-7, 6-7,
7-2,11,&6,20,21,22.23, 8-47

Low Frnquancy---B-Z, 7-22,24,25
Measurement of-~---~---—--~-2-1
Sourcen of-«---------2-1, 7-10,
15,16,17,20,22,24

Transmission Pathgea.-. 4=3, 7-1
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Wallgmrmormonno e 5.8, 6-6, 8-48
Absorbers in Cavitisgemumenao 6-7
Cinder Block--wa- “=-64~6,7,8, B-3
Cracking pf--wemmron. —————— 6-8
Curtain--—----»----------ﬁ--3_51
Double=mmrmaemi e 6-7, 7-2,16
Exterfore-ce--wea- mmmnemmaaeefaf
Inpact Nolgem=r-mmem- L DT

Installation--~---~---»---—--6-B
Ysolated Surfaces Ofm=uef=7, 7.2
Loadbearing---~---—---~-4-2, 6-3
Massive--ﬁn—-—~——---------—6-6,7
Party-~-------~---~------~---~1v

Sealing cfn-------~--6—7,8, 8-34

Staircaae-----»—--—--~------8~45

Wind
Direction---~-------n---~---~5-1
Noige

Curtain Wa115-~-----------8-51
Risnra-----~---~----------8-41

HAndows == cemenronu g, 6-9, 8-51
Z
Zoning=se—maanas Fome . ———— 3-1, 6-1
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APPENDIX A

FIRE RESISTANCE PERFORMANCE AND RATINGS
OF WALL AND FLOOR-CEILING CONSTRUCTIONS

Prepared by Harry Shoub, National Bureau of Standards

The ratings for fire reslatance sghown for the various structures in
this gulde are based on published test data and complled 1lists of
ratinga, Where it was necessary to estimate ratings, they were derived
from the available published material and are indicated as estimates,

Fire endurance tests, which determine the ratings, were conducted
prineipally under the requirements of ASTM E119, Standard Methods of
Fire Testsa of Bullding Construction and Materials., Although deviations
from the standard precedure have occurred, malnly in early fire tests,
the differences usually have not heen of such magnitude as to affect the
validity of the results or to require any signlficant change in the value
of the ratings, Some of the ratings are hased on British fire endurance
tests, as specified in British Standard 476: Part 1, Fire Tests of
Building Materials and Structures, These tests are conducted under
methods simlilar to those of ASTM E119, with somewhat comparable criteria
of failure, However, because of differsnces in the measurement of
temperatures, the results of these tests should be considered as giving
estimated rather than demonstrated fire resistance ratings.

In conducting standard fire endurance tests of a wall, the
structure is designed to form one side of a test furnace, so that one
face of the wall is exposed to the fire in the furnaca, Floors are
placed in the top of a speclally buflt furnace in order to expose the
underside or ceiling surface to the fire, The temperature in the
furnace is controlled to follow an established time-temperature curve
having the following poilnta:

Temp, = °F Time - min.
1000 5
1300 10
1550 30
1700 60
1850 120
2000 240

The temperature is taken as the average of at least nine thermocouples
digtributed in the furnace near zall parts of the tast gemple., In the
ASTM method the thermocouples are protected in porcelain or metal tubes,
while under the British standard, the thermocouples are placed uncoverad
in the furnace, Except in tests of approximately 30 min. or less
duration, the less severe exposure of a specimen under the British
gystem would probably cause only a slight deviation in the results,
usually not ag great as that which might be attributed to experimental
error,
The minimum aize of the exposed surface of a well is 102 ftz, with
no dimension less than 9 ft, Floors must be at least 180 ft", with
neither side less than 12 £t. During the fire endurance test, a load
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intended to develop the designed working stresses in the structure may
be applied to the well or floor assembly.

The eriteria of failure, which limit the fire reaistance of a
structure, are as follows:

1. An average temperature rize of 250 degrees F sbove the initial
temperature on the unexposed surface of a wall or floor, as measured by
all the thermocouples placed under asbestos cover pads on the unexposed
surface; or a rise of 325 degrees I at any one of the thermocouples,

In tests conducted under British Standard 476, the thermocouples are not
covered. This tends to result in better apparent performance of the
structure, a fact which has been considered in making estimates of fire
endurance.

2, BStructural failure of the wall or floor assembly,

3. The passage of flame or gases hot enough to lgnite cotton waste
placed on the unexposed aurface,

The fire endurance of a structure determined from the above limiting
criterin is a4 measure of the performance of the structure in the fire
test, and in no way indicates ita suitability for use aftexr the fire
exposure,

The fire resistance of a structure is often expressed in a stand-
ardized rating system in which the categories are 30 and 45 min., and
1, 11/2, 2, 2 1/2, 3, 4, ete, hours. The 45-min, and 2 1/2-hr,
categories are sometimes omitted. When using this system, the actual
endurance time exhibited by a structure in the fire test 1s reduced
to the next lower staudard time, A rating of 1 1/4~hr. has been
indicated in some instances where the construction is better thanm that
required for 1 hr., but may not achieve 1 1/2 hra. However, some
inaquities may occur, For example, structures showing actual fire
endurance times of 3 hrs., 1 min. and 3 hrs, 59 min, will both be rated
as having 3 hr. fire resistance, while the addition of a single minute
to the endurance time of the latter will increase ita rating to & hrs.

Some of the ratings shown in the report as 4 hrs, actually represent
a considerably higher £ire endurance, but as most building codes have
requirements not exceading 4 hrs, flre resistance, raferences often
express that value as & maximum. In some instances of ratings under 1
hr., the fire endurance has been reduced to the next lower 5-min,
period, and are shown as such where svailable, The indication
“"combustible" following & rating signifies that the structure contains
combustible elements of such quantity as to continue flaming after
termination of the fire. test, or constructed with materifals that do not
classify as "noncembustible" in NFPA No. 220-Standard Types of Building
Construction, in the National Fire Codes.

In attempting to asaess the fire endurance capability of the
selected f£loora and walls of this guide, it was often found that the
structures for which sound insulation datg were available were not
strictly comparable to those on which fire tests had been performed.
Wherever possible, estimates were made of probable performances based
on similarities of construction if no identities could be found.
Estimates were made conservatively, so that possible errors would be on
the si{de of safety, In the following, some of the general considerations
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applicable to the determination of the probable fire endurance of
structures are presented,

In some cases, where the dissimilarity arose from differences in
thickness of protective materials, the expected performance could be
derived or extrapolated, WNational Bureau of Standards Report BMS 92,
Fire-Resistance Classifications of Building Constructions gives methods
of estimating the fire resistance periods fer walls of different laminar
components and for homogenecus walls of differing thicknesses. The
increased fire realstance derived from the addition of plaster coatings
on walls is also indicated.

The effectiveness of plaster as & fire protective coating is
dependent on several factors. The mix is of importance, particularly
with gypsum plasters. A richer mix gives a better fire resistance, which
also may be obtainad by the use of perlite or vermiculite aggregate
instead of sand, The mathod of application of the plaster has a bearing
on its effectiveness, as the protection it may provide is loat as soon
as the plaster falls from the fire-exposad surface. This 1s also true of
gypsum wallboards applied to increase fire resistance. Speclal gypsum
boards and coreboards are available with greater fire resistance than
that afforded by conventicnal board products.

The type of aggregate used in concrete determines to a considerable
extent its probable fire resistance characteristics. With other factors
equal, concrete made with siliceous aggregates, especially those largely
of chert or flint, exhibit the lowest fire andurance, while concrete made
with pumice or expanded slag or shale has a considerably greater resist-
ance to the effects of fire, Cinder and caleareous gravel aggregate
concrate tend to fall betwean the extremes in fire performance,

For hollow masonry walls, or hollow units In such walls, the fire
resistance is determinad principally by the thickness of the selid
material in the structure, rather than by the total thickness of the wall,

In addition to the fact that small differences in constructien may
lead to large variation in fire resistance characteristics, the estab-
lighment of astimated fire endurance times {s often complicated by lack
of knowledge of the criterion of failure by which the basic rating was
determined, It can be seen that if failure of a loaded structure
ceccurred by excessive rise of temperature on the unexposed surface, a
modification of the structure that would increase its loadbearing
capability would probably not increase the time to failure by heat
transmission,

In the following listing, by data sheat number, the fire rating, the
basis or reference for the fire rating, and pertinent information con-
cerning the given fire rating are presented, The reference is given
directly under the fire rating and is indicated by a number which refers
toe the list of fire testing referencss on p, A-17, Where possible, page,
gaction or table numbars are included in the parenthesis, It should be
noted that the values listad here as ratings sre the ratings already
assigned by recognized rating organizations, or which probsbly would
be allowed by authorized regulatory agencies,
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W-5

W-2

W-10

W-11

w-12

W-13

W=14

Rating: approximately 30 min. (est.)
1-(p.11) - 4~in. so0lid concrete wall, no reinforcement hag l-hr

rating.

Rating: 3 hras. (est.)

1-({p,111) ~ 6 in, solid concrete wall, no relnforcement has 2-hr
rating., Adding 1/2-in, sanded gypsum plaster te both sides
increases rating approximately 1 hr, 4-(p.69).

Rating: over 3 hrs. (est.)

1-(p.111) -~ 5 1/2-in, monolithie, unreinforced concrete wall has
2-hr. rating, 6-(p.ll) 6-in. siliceons aggregate concrete has

2 1/2-hy, resistance, Rating increased because of clinker
gggregate and 1/2-in, plaster on both sides.

Rating: over 4 hrs,
7-(Table 4) =~ 12-in. wall, 33 percent voids, no plaster, no

combugtible members framed in, had fire endurance of 5 hrs, 33 min

Rating: 2 1/2 hrs.
4~(p.27) - interior wall; no combustible members framed in.

Rating: over 4 hrao.
1-(p.107) =~ B-in, wall; 4~{p.27) -~ with no combustible members

framed in, rating is 7 hrs.

Rating: over 4 hras.
4-(p.27) - no combustible membera framed in, rating 1s 10 hra;
with combustible members, & hrs,

Rating: over 4 hra,
1-{p.125) - 12-in. solid masonry wall has 4-hr, rating.

Rating & hres.
1-(p.114) =~ with combustible members framed in, rating is 2 hra;

sllicecus gravel aggregate. 4~(Table 23) gives 5-hr. rating.

Rating: (a and b) 1 hr, (est,)

1-{p.114) =~ siliceous aggregate concrete with 3-in. minimum
aquivalent thickness; with cinder aggregate, nonloadbearing, &1
per cent solld, rating is 1 1/2 hrs., 1-{p.113).

Rating: (a) 2 hrs.
¢h) 1 1/2 hrs.

4=(p.31) ~ cinder aggregate; (a) 65 percent solid, (b) 73 percent

golid,

Rating: (a and b) 1 1/2 hrs. (est.)

1-{p.113-14) =~ solid block, pumice or expanded shale or slag
aggregate, Lead snd plywood in (b) will probably not increase
endurance significantly.

Rating: 3 hrs,
8-{sec. all63)

Rating (a and b) 4 hrs,
1~(p.115)
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W-15

W-16

W-17

W-18

W=-19

W=-20

W-21

W~22

W-23

W-24

W-25

W-26

W27

w-28

W-29

Rating: (a) 3 hrs.

(b) & hrs,
1-(p.115) - extra 1/4-in, plaster on metal lath will not raise
ratings 1 hr,

Rating: 3 hrs.
1-(p.115) - extra 3/4~in, plaster will not raise rating 1 hr,

Rating: (a) 3 hrs.

{b) 4 hrs.
1-(p.115) - extra 3/4-in. plaster on 3-in, gypsum block wall will
raise rating to approximately 3.4 hrs. 4&4-(p.69).

Rating: (a, b and ¢) 3 hrs.
1-{p,115) - extra 3/8-in. gypsum lath will not increase rating

1 hr,

Rating: 4 hra.
1-(p.115) ~ more plaster than required for rating,

Rating: 3 hrs. (est.)

1-(p.115) and B8-(sec., allS55) - gypsum lath on 2-in, wood furring
strips with 1 1/2-in, mineral wool blanket at least equivalent to
3/8-in, gypsum lath on resilient clips.

Rating: Not avallable.
Estimated rating, based on siliceous aggregate concrete would he

legs than 1/2 hr.

Rating: over 4 hrs.
4=(p.27) - indicates rating of 7 hrs,

Rating: over 4 hrs,
4=(p.27) indicates rating of 7 hrs,

Rating 3 hrs. (est.)
4=(p.28, table 22) - gives 4-hr., rating with greater thickness of

plaster,

Rating: over & hrs.
4=(p.29) = indicates rating of 5 hrs.

Rating: over 2 hrs. (est.)

4=-¢p.31, table 26) - 4~in. cinder aggregate block with 1/2-in.
plaster both sides has 2-hr. yating; the interior panels and
spaces will probably inmcrease endurance,

Rating 1/2 hr, - combustible
4=(p.34) - indicates rating of 40 min.

Rating: {a, b and ¢) 1/2 hr. - combustible
4-(p.34, table 30) - indicates rating of 40 min; lead sheet will
probably not increase endurance significantly - no data available.

Rating: 1 hr. - combustible
1~(p.138)
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W=-30

W-31

W=-32

W=33

W-34

W-35

W-36

We37

W~38

W-39

Rating: (8} 45 min, - combustible
4-(p,34) - with fibered gypsum and sand plaster rating is 1 hr, -
combustible, 1-(p.135)

(b} 1 hr, - combuatible
4e(p,34) = with 1:2, 1:2 gypsum and sand plaster om ggpsum lath
with no more than one 3/4-in. diameter hole per 16 in° surface.

Rating: 45 min. ~ combustible

4=(p,34, table 30) -~ 1:2, 1:2 gypsum and sand plaster; with
perforated lath or fibered plaster, rating is 1 hr, 1-(pp.134
and 135)

Rating (n) 1 hr. - combustible
1-{p.138)
(b) 1 1/2 hrs. (est.) - combustible
1-(p.137) - rating reduced because both sheets apparently applied
vertically,

Rating: 1/2 hr. - combustible
4=(p.34) - 35 min, endurance with 1:2, 1:2 gypsun and sand plaster.

Rating: (a} 1/2 hr. (est.) - combustible
4n(p,34, table 30) - with 2- by 4~in, studs, not staggered,
endurance was 40 min.
(b} 45 min. (est.) - combuatible
1-(p.38) - with 2- by 4-in. studs, not staggered, rating was 1 hr.

Rating: <(a) 1 1/2 hrs, (est.) - combustible
1-{p.137) - rating reduced because of undersize studs, and gypsum
boards both in mame direction,
(b)Y 1 hr. (est.) - combustible {nonloadbearing)
4-(p,34, table 30) - perforated lath; on plain lath, endurance

45 min.

Rating: (a) 45 min, (est.) - combustible
1-{p.135) - rating reduced for plain lath,
{(b) 1 hr. (est,) - combustible
1-{p.135) - increase in endurance from insulating £ill probably
compensates for usa of plain lath,

Rating: 1/2 hr. (est,) - combustible
4-(p,34, table 30) - 1/2-in, board on 2~ by 4-in, studs, not
staggered, had 40-min, endurance.

Rating: 1 hr, (est,) - combustible
8-(sec. 81375) - without insulating batts, endurance was 45 min,
1-(p.,34) - rating 1 hr. without battsa, with fibered gypaum

plaster. 1-(p.135)

Rating: (a) 1 hr. (est.) -~ combustible
1l-(p. 138)
(b) 1 hr., (est.) - combustible
Similar to (a); added 1/2-in., board should inerease rating.
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W-40

Wedl

W-42

W-43

W-45

W=46

W=47

W-48

W-49

W=-50

W=-51

Rating: (a2 and b) 1 hr, - combustible
4-(p.34, table 30) -~ perforated gypsum lath required; on plain
lath, endurance probably 45 min,

Rating: {a, b and c) 45 min. - combustible
4-'(p.34, table 30) -~ sanded gypsum plaster on plain lath,
(d) 1 hr, - combustible
1-(p.134) ~ perforated lath, metal clips, plaster mix 2 or 2 1/2
£t* perlite to 100 1b gypsum.

Rating: (a) 1 1/4 hr,
4=(p.34, table 31) ~ 1:2, 1:2 gypsum and sand plaster,
(b) 1 1/2 hr, (est.)
4-(p.34, table 31) - same as (a8), with endurance increased by
mineral wool batts.
{c) 1 hr.
4-{p.34, table 31) - 1:2, 1:2 gypsum and sand plaster,

Rating: (a, b and ¢) 45 min, {est,)

1-(p.128) - 1:2 1/2 gypsum and sand plaster, perforated lath,
lath ends sacured with metal finger clipa; 1:2 gvpsum and sand
plaster on perforated lath secured to 1/4-in, rods on studs,
rating 1a 1 hr,

Rating: (&) ! hr. (nonloadbearing)
1-{p.128) ~ 1:2, 1:2 gypsum and sand plaster.

{b) 1 hr, {(nonloadbearing)
1-{p.128) - 1:2, 1:2 gypsum and sand plaster.

(e} 1 1/4 hrs. (est.) (nonloadbearing)
1-(p.127) - 1/2-in. 1:2 1/2 gypsum and perlite plaster has 1 hr.
rating; rating increased for 5/8-in. 1:2 gypsum and perlite
plaster,

Rating: 45 min. (est.) (nonloadbearing)
1-€p.127) -~ with perforated lath, rating is 1 hr,

Rating: 1 hr., (est.) (nonloadbearing)
1-{p.132) - rating for single layer 5/8-in. board.

Rating: 45 min. (est.)} (nonloadbearing)
1-(p.128) - 1/2-in. gypsum and sand plaster on perforated metal
lath has l-hr. rating,

Rating: 1 hr. (est.) (nonloadbearing)
1-(p.128) - lack of perforation in lath probably compensated for
by 2-in, mineral wool blanket betwsen studs,

Rating: 45 min, (est.) (nonloadbearing)
1-{p.127) - with perforated lath, rating is 1 hr.

Rating: 45 min. (est,) (nonloadbearing)
1-(p.128) -~ with perforated lath attached with special clips,
rating 1s 1 hr.

Rating: ( s and b) 1 hr, (nonloadbearing)
1-(p.12%)

A=7
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W-56

W=-57

W-58

W-59

W-60

Ww-61

W-62

W-63

W-64

W-65

W-66

Rating: 1 hr. (nonloadbearing)
4=(p.34, table 31) - 1:2, 1:2 gypsum and sand plaster.

Rating: 1 hr. (est.) (nonloadbearing)
1-(p.128) =- plain lath probably compensated for by 2-in. mineral
wool blanket between studs,

Rating: (a) 1/2 hr. (est.) (nonloadbearing)

4-(p.34) - based on endurance of a wood stud wall.
(b} 1 hr. {nonloadbearing)

8-(sec., al205)

Rating: (a) 1 hr. (nonloadbearing)
1-(p.132)

(b) 2 hrs, (nonloadbearing)
1-(p.132)

Rating: 1 1/4 hrs, {est.) (nonloadbearing)
1-{pp. 131 and 132) - one 5/8-in. layer has 1 hr. rating; two
5/8~in, layers has 2 hr. rating.

Rating: 1 1/2 hrs. (est.) (nonloadbearing)
8-(sec, al205) - rating reduced for thinner wall board.

Rating: 2 hrs. {est,) (nonloadbearing)
B8-(sec, al205)

Rating: 1 1/2 hra. (eat.) (nonloadbearing)
8-(sec, al205) -~ same as W-57; 2-hr. rating (est.) if fire on
double thickness side,

Rating: 1 hr. (nonloadbearing}

1-{p.132)

Rating: 1 1/4 hrs. (est.) (nonloadbearing)

1-(pp. 131 and 132) ~ Two 5/8-in. layers board on 3 5/8-in, studa
has 2~hr. rating; rating reduced for narrow studs and 1/2 in.
less wallboard; partially cempensated by addition of mineral
wool insulation.

Rating; (a and b) 2 hrs. {nonloadbesring)

1-(p.131)

Rating: 2 hrs (est,){nonloadbearing)

1-(p.131) - added insulation in wall will probably not increase
endurance to higher rating category.

Rating: 2 hra. (est.) (nonloadbearing})
1-(p.131) - see comment W-63

Rating: 1 1/4 hrs. (eat.) {nonloadbearing)
1-(pp. 131 and 132) - see comment W-61.

Rating: 1 1/2 hrs, (est.) (nonloadbearing)
1-(p.131) - rating reduced because of 2 1/2-in. rather than
3 5/8-in, studas, and inclusion of combustible cork,




P A L LAt

L e pmLT A S L

W-67

W-68

W=-69

Ww-70

W=-71

W-72

Ww-73

W74

W-75

W-76

w-77

w-78

Rating: 2 hra. (est,) (nonloadbearing)
1-(p,131) - added 3-in, insulating batt may raise rating, but
data not available.

Rating: 1 1/4 hrs, (est.) (nonlocadbearing)

Similar to W-65; although 1/2-1in, less gypsum board than in W-635,
either set of the double row of studs is protected by l-in, gypsum
board and additionally by 2-in, mineral wool insulation.

Rating: 1 1/4 hrs. (est.) (nonloadbearing)
1~(pp.131 and 132) - two thicknesses 5/8-in. board has 2 hr,
rating; rtating reduced for 1/2-in. board.

Rating: (&) 1 hr, (est,) (nonloadbearing)
1-(p.128) - similar to rated panel except for greater thickness
of channel frame,

{(b) 1 hr. (est.) (nonloadbearing)
Same as (a) except that frame is formed of two 1/4~in.-thick
channels rather than one 1 1/2-in.

Rating: Not available,

With perforated lath or extra-fibered gypsum on 2 1/2-in. studs,
rating 1s 1 hr. (nonloadbearing), 1-(p.127) - narrow channel
studs probably reduce rating.

Rating: 45 min. (est.) (nonloadbearing)
1-{p.128) - endurance reduced by use of plain lath rather than
perforated,

Rating: 1 hr. (est.) (nonloadbearing)

4=(p.34, table 31) ~ dual 3/4-in., channels give approximately
J-in. airspace, and probably equivalent to regular steel studs
of similar size.

Rating: (a) 1 hr. (nonloadbearing)
1-({p.126) = 1:2 gypsum and sand plaster,
(b) 1 1/4 hrs. (est.)
1-(pp. 124 and 126) - rating increased for perlite aggregate
plaster.

Rating: (a) 1 hr, (nonloadbearing)
1-(p.124) - 1:2, 1:2 gypstm and sand plaster; 4-(p.34, table 32)
-« 1:1, 1:1 gypsum and sand plaster.
(b) 1 1/14 hras. (est,) (nonloadbearing)
Same as (4), rating increased for vermiculite aggregate.

Rating: (a and b} 1 hr. (nonleoadbearing)
1-(p.126)

Rating: 1 hr. (nonloadbearing)
4-(p,34, table 32) - 1:2, 1:3 gypsum and sand plaster.

Rating: 1 1/4 hrs. (est.) {(nonleadbearing)
1-(p,124) - Rating for 2 1/2-in. thickness 2 hrs, for 1 1/2-in,
1 hx.
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W-79

w-80

W-81

w-82

W~83

W-84

W-85

W-86

H-87

Rating: (a) 1 hr. (nonloadbearing)
1-(p.122) - 1:1, 1:2 gypsum and sand plaster, steel runmers tep

and bottom,
(b) 1 1/4 hrs, (est.) (nonleadbearing)

Same as (a) with endurance increased for extra thickness. 4-({p.69).

Rating: 1 hr. (nonloadbearing)
1-(p.119)

Rating: (a) 1 hr, {nonloadbearing)
Same as W-80
(b) 45 min, (eat.) (nonloadbearing)
Same as W-80, except rating reduced becguse of lesser thickneass
of board; effect of lead sheet unknown although 1t may act as
heat aink,
Rating: (a) 1 hr. (est.) (nonleadbearing)
1-(p,117) - reduction of core to 5/B-in. probably will not affect

fire endurance.
(b) 1 hr. (nonloadbearing)

1-(p.117)

Rating: 2 hrs. (nonleadbearing)

1-(p.116)

Rating: 2 hrs. (est,) (nonloadbearing)

8~(sec. al075) - rated wall has 1 1/2-in. insulating batta; core-
board spaced 3 in. apart.

Rating: <(a and b) 3 hrs. (est.) (nonloadbearing)

1-{p.117) and 4~-(p.69) ~ mineral wool insulation in (b) will
increase endurance, but probably not to 4 hra.

Rating:; 2 hra, (est,) (nonloadbearing)
8«(sec, a1075)

Rating: 2 hrs. (est.) (nonloadbearing)
8-(sec, alD75)
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F-1

F-3

Fob

F-8

Rating: 1 hr, (est.)
1-(p.47) ~ siliceous aggregate concrete; fire-rated fleoor has
3/4-in. protection to steel reinforcement.

Rating: 1 hr, (est.} - combustible

1-(p.47) - same as F-1; 1f failure is by temperature rise on
unexposed surface, the combustible floor surfaces applied over
the concrete may increase endurance by adding insulation,

Rating: ! hr, (est.) - combustible
Same as F-2,

Rating: 2 hrs. (est,)

1-{pp. 46 and 47) ~ with siliceous or traprock aggregate, 3/4~in.
protection to steel, or calcareous gravel or crughed limestone
aggregate, l-in, protection to steel; !!noleum floor cover
combustible, will add little to endurance; 1/2-in, fiberboard
ceiling may provide 5 min. protection te concrete,

Rating: 3 hrs. (est,)

l-(p.46) - traprock, calcareous or siliceocus aggregate and 1-in,
cover for reinforcement; 1/2-in. gypsum and sand plaster ceiling
will increase fire endurance, but probably mnot to next higher
rating.

Rating: 3 hrs. (est,)

l~{p.46) - traprock, calcareous or siliceous aggregate and 1-in.
cover for reinforcement (6-in. slab); 7/8-in, sereed and 1/2-1n,
gypsum and sand plaster may ralse rating to 4 hrs., (if failure

ils by temperature rise on unexpected surface),

Rating: 2 hrs. (est.)

1-(pp.46 and 47) - with screed, equivalent to approximately 5-in,
thicknesa (see F-4); with 3/B-in, plaster celling, endurance
probably 2 1/2 hrs.

Rating: 2 hrs. (est.) =~ combustible

1-(pp. 46 and 47) - siliceous or traprock aggregate, 3/4-in.
protection to steel, or calcareous gravel or crushed limestone
aggregate, l-in, protection to steel; combustible £looring may
increase time to fallure by temperature rise on unexposed surface,
but may decrease time to load fallure by containing heat within
slab,

Rating: 2 hrs, (est,)

1-(pp. 46 and 47) - gsee F-8; 3/8-in. gypsum and sand plaster
celling esquivalent to adding approximately 1/2 In. to &4 1/2-in.
slab., 6-(p.7)

Rating: 2 1/2 hrs. (est.)

1-(pp.46 and 47) - for aggregate and steel cover, see F-4; 1/2-in.

gypsum and sand plaster celling; equlvalent thickness of slab and
ceiling 1 5 3/4 in., 6-(p.7); noncombustible floor topping may
increase time to thermal fallure, but decrease time to load
failure, see F=-8,

A-11



F-12

F-13

F-14

F-17

F-18

F-19

F-20

Rating: 4 hrs. (est,)
3-(p.82) - 4 3/4~in, gravel aggregate conecrete, 1/2-in. plaster

eelling,

Rating: 3 hra. (est.)

l1-(pp.46 and 47) - concrete slab and topping 5 in,, 2-hr, rating;
add 1 hr., for plaster which is equivalent to 1 1/4 in. of slab,
6=(p.7).

Rating: 3 hrs. (est.)

1-{p.46) - traprock, calcareous or siliceous aggregate concrete;
1/2-in. gypsum and sand plaster celling makes equivalent thickness
of 8lab over 6 In., 6~(p.7). Wood flooring on battens will
increase endurance to failure by temperature rise on unexposed
surface,

Rating: 3 hrs, (est.)

1-(p.46) - traprack, calcaveous or ailiceous aggregate; 1/2-in.
gypsum and sand plaster ceiling and wood flooring on mineral wool
insulation may increase endurance to & hrs,

Rating: 2 hrs. (est.)
3-(pp.124 and 125) - 1/2-in, plaster ceiling; floor finish may

add to time to failure by temperature rise on unexpused surface.

Rating: 2 hra., (est.)
3-(pp.124 and 125) -~ 1 1/2-in. sereed replaces cover of tiles;
1/2-in. plasater ceiling; extra depth of tiles and wood block

flooring may increase endurance.

Rating: 2 hrs, (est.)
3-(pp.124 and 125) ~ 1/2-in, plaster ceiling; extra 1/2-in,
concrete and wood flooring may increase fire endurance,

Rating: 2 hrs. {est.)
3=-(pp.124 and 125) - 1 1/2-in. extra concrete screed, glass wool
and fleor tile may increase time to fallure by temperature rise

on unexposed surface.

Rating: 2 hrs, (est.)

3-(pp.124 and 125) - suspended 1/2~in. plaster ceiling equivalent
to aqual thickness on the slab directly; extra screed, glass wool
and flooring mway increase time to failure by temperature rise on
unexposed surface,

Rating: (a) 1 hr. (est.)

No data available for clay tile beams with concrete at sides only:
rating based on the protection to the steel reinforcement provided
by the covering concrete and plaster celling.

(b) Same as (a).
(e) Thick plaster ceiling may increase fire endurance;

plaster lath probably combustible,

A-12
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F-21

F-22

F-23

F-24

F-25

F-26

F-27

F-28

F-29

F-30

Rating: (a) 2 hrs. (est,)
5~(Dasign No., 28 - 2 hrs,) - with plaster ceiling, equivalent
thickness is 7 1/2 in,, rated desgign 1s 8-1in, total; pumice
concrete in slabs probahly compensates for lesser thickness of
floor topping.

(b)Y 1 hr. (est.)
6-(p.11) - based on equivalent thickness of 3 3/4 in,

Rating: 45 min, (est.)
6~(p.11) - silicecus sggregate concrete, minimum 5/8-in, cover
to reinforcing steel.

Rating: 45 min, (est.)
6-{p.11) ~ siliceous asggregate concrete, reinforced; without
plaster, endurance approximately 1/2 hr,

Rating: 45 min. (est,)
6-(pp.7 and 11) -~ concrete shell of beam and screed approximately
2 1/2 din.y minimum 1/2-in., gypsum and sand plaster,

Rating: &5 min, (est.)

6~(pp.7 and 11) and 2-(p.4) - approximately 2 1/2 in. thick,

plus cefling; asiliceous aggregate concrete, glass wool insulation
and wood flooring will probably increase time to faflure by
temperature rise on unexposed surface,

Rating: 45 min, (est.)

6-{pp. 7 and 11) - toctal thickness of concrete, including screed,
about 2 1/2 1in,; siliceous aggregate, 1/2-in. gypsum and sand
plaster ceiling,

Rating: 45 min. (est.)

6-(pp.7 and 11) - total thickness of concrete, including screed,
appears to be a minimum of 2 1/2 in. thick (rating 1/2 hr.);
endurance increased by plasterboard ceiling which provides 15 min,
protection to battens, 4-(p.40, table 42),

Rating: 1/2 hr. (est.)

6~(pp.7 and 11} - approximately 2-in. thickness concrete;
siliceous aggregate; 1/2-in. gypsum and plaster ceiling;
flooring on battens may inerease time to fallure by temperature
rise on unexposed surface,

Rating: Not avallable.

Total thickness of concrete and plaster about 2 in., which would
achiave a 1/2-hr rating; unless prior lead failure ocecurs;

the glass wool insulation, battens and wood flooring will increase
time to fallure by temperature rise on unexposed surface,

Rating: 15 min. (est.) - combustible

4={(p.40) - rating reduced to protection period provided by gypsum
board ceiling to jolsts because of lesser depth of jolats and
absence of subflooring and asbestos paper diaphragm.

A-13
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F-31

F-32

F-33

F-34

F-35

F-36

F-37

F-38

F-39

F-40

F-41

Rating: 15 min. {est.) - combustible
Same as F-30; similar floor falled by surface flaming and

collapse at 24 min., 3-(p.129).
Rating: (a) 30 min, (est.) -~ combustible
3-(p.128) - 5/8-in, gypsum and sand plaster; rating increased for
glass wood insulation.
(b) 45 min. (eat.) - combustible
3-(pp. 133 and 134) - 5/8-1n. cement, lime or gypsum and sand

plaster,

Rating: (a and b) 20 min., (est,) - combustible

3-(p.128) - simtlar floor with joists 15 in. on centers failed
by flame through and collapse at 27 min.

Rating: 1 hr. - combuatible

1-(p.99) - 1/2-in, plywood probably equivalent to subflooring;
celling tile probably compensates for lesser thickness of gypsum
board.

Rating: Not available

With tongue-and-groove sub- and finish flooring, rating is 25 or
30 min. (combustible}, 2-(pp.4 and 5); 1/2-in. gypsum board will
provide 15 min. protection to joists, 4-(p.35).

Rating: (a and b) 1/2 hr. (est.) - combustible

2-(p.5) - paper pulp board and hardboard may be equivalent te
3/4«in, sub-~ and finish flooring; floor finish may increase

time te failure by teomperature rise on the unexposed surface,

Rating: (a and b) 1/2 hr, (est.) - combustible
Same as F~36; extra thickness of paper pulp board probably

compensates for wider spacing of joists,

Rating: 1/2 hr, (est.) - combustible

2-(p.5) - plywocd subfloor and floor probably equivalent to
beard flooring.

Rating: (a and b) 1 hr, (est,} - combustible

1-(p.99) - plywood subflooring probably equivalent to board
flooring; screws in resilient channels in (b) probably
equivalent te nails in wood jJoists,

Rating: {a and b} 1 hr. (est.} - combustible

1-(p.99) - plywood subflooring probably equivalent to board
flooring; mineral wool batts may increase time to fallure by
temperature rise on unexposed surface, but not time to lead
failure; resilient channels in (b) for holding gypsum board will
prebably net cause a significant change in the endurance.
Rating: (a and b) 1 hr. (eat,) - combustible

1-(p.99) - same as F-39; carpeting may increase time to failure
by temperature rise on the unexposed surface,
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F-42

F-43

P-4l

F-45

F-46

F-49

F=50

Rating: (a and b) 1 hr, (est,) - combustible

1-(p.99) - game as F-39; carpeting on floor and mineral wool In
Jjoist spaces may increase time to fallure by temperature rise on
unexposed surface.

Rating: 45 min. (est.,} - combustible

2~(p.4) =~ two 1/2-in, layers plywood and 1/2-in. glass fiber
board has more fire endurance than l-in, tongue~and-groove
subflooring.

Rating: 45 min. (est,) - combustible

2-(pp.4 and 5) - 2-in, lesser depth of jolpts probably compensated
by extra thickness of gypsum board ceiling; with 2- by 10-in,
jolsts and nominal l-in. sub- and finish flooring rating is 1 hr.,
1-{p.99).

Rating: (a) 1 hr. (est.) - combustible
1-(p.99) - lesser depth of jolsts compensated by fiber glass
insulation between joists; 1-in. total plywood flooring probably
equivalent to 3/4-in, sub- and finish flooring.

(b} 1/2 hr. {est.) - combuatible
2~(p.6) - based on protection provided by gypsum wallboard ceil-
ing to folgts; f£fiberglasa insulation will provide some
protection to 5/8-in, flooring and probably will increase endur-
ance,

Rating: (a and b) 45 min. (est.) - combustible
1-(p.99) =~ rating reduced for lesser depth of joists.
(e) 1/2 hr, (est.) - combustible
2-{p.6) ~ based on protection provided by gypsum wallbeard
celling to jolsts,
Rating: 1/2 hr, (est.) - combustible
2-(pp.4 and 5 « jolsts 2-in, lesser depth than normal; glass
fiber insulation may increase resistance.

Rating: 45 min., (est.,) - combustible

1-(p.99) ~ rating reduced because of 2-in, lesser than normal
depth of joilsts; 1 1/8-in. plywood fleooring probably equivalent
to tongue~and-groove asub- and finish flooring; glass filber
insulation may increase resistance.

Rating: 45 min. (est.) - combustible

1-(p.99) ~ rating reduced because of 8-in, jolsts; plywood and
perlite concrete flooring probably equivalent to tongue-and-
groove sub~ and finish flooring.

Rating: (a, b and c) 45 min, (est.) - combustible
Same as F~49; floor coverings may increase time to fallure by
temperature rise on the unexposed surface, but endurance with
this type of floor usually limited by load failure.

A-15
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F-51

F=-52

F=56

F~57

F-59

Rating: (a) 45 min, (est.) ~ combustible
3-(pp.133 and 134) - 5/8-in, plaster; reference indicates
failure by appearance of flame on surface; glass wool insulation
may Iincrease endurance, but also may cause the jolsts, which are
1 in, less than in the referenced structure, to ¢ollapse by load
failure earlier in the test,

(b) 45 min. (est.) - combustible
Same as (a); sand may increase time to heat penetration, but
unless the weight of the sand is considered in the nailing of the
metal lath, its weight may cause early fallure of the ceiling, .

Rating: 45 min, (est.) - combustible
1-(p.99) - rating reduced because of lesser depth of jolsts;

fiber board in subflooring may contain heat and cause earlier
failure of the joists under load; same for mireral wool insula-
tion,

Rating: 45 min. (est.) - combustible

Same as F-52; plywood and cane flber board floor probably
equivalent to 1-in, tongue-and-groove sub- and finish flooring.

Rating: not available
The 1/2-in, gypsum wallboard ceiling will give approximately 15

min, protection to combustibles, 2-(p.6); any temperature rise

occurring behind the wallboard celling will be quickly transmitted

te the paper pulpboard subfleoer; no fire-retardant treatment
indicated for the pulpboard.

Rating: Not available

Same as F-54; greater thickness of pulpboard will probably
require longer time to burn through.

Rating: (a and b) 3 hrs. (est.)
1-({pp.69 and 70) - perlite plaster equivalent to vermiculite.

Rating: (a and b) 3 hrs. (est.)
1-{pp.69 and 70) ~ gypsum and vermfculite or perlite plaster;

gypsum and sand plaster ceiling rating 1s approximately 2 1/2 hrs,

Rating: 1 hr. (est.) - combustible
1-(pp.64 and 65) - 1 5/8-1in, foamed concrete topping on 5/8-in.

plywood probably equivalent to 2-in, concrete slab on meral lath.

Rating: 1 1/2 hrs. (est.)
1-(p.67) - rating reduced for sanded gypsum plaster (instead of

perlite) end plain gypsum lath (instead of perforated),

Rating: 1 1/2 hrs. (est.)
Same as F-59; floor coverings may slightly reduce time to load

fallure by contalning heat within floor structure.

Rating: 45 min., (est,) - combustible

1-{pp.64 and 65) - rating reduced from 1 hr. hecause of
substitution of plywood for concrete floor (plywood probably
does not provide equal stiffening and will retain heat in
structure, contributing to load failure of the steel joista).
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APPENDIX B
COMPARISON OF LABORATORY AND FIELD MEASUREMENTS
OF THE S50UND INSULATION OF WALL AND FLOOR STRUCTURES

I. INTRODUCTION

The results of asrly field tests gave birth to the general miscon-
ception that the agreement between laboratory and field measurements of
airbhorne sound insulation of nominally identical wall and floor strue-
tures is rather poor, It has heen stated, as a rule of thumb, that the
sound transmission loss values of wall and floor structures measured in
fleld installations may he 6 to 10 dB lower than those derived from
laboratory measurements, Unfortunately, many of the early investigations
from which this conclusiocn was drawn were conducted in an indigeriminate
mamer, under undesirable conditions and often with unorthedox or
quegtionable methodolegy. Under such e¢ireumstances, the information
derived from comparisons of laboratory and field measurements is not only
doubtful, but may be erroneous and misleading.

Before an investigator can make a meaningful and valid comparison
of laboratory and field measuremants of the sound Ilnaulating performance
of a given type of wall or floor structure, he must have a detailed and
thorough knowladge of all teat conditions and other factors beering on
the aeccuracy of measurements in both the laboratory and the field
installation, Further, he must be sure that the construction of the
field apecimen is nominally identical in all respacts to that tested in
the lahoratory. Such asssurance can only be obtained by personal
obaervation of the construction and installation of the test specimen
in both the laboratory and field installaticns, The investigator should
not rely solely on building drawings, since wall and floor structures
shown in such drawings are not necessarily identical te those which are
eventually erected in the building,

In this connection, it might be useful to review the significance
of conducting sound insulation measurements in both laboratory and field
{nstallations and briefly summarize the conditions of test and factors
which affect the outcome of such meagurements,

II. LABORATORY MEASUREMENTS

In laboratory measurements of the sound insulation of wall and
floor gtructurss, thea test specimen fs carefully conatructed, installed
and properly sealed in 8 test opening between two massive highly-
reverbarant chambers, usually of masonry or concrete construction. Such
chambers are specinlly designed and constructed to ensure that the gound
being measured is only that which is transmitted directly through the
test spacimen and that the transmission of sound by any indirset or
flanking path around the spacimen is negligible, As a result of such
special pracsutions and carefully controlled conditions, the laboratory
test provides a measure of the optimum inherent scund insulating
capability of a wall or floor structure, The reproducibility of
laboratory weagurements on different test samples of nominally idantical
wall or floor structures is within 1 to 3 dB at any given frequency and
within equal or better limits in terms of an average or single-figure
rating such as the Sound Transmission Class, STC,
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Within certain limitations, wall or floor structures tested in the
laboratory can be deliberately modified to simulate field conditions
and conventional building practices, For example, measurements can be
made of the effects on the sound insulating behavior of a test wall due
to (a) variations in the quality of workmanship and conatruction tech-
niques, (b) the inetallation of plpes or conduits within the wall and
(e} specific types of socund leaks, such as caused by the omission of
perimeter caulking, poor joint taping and the installation of electriecal
cutlets and plumbing fixtures,

ILI. FIELD MEASUREMENTS

The primary objective of conducting field measurements usually is
to check the performance of wall and floor structures within a building
for conformance with specified sound insulation eriteriam, Such meas-
uremants frequently are difficult to perform because in most field
installations the conditions of test drastically depart from the closely-
controlled ideal conditions found in the laboeratory.

The main departures are as follows:

(1) The wall or floor under test in the fleld becomes an integral
part of the building complex because it is structurally couplad to the
gkeletal frame, adjoining walls and floors or other structural components
of the building. As a consequence, the test specimen often is subjected
tc stresses which rasult from the support of the dynamic and static
loads and the action of shearing forces within the building and which may
effect the sound insulating performance of the test specimen,

(2) Flanking sound transmission paths exist in most field instal-
lations. Flanking paths for structure-horne nolse and vibration are
formed by the structural ties of the various walls, floors gnd building
clements. Flanking paths for airborne noime are open corridors, ducts,
ceiling plenums, entrance foyara and staircase halls which are common
te or connect adjoining dwelling units.

(3) Direct air or sound leaks exiat in mest bulldings, particu-
larly around pipe and duct penetrations, electrical and plumbing outlets
and perimeter edges of the wall or floor under test.

(4) Unlike laboratory facilities in which the dimensions of the
test chambers and specimens are fixed, wide variations in wall areas,
floor spens and room sizea and configurations are common in field
installations,

(5} 4Among some of the other unfavorable conditions commonly found
in the field are inadequate diffusion of sound, variable degreas of
gsound absorption and high unsteady background noise levels in the rooms
in which tests are to be conducted,

(6) Test procedures frequently are modified or improvised depend-
ing on circumatances and conditions encountared in the field,

All of the above departures tend to reduce the reproducibility and
accuracy of field measurements, However, the most serious sources of
error associated with field measurements generally are the flanking
transmission. paths and direct sound leaks which create higher sound
pressure levels on the recelving side of the test wall than would be
produced by the transmission of sound directly through the wall alone,
These higher levels give the arroneous indiecation that the sound
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transmission loss of the test wall is lower in value than that cbtained
in the laboratory. Such low values often are obtained in the field even
when construction of the wall structure itself conforms exactly to that
tegted In the laboratory, Lower sound transmission loss values also
occur in the f£ield because walls are not built according to specifica-
tions or careless workmanship nullifies their good sound insulating
capabilities,

IV, REQUIREMENTS FOR CONDUCTING COMPARATIVE TESTS
Based on the foregoing, it is obvious that better agreement betwaen

laboratory and field tests can bhe achieved {f certain requirements and

precautionary measures are observed, First and foremost, sound insulation
measurements in the fie=ld should be made under conditions approaching as
closely as posaible those found in the laboratery. This implies that:

{(a) the construction and installation of the test apecimen in the field
must conform exactly in every respect to that tested in the laboratory,
other than in area or size, This can be determined best by personal
obgervation of the specimen construction particularly in the field,

(b) precautionary measures must be taken {n the field to ensure that all
sound flanking and leakage paths are minimized for greater accuracy
and precision,

(e} measurements should be made in unfurnished and preferably reverberant
rooms which are completely enclosed and of moderate size and simple
geomatric configuration, Because of the difficulties of obtaining
accurate results, medsurements in arsas such as closets, corridors
or rooms which are very small, partially enclosed or have unusual
deaigne or configurationas should be avoided,

{(d) airborne sound transmission loas measurements in both the laboratory
and fleld installationa should conform as closely as possible to the
"Tantative Racommended Practice for laboratory Measurements of
Alrborne Sound Transmiasion Loss of Building Partitions", ASTH
Deaignation E90-66T of the American Soclety for Teating and Materinls,
A method of test dealing with £ield measurements is currently under
development in a subcommittee of the ASTM, Future fleld testa
should be made in accordance with this method after it has been
adopted,

(e) measurements of impact sound transmisaion in both laberatory and
field installations should be made in accordance with a method
currently in use at the National Bureau of Standards, This method,
which 18 also presently under conseilderation by the same ASTM sub-
committee, is based in part on the uyse of a stendard tapping machine
as specified in IS0 R140-1960(E), "Filald and Laboratory Measurements
of Airborne and Impact Sound Transmission,' January 1960,

(£) data from field measurements must be normalized to the same reference
base as that used for the laboratory data.

V. COMPARISONS OF RECENT LABORATORY AND FIELD MEASUREMENTS

A detailed analysis was mande of airborne and impact sound inaulation
data which were obtained from recent laboratory and field measurements
conducted on nominally identical walla and floor-ceiling assemblies,
Only those data were used which wers obtained under the most favorahle
laboratory and fileld conditions and which most closaly fulfilled the
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above requirements., Some of these data were obtained from multiple tests
performed on nominally identical specimens in both laboratory and field
installations. Such tests gave a reasonably accurate indication of the
reproducibility of laboratory and fleld results, as well as a more
reliable determination of the sound insulating merits of the various

test specimens involvad,

Since both wall and floor-celling structures were involved in this
investigation, separate comparisons of the laboratory and field test
results were made for each type of struecture, In the cage of wall
structures, cowmparisons were made only of the airborne sound transmission
loss measurements, With regard to floor-ceiling structures, lsboratory
and field measurements were made of both airborne sound transmission loss
and impact sound transmission, Separate comparisons were conducted for
each type of measurement.

As a matter of convenience, the conclusions of the various laboratory
and f£ield test comparisons are reported in the order mentioned above,

VI. CONCLUSIONS

A WALL STRUCTURES: AIRBORNE SOUND INSULATION

1. When the conditions of test outlined in Section IV are met
as closely aas practicable, the agreement between the rasults of laboratory
and field tests is generally as good as the reproducibility of laboratory
test data on two individual walls of nominally identical construction.
The sound transmission loss values obtained from field measurements
generally agree within 1 to 3 dB of those derived from laboratory
measurements, at any discrete frequency band. In terms of a single-
flgure rating; such as the Sound Tranemission Clams, STC, the agreament
between laboratory and field data is within one or twe points.

2, If peveral different types of wall structures are tested in
the field, the rank ordering of the structures in terms of their airborne
sound insulating merits i{s found to be identifecal to the rank ordering of
the same wall structures tested in the laboratory.

3, On occasions, walls tested in the field will register sound
transmission loss values which exceed laboratory values by 1 or 2 dB,
These higher values occur when the fileld specimen is substantially larger
than that tested in the laboratory. Tor a given type of construction, &
large wall tends to be less stiff and thus may provide more sound insula-
tion than a small wall,

4, Both load~bearing and nonlomd-bearing walls with good airborne
sound insulating capabilities can be constructed and installed in the
field at nominal cost and in full conformance with established building
construction digeciplines and codes. However, in order to achieve optimum
performance it is imperative that the workmanship be carefully supervised,

A word of caution is offered at this point, so that the naive
individual might not make the basic assumption that the field measure-
mentas of existing wall or floor constructions are always found to be in
close agreement with laboratory measurements. This 1s not the case at
all!l In fact, field measurements on existing wall or floor structures
constructed with typical or normal workmanship would be as much as 8
to 10 4B lower than those obtained from laboratory wessurements,
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Close agreement between laboratory and fleld measurements is possible
only when the test specimens are of ldentical construction and the mame
isolating techniques used in the laboratory installation are used in the

fleld.

B FLOOR-CEILING STRUCTURES: AIREORNE SOUND INSULATION

Virtually the same conclusions as above can be drawn regarding the
agreement between the results of laboratory and field airborne sound
ingsulation measurements on f£loor-celling structures of nominally
identical construction, This epplies to all types of floor-ceiling
structures including those which utilize floating £loor systems and/or
realliently hung ceiling assemblies,

¢ FLOOR-CEILING STRUCTURES: IMPACT SOUND INSULATION

Unfortunately, in this investigation, it was not passible to
determine the quantitative differences between the results of laboratory
and field measurements of impact sound insulation, because of the lack
of sufficient body of authentic and authoritative data, The scarcity
of data 1s due primarily to the fact that a strong interest in impact
testing did not develop until just recently. As a consequenece, many of
the new f£loor-ceiling apecimens tested in the laboratory have not as
yat been used in the field, to any great extent, Furthar, tha wide
selections of floor surfacing and covering materials lessen the proba-
bility of finding identical floor-ceiling specimens on which to make
laboratory and £leld comparisons, Unlike measurements of airborne
aound insulation which are not seriously influenced by minor variatiens
of mass or edge restraints of the test spe¢imen, impact sound insulation
is strongly depandent on the resilient characteristics of the floor
surfacing material, the construetion of the structural fleor and the
degree of its vibrational isolation from the building structure,

In laboratory messurements of impact sound transmission, the floor-
celling specimen {8 structurally {sclated from the recefving room to
engure that the impact sound being measured is only that which is trans-
mitted directly through the teat specimen and that the leakage of sound
or sound transmission by any Indirect path is negligible, Thua, the
laboratory test provides & measure of the optimum inherent impact sound
ingulating capabilities of a floor-celling structura.

In the field, the floor-ceiling assembly is an integral part of the
building complex which ia structurally bonded to load-bearing walls and
other supporting structures of the building. Such rigid ties form
numerous flanking paths for impact nolse. As a consequence, a substan-
tial amount of impact sound energy may reach a recelving room by flanking
transmigsion through the walls enclosing it. In buildings of wood frame
construction, the total Iimpact nolse radiation frem the walls of the
receiving room often may be na great or perhaps even exceed that from
the floor-ceiling epectimen under test, As a result, the impact sound
insulation of a flpor-ceiling specimen tested in the £ield may appear to he
substantially lower than that obtained for the same type specimen tested
in the laboratory, This is particularly true in the case of floor
gtructures with resiliently hung ceilings, The flanking paths generally
by-pass the suspended ceiling and thus render it ineffectual.

The sound ingulation values of floors tested in the field generally
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will be lower than those obtained from laboratory tests, sinece the
desired vibrational isolation of the floor from the bullding can not be
achiaved to the same degree as it is in the laboratory, BSuch isolatien
ia difficult to achieve in practice because floor structures require
support, and as & consequence the vibrational isolation is rendered lesa
effective at the points of support. Howovaer, some floor-ceiling con-
structions have been developed which improve the acoustical decoupling
and presserve the structural support raquirementa. One guch conatruction
consiats of a structural support floor on which a floating floor ia
erected and From which a gypsum board ceiling is suspended by resilient
hangers, This construction used in conjunction with support walls
employing resiliantly mounted surfaces generally provides the beat
impact sound insulation, It is estimated that the agreement between
laboratory and field tasts for such construction would be within 1 or 2

pointa,
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APPENDIX C

' P_,M"‘ A SUMMARY OF NOISE SOURCES

In order to obtain a better understanding of the character of the nolge
produced by various appliances and other sources, an extensive survey of
acoustical literature wasz made for information concerning the intensity and
frequency distributien of the sounds produced by such sources of noise.

The following pages contain graphical representations of the noise
intensity as & function of frequency of some of the more common noise sources
found in and around the home, Some of the data were obtained from laboratory
measurements where the acoustical environment was known or could easily be
determined, However, the largest portion of the data wag cbtainad in actual
installations where the acoustical environment was unknown, For this reason,
the information is presented as ohtained from the literature with no attempt
to normalize to a reference reverberation time or reference space absorption,
The sound pressure levels should therefore be interpreted as the measured
levels of some sources in thelr particular environments; i,e,, the same
sources in different installations could well produce greater or lesser noise
levels as the case might. be,

A numbered bibliography of references used in this survey of noilse sources
appears at the end of this section. Information contained in each graph was
obtained from those references identified by number in the caption of each graph.
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As seen In tha graph on the left, the
noise output from a Jet is greater from
behind than in front. Measurements
made in front of both types of alr-
craft may tend to favor the jet as less
noisy, as shown on page C~12., The jet
would have appeared to be nolsier 1f
similar measurements were made behind
the take off point. In the comparisons
illustrated in the above graphs, it
appears that the jet is noilaler.
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Alrplane and Frain Noise Levelsn
(in octave bands)
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