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PREFACE

p

This document is offered to the FHA insuring offines_

•_ as well as to the architects and builders doing business with

FHA_ as a clear, concise and readily usable guide to the con-
"_ trol of Impact noise in multlfnmily dwellings. It does not ,.
_ in any way amend or supplant the Minimum Property Standards,

The Technical Study through which the guide was established
is considered by prominent ind£vlduals in the field of acoustics
to be a genuine pioneering effort by FHA. The work has resulted
in the development of the first impact noise level criterion

_var presented for use in this country. The compilation of
specific noise isolation performance data and the information
on proper architectural detailing resulting from the study are
also the first of their kind in this country,

The scope and severity of the impact noise problem were
recognized by Mr. William S. Brown of the Standards Unit who
asked the Studies end Experimental Houslng Unit to seek a
solution, As a first step_ the problem was submitted to the
Technical Studies Advisory Committee appointed by the Building
Research Advisory Board of the National Academy of Sclences"to
advise FHA on the handling of technical problems, Pursuing the
advice of _hat Committee to contract with a well-recognlzed
acoustics consultant, FHA selected the firm of Bolt Beranek end
Newman to do the work necessary to produce this guide by the
methods described herein. Direction and management of the pro-
Ject were provided by Messrs, James R. Simpson! Bernard T. Craun
and Robert J. Miller of the FHA staff. The eontraetorfs principal
staff consultant was Dr. T. J, Schulte.

-r The control o£ impact noise in apartment unite is in the
_nterest of the occupants, the owners and FHA, Privacy end peace
of mind ere much enhanced for the occupants. A hlgber percentage

of steady occupancy and better return on investments are promoted
for the owners, Better protection of the Commissloner|s risk
results for FHA.

-_ Included in the pages of this guide in the order shown

are (I) a brlaf discussion of noise principles, (2) a descriptionof the impact noise problem i_ multifamily dwellings and FHA's
!
i approach to a solution, and (3) tools which can be put to practical, use in controlling impact noise, along with an explanation of how
i to use the tools. This material should serve as n valuable aid toI
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: This document is offered to the _HA innurln8 efflees,
i:i. as well as to the architects and builders doing business with
_i FHA, as a clear, concise and readily usable guido to the con-
', trol of impact noise in multifemily dwelllnss. _t does not

_!! in any way amend or supplant the Minimum Property Standards.

The Technical Study through which the guide was established
is considered by prominent individuals in the field of acoustics_t

i to De a genuine pioneerius _££o_t hy FIR. The work has resulted
_I in the development o£ the first impact noise level criterion

ever presented for use in this country. The oompllatlon of
specific noise isolation performance data and the information

:_ on proper architectural detailing resulting from the study are
also the first of their hind in this country.

_i The scope and severity of the impact noise problem were
"I recognized by Mr. Willlam S. grown of the Standards Unit who
,t asked the Studies end Experimental Houelng Unit to seek a

i solution. As a first step, the problem was submitted to the
!
,! Teehnloal Studies Advisory Committee appointed by the Buildlng•. Researoh Advisory Board of the National Academy of Sclence_'to
i_ advise FHA on the handling o£ technical problems. Pursuing the
il advice of that Co.elites to contract with a well-recognized
:_i acoustics consultnnt_ FHA selected the firm of Bolt Beranek and
:; Newman to do the work necessary to produce this guide by theI
':ii methods described herein. Direction and management of the pro-
?_ Ject were provided by Messrs. James R. Simpson, Bernard T. Craun.j
_ and Robert J. Miller of the FHA staff. The contractor's principal'i
::i staff consultant was Dr. T. J. Schultz.

i. The control of impact noise in apartment units is in the
:_} interest of the occupants, the owners and I_{A, Privacy and peace

of mind are much enhanced for the occupants. A higher percentage
of steady occupancy and better return on investments are promoted
for the owners. Better proteotlon of the Commlssioner's risk
results for yHA.

._. Included in the pages of this guide in the order shown

._ are (I) a brief discussion of noise principles, (2) a description
/ of the impact noise problem in multifamily dwellings and FHAIs

'} approach to a solution, and (3) tools which can be put to practical
[ use in coatrollins impact noise, along with an explanation of how

_i to use the tools. This material should serve as a valuable aid to
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those responsible for designing and constructing multifnmily
residences so as to Isolate impact noise. Some of the theory,
calculationsj codes and other basic information from which the
tools mentioned above were derived are contained in a separate
report submitted to the FI_ Central Offlce by the contrnetor.

!-
Thetransmission of airborne noise through walls and q.

floors is another recognized acoustics problem, That problem ,,
is partially dealt with in this guide inasmuch as floor-ceillng "'
construction features useful in controlling impact noise limit
the transmission of airborne noise as well. Future additional
work on the control of airborne noise is contemplated, i!"

The benefits realized by the public from this and other ii
FHA Technical Studies are without cost to the taxpayer since !:
FHA is an entirely self-supportlng agency. 'i
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!? I NOISE PRINCIPLES

!i_ A. What Is Impact Noise?
%%

Thls Guide talks a great deal about impact noise and

its prevention, so first, let us clear up what We mean by

_ "impact noise" and "impact isolation", and describe how

these quantities can be assessed. We can usefully contrast
!.L
IT impact noise with the more familiar airborne nolse, which

i_ produced by a sound source such as s musical Isstrthment,

i;: a human voice, a dog barking, a TV or radio set or an auto

!! horn. Inside a house, such airborne sound waves radiate

_i outward from the source, through the air until they strike

.; a wall, floor or ceiling which is sat into vibration by

the fluotuatlng pressure of the sound wave in the al_.

;Z Because the wall vibrates, It radiates sound Into the air

i_i on the other side: such sound, of course, may intrude

upon the privacy of the people in the nelghborlng room

and constitute an annoyance. This airborne transmission

problem Is usually mlnimizcd by making the party wall

massive or of a complicated structure; very little improve-

ment Is gained by altering the surface finish of the wall

(or floor).

_ By contrast, impact noise is caused by an object

striking or sliding on a wall or floom structure, such

I_ as footsteps, dropped toys or cooking pans, moving furnl-
, I

ture or door-slsmmlng; it msy also be caused by some appli-

& amos which communicates its own vibration to the building

L.J structure by dl_ect meohsnlcal contact, such as a dishwasher,

;_! tollet_ bathtub, shower, food-dlsposal apparatus oF othe_,

_! motatlng machinery. In all of these cases the floor (or wall)

:; is set into vibration by direct impact or mechanical contact,

:<!
!i



and sound is radiated from both sld_s of the floor. We

will see that, for this type of noise, the surface of the

floor is very critical as regards the amount 09 noise

genemated.
In this Guido we a/no speclfloally concerned with Im-

pact isolation of floor/ceillng struotumes, and hence with _;

footstep-liMa sounds; nevertheless we will also make SUE- !

gestions intended to show the principles by which all impact !
sound can be controlled.

B. How Do We Assess Impact Noise?
i

Methods fom measuring impact noise and assessing impact

isolation may be better undemstood by contrast to the pro- !_

sedures for measuring airborne sound, whlch most people

grasp quickly. _len we wish to measure the airborne sound

attenuation of a party wall, we produce in the room on one

side of the wall a steady sound which contains energy at

all frequenolea of interest. The sound levels are measured,

at all l_"equenclee, on beth sides of the wall and the dif-

ference between the sound levels on the two sides is a

measure of the isolation provided by the wall: the greater

the difference, the better the isolation.

But this method doeenlt work with impact noise. In fact,

the airborne noise in the source room due to impacts on the

floor bears little relation to the noise radiated into the

room below. One can see this intuitively by considering a

concrete slab on which is floated a eimple plywood floor

resting on a thick soft blanket of some kind: thie floating

plywood floor drastically reduces the sound of footsteps

communicated to the room below because of the soft blanket,

but the free-floating plywood may actually amplifY the sound

!
J
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of the impacts on it as heard in the upper room. On the

other hand, the addition of carpeting to the slab, instesO

of the floated plywood, would reduce the impact sound in

both upper and lower rooms. Obviously, then, the difference

in airborne sound levels on the two sides of a floor is not

a valid measure of impact isolation.*

W_ use instead a s_andard means of generating constant

_d known impacts. Bylnternatlonal agreement _*, the isola-

tion against impact noise provided by a given floor/ceillng

construction is determined by means of a standard "tapping

mschlne=, which produces a series of uniform impacts at a

: uniform rate on the floor under test. The Impact Sound

Pressure Level (ISPL, measured in decibels, or "db") pro-

duced in the "receiving room" below by this standard tapping

on the floor is measured and analyzed into different bands

of frequency, so that a curve can be plotted showing how

the sound energy in the resolving room is distributed over

the audible frequency range: the lower the sound levels in

the room below, the better the flsor/ceilingoonstruction.

Zt is assumed that a construction which will transmit little

noise with the standard tapping machine will also give low

noise with other types of impacts.

Until a standard for the measurement of impact noise is

adopted for the United States, the FHA will use the ISO

• standard mentioned above.

* Nevertheless, this scheme was used for several years by

competent laboratories.

'ii ** ISO Recommendation #i}_0-1960 "Field and Laboratory Measure-
. manta of Airborne and Impact Sound Transmission.'

-3-
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II THE IMPACT NOISE PEO_T._M AND FHAIS APPROACH TO A SOLUTION

A. The Reasons for This Guide

The e_rent building trend to lightweight structures, the

increasing concentration of dwellings, pamticularly in urban

areas, and the increasing noisiness of cup envlz.o_m,e**5 have _
led to a growing number of complaints to the FHA of inadequate

sound isolation in multifamily dwelllngs. As people become

more aware of the problem and more sophisticated in their

appreciation of the benefits which careful attention to noise

control can provide, they will expect and demand mome privacy

in their homes and greater freedom from the intrusion of noise

from neighborinE dwellings.

Throt_h the development and preparation of this Guide,

FHA has t_¢sn the initiative in provlding architects, designers,

contrastors, builders and public housinE officials wlth needed

assistance in meetinE the growing public demand, particularly

with respect to the control of one of the most annoying kinds

of noise: the sound of footsteps, dropped objects, and other

_/npaots, which are transmitted throughout a multlfa_ily dwell-

i_ by vibration of the buildinE structttre. These provisions

are the first serious impact noise control measures to be

promoted in the U.S.A.

The control of airborne sound (radio/TV, talking, traffic

noise, etc.) is also very important, but since less informa-

tion on impact noise is currently available in this country,

this problem will be dealt with first. It should be noted,

however, that some of the measures recommended to reduce

impact noise will also help to control the transmission of

airborne noise thro_h the floor/ceiling construction.

,r
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B. How Much Isolation Should A Floor/Ceilin_ Construction

Provlde?

The United States is one of the few highly developed

countries of the world which do not have in their buildlr_

codes some kind of requirement for the control of noise.

In earlier times, here as well as abroad, building construc-

tions were heavier, multifamily dwelll_ w_re fewer', and

privacy and noise problems were not severe. Since 1938,

however, more and more countries abroad have become con-

cerned over the intrusion of noise and its effect on the

health and happiness of their people, and have instituted

control measures, based on the results of careful and ex-

tensive programs of study. Measurements of the existinE

impact noise isolation in actual dwellings have been com-

pared with the results of detailed interviews with the

tenants in literally thousands of cases.* From this in-

formation, the various countries have established require-

ments which differ somewhat in detail but which are basic-

ally similar.

Lacking data which bear i_medlately on the situation

in the United States, the FHA has sponsored a careful exami-

nation of these foreign codes and studies** and has adapted

_o thousand in England, 500 in Sweden, and 1280 in the
Netherlands, to mention the best documented studies.

%
** The codes most influential in the development of the FHA

recommendation Wore the German (e) and (3), the Dritish (i),
: and the Swedish (6) (the numbers in brackets refer to items

in the blbliogra_h_); but codes and studios from the follow-
ing countries were also considered and taken into account,
both in the selection of an impact noise criterion and in
the estimation of performance data for American floor con-"
structions: Austrias _ulgaria, Canada, Caeehoslovakias
Denmsl"k, Finland, France, Netherlands, Norway, and useR.

-5-



thn results to the needs of the American people, cnnnider-

i_ Ing the significant differences in population density,
living habits, noise environment, tolerance for noise, con-

struction costs, etc.

First we have acknowledged that Amerlc_ns do in fact !

enjoy, and are conscious of enjoying, a hi_her standard of

living _n mos_ thlng_ than their h_ropman counterparts. It

is appropriate that thin fact should be reflected in the

acoustical comfort of their homes: in the present cane,

more freedom from impact noise from adjacent dwellings.

On the other hand, the number of inhabitants per multi-

family dwelling in this country is less than in Europe, so

that the amount of occupants' impact noise to be combatted

may also be less --- excnpt that there is reason to suspect

that American children tend to be rowdier and their parents

more addlcted to high lintenlng levels for hi-fi, TV and

_. radio than their Etu"opman cousins.

While living habits arc quite different on the average

between this country and Europe, these dlfferencos apply

least of all to apartment dwellers, partleularly to those

with children. It is a stay-at-homo llfe: people stay at

home to make noise and to be annoyed by it.

W_ must distinguish here between two types of noise.

The flrnt is the ambient noise environment: the quiet,

neutral, background noise from flowing traffic or air-

conditioning equipment to which we rapidly become accustomed

and eoondo not notice at all. This background noise is an

exceedingly important element in all noise control situations

for it helps to mask the sporadic intruding _ounds. Fnr

example, an intruding noise which would be intolerable in a
;z
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quiet country village might go completely unnoticed in an

apartment so a busy street, where the continuous ham of

trafflc masks out the noises from next door without itself

seeming unpleasant. It is a major failure of all exlstin_

codes that this fact is not taken into consideration; they

all, in effect, specify a maximum amount _f l_paot sound <i

whish, they i_ply, will be admissible in any dwelling, what-

ever the ambient noise. The FHA has not yet undertaken the

extensive psycho-acoustical research that would be required

to tell us how we can "trade off = floor performance for

differences in background noise; but we want to emphasize

that such a concept is valid and to state that the reesm-
-=

mendatlons given here are intended to apply in dwellings

where the ambient noise lies between NC-20 and NC-25.* =
In selecting a noise-control criterion, the character

of the intruding noise environment itself is also a very

important factor, and it has changed radically in recent

years. We must not, then, compare the American noise environ-

ment of today with that of Europe todsy --- these, in fact, i

are quite similar --- but rather with that of Europe when

the Codes were written on which the present recommendations

are based. The current European codes were adapted be deal

with a way of life which included few stereo systems, dish-

washers, garbage disposal units and other noise-producing

luxuriesj and with an era _en childmen were accustomed to a

less permissive view of parental discipline. The trend is,

* See the chapter on Sound Control in the ASHRAE guide
(American Society for ]{eating, Refrigeration and Air Con-
ditioning Engineers); or Chapter 20 in L.L.Beranek's
"Noise Reduction," McGraw-Hill, 1960. An ambient nolse"be-
tween NC-20 and NC-25" is typical of apartments in moderately

= quiet e_burban neighborhoods. For quieter areas, floor con-

structlon better than normal (INR- +_; _es § III-A-4) should
be used, while poorer construction (INR -5) may be tolerable
in noisy urban districts.

"7-
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both here and abroad, toward more intruding noise to be

guarded against in apartments and an increased sensitivity

to annoyance from noise. In Europe this is ovldenced in

present efforts to tighten soma o£ the codes. In this i

countr,J, moreover, the increasing movement from cubuPban i
areas back into city apartments will introduce to apartment [[

noises a large number of people long accustomed to the quiet

of their private houses. We can expect an increase of com-

plaints from these people.

The problem is weighty because of the serious implica-

tions o£ any factor that would increase building construction

costs. For Americans, the answer seems clear. _e have for

many years largely ignored the problems o£ noise control in

cup apartment buildings. It is this fact, coupled with our

noisier lives and our higher expectations of comfort, that

)]as prompted the many complaints leading to the development

o£ this Guide. It is not surprising that, as a result of

years of building construction in this soumtry without either

restrictions or guidance from our building codes in the area

of noise control, many of the floor/ceiling constructions

which are "typical" --- almost habitual --- in the United

States are inadequate. We must anticipate, therefore, that

it will entail some increase in construction cost to bring

our building practices into llne with our aspirations. How-

ever --- and this is of prime importance --- the amount of

this increase in cost will be small if noise control is con-

sidered early in the initial plannln_ of our buildings, i_

Noise control is almost always exDeneive to apply after a

building is completed; it can be surprisingly inexpensive

(and can be designed to yield other benefits as well -- for

example, thermal insulation) if it is considered early in

ths design stage.

-8-
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_'_ It is among the purposes of this Guide to cteer the

,i_ reader away from constructions which will not work and cannot

"_" readily be"fixed" and to urge consideration of new ways to

-_ apply the principles of impact noise control.

_,' At this point two words of caution are in order:

.... i) Both the recommended impact noise ctLrve and the

_- _,paot performance to De expected from typical

U.S. floor/ceiling constructions, as presented

here, have been derived chiefly from European

sources. Although a careful effort has been made

to adapt them to American condltione, this proce-

dure is subject to uncertainty. This Guide recog-

nizes the tentative nature of the conclusions by

"recommending" rather than "requiring" the pro-

' posed standards of impact isolation performance.

The FHA is aware that the clear statement, in

_ numerical terms, of an acoustical performance re-

_i qulrement encourages in the salesioriented branches

_i of the industry a competitive "1/2 decibel hassle."

! We flatly warn that the data presented here are nott_

sufficiently accurate to Justify any such Judgment.

The fact is that a floor which Just passes the

recommendation will probably be indistinguishable,
i

subjectively, from one which Just fails. The present

Guide is intended to help conscientious designers pro-

vide acoustically adequate homes for reasonable tenants,
(

and not to Justify quibbles over small differences.

:_! 2) On the ether hand, although the present Guide may be
:;! considered tentative in nature, it represents the best

:i effort in the present state of an art that is steadily

:i advancing. It should, therefore, be taken seriously.

ii -9-
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FHA plans to follow up the present recommendation

with a field study of American multifamily dwellings,

which will involve m_¢ing impact noise performance

measurements of actual floor/cei!ing constructlons

throughout the corinth-j, as well as conducting "depth-
i

interviews" with the eorrespondin S occupants. This

will permit us to cheek whether the FHAfs recontmended

performance curve actually represents the "borderline" I

dividing satlsfactor,Jfrom unsatisfastor_jimpact iso-

latlon in this oountxty. It will also pex_nit us to

refine the performance Infor1_atlon on typical U.S.

sonstmuctions as given here in data sheets which were

based mainly on measurements made on similar European

constructions.

At this time, the most important points to establish

beyond question are: l) that a significant improvement in

impact isolation is needed Immediately In Amerioan dwelllnEs$

and e) that the main concepts --- the neoossar_ tools --- are

correct as provided here, though later refinements may modify

them in the details.

C. How This Guide Will Help: Three Tools

The closeness of the individual units in an apartment

house leads to problems of noise control more severs than

are usually met in single houses; nevertheless, it is tech-

nlcally quite possible nowadays to construct floors in such

a way as to be _ractlcally impenetrable to sounds from adja-

cent dwellings. The trouble is that sugh "impenetrable" con-

structions are expensive: to install them thrsuEhou_ many

apartment houses would involve an enormous increase in building

cost, and would provide more isolation than is actually required

in most cases.

-i0-
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_i As the result of an extended technical study in which
r,

.i the various data, factors and needs discussed under II-B

_ were taken into account, FHA developed and presents herein
rr'r

!i three practical and essential tools for use in the control
_ of impact noise:

Tool #I) A curve of recommended maximum impact sound ,_
i,

i! pressure level for floor/ceillng constructioss.

;! This will show how much impact isolation you will i

_ need to provide. It constitutes a criterion of !
i

acceptable, but not excessive, isolation against

!i impact noise in multifamily dwellings.

Tool #2) A collection of impact performance curves charac-

teristic of typical U.S. floor/ceillng construc-

_ii tions. Each curve is presented in such a way as

;_ to allow direct comparison with the recommended

_!. maximt_m curve mentioned above. These construe- Z
tlons are all classified as to whether they do

or do no$ provide the recommended isolation.

This presentation readily permits : a) the avoid-

ance of all unsatisfactory floor/ceiling construc-

tions; b) a choice of constructions which will Just

:_ meet your needs; or c) the selection of batter-
; than-average constructions for use in higher

• i quality buildings.

Tool #3) A check list of precautions and suggestions, supple-

mented by a colloetlon of rough sketches of archi-
k_

tectural detailsj which will promote the fullest

possible benefit from the construction you have chosen

by pointing out how the effect of a basically good

floor construction is often spoiled by inadvertence

or oversight in matters of detail.



These three tools should help you deal adequately with the

problems of impact noise control before they show up in

the completed building.

Ill TOOLS FOR USE IN CONTROLLINO IMPACT NOISE

A. A Recommended Curve of Maximum Impact Noise Sound Pressure

Level for Floor/Ceilin_ Constructions !i$

1. TheRecommendation i:
Figure 1 presents FNA'a recommended curve, which shows i

for each frequency the maximtun acceptable Impact Sound

pressure Level, (ISPL) due to "thumping" a floor overhead

with the standard tapping machine; the measurements are to

be made in the field and normalized to a receiving-room

reverberation time of TO = 0.5 sec (eee section 2 below).

The shaded area sf Figure i represents the range covered by

the impact noise curves recommended or required by the vari-

ous existing European codes. It can be seen that the FHA

I recommendation, taking account of the factors discussed

sarlie_ falls into the lower part of the range, along with

the stricter of the European codes (British Grade i and

Swedish Grade i), which today appear to be giving satis-

factory isolation despite the increased noise environment.

A floor/ceiling construction which provides enough isola-

tion that the Impact Sound pressure Levels (ISPL) in the

room underneath the test floor are at all frequencies less

than or equal to the values shown by the curve in _Igure l, $

meets the recommendation absolutel M. Permissible devia- k

tions will be dissussed later, in section III-A-3_ below.

Note that we have not assigned any rating for the amount

of isolation provided by the floor (i.e., how much it would

diminish any given noise) but instead have indicated how

l

i •



_t

iS much noise it may acceptably transmit when tapped with a
:_ standard source of impacts. (See section I-B for methods

_, of determining impact noise isolation performance.)
t_

il Since the floor constructions under consideration will

Occur in a wide variety of acoustical environments, how-

_ ever. the measurements which estab1_sh nomplianoe wlth the

!_ recon_nendation must all be made compatible with one another,

or "normalized", as described in the following section.

> S. "Normalising" The Measurements
rl

The amount of noise produced in the downstairs room byd_

"standard tapping" on the floor above depends not only on the

:L quality of the floor/ceiling eonetmuction but also on the

_' amount of sound-absorbing material in the lower room: if

_ there are many carpets, draperies, upholstered chairs and

_: the lime, the sound levels will bs much less than if the

ii room were bare or only sparsely furnished. Since the field
measurements of floors will be made in all sorts of fur-

_! nlshed apartments, there is always built into the raw data

_i a certain amount of variation in measured values due only
_ to dlfferenems im She amotu_t of absorption present In each

I; ease. In the present Guide, this kind of variation has been

:_ eliminated for the purposes of uniform presentatlon Of the

data, by correcting all of the ISPL eusves to the values

they would have had if they had been measured with the same

:i standard condition of absorption in the lower room.* Moreover,

: * Some countries use IO sq meters (=107.6 sq ft) of total ab-
el sorption Ao as the "normal" abmorptlonj others normalise to m
' standard reverberation time To of 0.5 sec. The FHA has for-

mally adapted normalization to a standard reverberation time,
T O = 0.5 see., since this avoids the necessity for calculating
the volume of the receiving room. The cumves given with the
data sheets indicate in each case which normalization has been
used. For rooms of ordinary size (II00 cuft) the two methods
are equivalent, and for the purposes of this Guide the differ-
ence may be i_nored.

-13-
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=

: the recommended curve has also been presented in normalised
!%
: form, as stated above. Thus the "normalized" ISFL curves

' for different floor constructions can be freely intercompnred

_! amongst themselves and may be directly compared with the

FHA'e recommended curve to establish compliance.

3. Margin of Error

• In carrying out measurements o£ impact noise, the current_-

ly available techniques entail some uncertainty in the final

result. It would impose an extreme restriction, therefore,

if the _xnpact isolation recon_nsndations were interpreted i

absolutely, as stated above. For example, the construction
!

under test might exceed the maximt_, permissible ISPL at only i
,,: one or two frequencies, possibly due to slight errors in i

:i meastu_ement, and thus formally fall to meet the recommendation,

when in fact the floor might very well provide satisfactory

_ isolation in prentice. To eliminate this possibility, the

ii followingtolersnsee have been allowed: if the mean amount

:[[i by which the measured ISgL curve for a floor exceeds the !

:_ resommended curve is 2 db or less (as averaged over the

16 i/3-oetave frequency bands between I00 and 3200 cps), then

that floor construction is considered to meet the recommenda-
<;
_ tion.* _is is illustrated in Figure 2, where the recon_nended

curve is replotted from Figure I alone with the "nor_nslized"

measured ISPL curves for four different floor/ceili_ son-

atructlo_s. Constraotlon "A" obviously meets the reoo_nends-

_, tion at all frequencies. For construction "B", the mean

;!_ excess IS_L Is (reading from lower to higher frequencies)

2 + _ + 4 + _ + ? + 4 + 2 = l.y db and the construction there-
fore passes the recommendation since the mean excess ISPL is

* A ftu_ther restriction is described later.

.

-15-
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V_g, 2 Single Numbsr ImDaot Nolse Rating. A Replot
of the FHA ReoomtnondatlonCurve with th_
Measured ISPL of Four _DIesl Constmuetlons
(See Section I_I-A-_ of the _ext).
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less than 2 db. For Construction "C" the mean excess ISPL

is 4 + 7 + 8 + 9 + IO + 9 + 9 + 8 + 6 + _ .I-2 I_.25 db16 =
and the floor fails. No allowance is made for the fact that

at some frequencies the construction may be better than it

meeds to be; only unfavorable deviations are counted.

Note that this tolerance in terms of an averse devia-

tion might permit a oenstruotlon to pass the recommendatlon

i_ its curve lay below the FHA recommended curve at nearly

all frequencies, but greatly exceeded the recommended curve

at a fCW frequencloc. Curve "D" of figure 3 illustrates this

sltua_ion$ the moan excess ISPL is ii + ib9+ _ + 2 = _ = 1.69 db
and by this test the construction would pass the recommendation.

!i
BUS the exeoeslve noise transmitted below CO0 c/s would be very

annoying. Therefore, to eliminate constructions of this type

_L we Impose a further restriction: the measured Curve for the

floor must not exceed the FJ{A moeo,unended curve by more than

'_ 8 db at any frequency.

I_. A Single Number Impact Noise Rating for Floor/Ceillng

_ Constructions

_i For some purposes it is useful to know more than simply

Ii whether a construction meets the recommendations or not. For

exmmplo_ one might wonder whether a floor barely achieves

or much exceeds the requisite isolation. Or, if one is de-

slgmieg a "luxury" building or even "somewhat hlgher class"

apartments, it would be useful to have a quantitative means

, of somparlng various satisfactory constructions by means of

s single number. Such a rating scheme is provided as follows:

Notice in Figure 2 that, if the measured ISpL curve for

:_ the "C" construction wore shifted do_ward by 5 db aS all

-17-
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. frequsncies_ the floor would then meet the veoommendatlon,

within the permitted tolerances. We, therefore, assign to

j this conet_otlon an Impact Noise Rating (INR) of mS. On

the other hand, the measured ISPL curve for conetructlon

"A" could be shifted u_ward by 4 db and still meet the

_eoommendatlon, within the allowed tolerances. Thus, we

assign to oonetz.uc_Io_% "A" el%I_R of +_. Con.._,,_o,. "7

barely passed the meoo_endation with no shift, SO it has

an INR of O. Construction "D" must be shifted 3 db down to

meet the 8 db tolemanoe on maximum deviation, so it rates

Dm = -3. (C_ve shifts of fraetlons of a deslbel are not

po_mltted.) The I_R thus provides a means of raD/_-orderlr_

a large numbem of different constructions: the higher the

INR, the better impact isolation the str_eture provides.

With the cmiterlon and instructions of section III-A

one san determine the suitability of any floor/ceillng con-

struetlon for which the standard type of measurement already

described san be obtained. Such measurements are given for

man_ corLfiguratlons in the section which follows. Also, by

the procedure previously outlined, Impact noise ratings can

J be assigned to sonstr_/otions so that they may be compared

directly with listed conet_uotlons.

B. A Collectlon of Impact Sound [rsssu_e Level Curves

Characteristic of Typlcal U.S.Ploor/Ceilln_ Constructions

I. The Data Sheets: What They Tell

Impact petrel'manse suvvss are presented in section 4

il below fo_ several types of floor/oeillnE constructions com-
monly used in this oount_ both bare and in combination

with common floor sovemlngs, Each such combination appears
i

i on a separate data shoetj which shows not only whether the

-18-
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floor meats or fails the FHA recommendation of section III-A,

but also gives the Impact Noise Rating for the construction.

_ In addition, each data sheet carries on the right hand mar-

,: gin an INR Index Mark corresponding to the INR: the higher

the Index Mark on the page, the greater the INR; the data

sheets arc arranged in o_.dez,of increasing INR, so that

floor/ceillng constructions of highest quality appear near

the end.

It should be emphasized that the impact noise isolation

performance shown far the various floor/ceillng configurations

can be obtained only if care is taken in the architectural

planning and detailing, as suggested in cectlonc C and D below.

2. Summary of the Information Appearing on Each Data Sheet:

a) "Test Reference" identifies the test measurements

from which _he ISPL curve is derived: the first

numbers refer to the Item(s) in the bibliography (p

84) from which the data ware taken; the number in

parenthesis indicates approximately how many measured

samples the date represent, where this is known.

b) A description of the floor/eeillng construction, with

dimensions of structural and non-structural elements,

and with comments on any unusual aspects of the

_ structure.

iI e) A sketch of the floor/ceillng/coverlng eonflguration,
:_ to aid in qulc]c identification. Note: no attempt

_ was made to maintain the same scale on all data
sheets.

d) A curve of Impact Sound Pressure Level in decibels

? (re 0.0002 dynes/cm _) as measured in the field

(except where indicated) and normalised to eithe_

-19-
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a standard amount of absorption (Ao = I0 m2) or a

standard reverberation time (TO = 0.5 soc) in the

moom below; the label fo_ o_dinates states which

type of normalization is used. As mentioned above, _

for rooms of ordinary size, there is no difference

between the two _ormalizations for the purposes of

this Guide.

e) The Recommended Curve for Maximum Acceptable Impact

Sound Pressure Level, which the measured curve

(item d) should not exceed, within the tolerances

described in thQ text (section II!-A-3).

f) The Impact Noise Rating, which pmrmlts ran]c-orderlng

the various constructions (see section III-A-4). A '

higher INR means better impact noise isolation; 5 db

increase is a significant improvement.

[ g) An INR Index Mark, in the rlghthand margin, whlmh pem-

mlts quick location of floor constructions having an

INR of the desired amount.

From this set of Data Sheets and the summary which follows

them, the architect can quickly select configurations which

are as good as the recor_m_ndatlon or better by a desired amouut,

depending on his needs. He san also see how to avoid inade-

quate configurations whlmh are unfortunately in common use

nowadays and which have given rise to enough complaints to

spur the prsparatlon Of this dulde.

The Data Sheets will also help FHA field personnel to

determine whether mr not a proposed floor/ceiling omnstmuc-

bion will provide adequate impact isolation; and if not, what

additional improvement will be required to make it satisfactory.

-20- i
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3. Field Measurements vs Laboratory Measurements

_' Most of the data here came from European sources. Where-

i! ever possible, the measurements which were used to define

i

the impact performance for the various constructions have

: bean made in actual installations in the field. Such data

were not available for all casess however_ and it WaS some-

times necessary to use data taken in the laboratory. In

these eases, a correction was sought to account for the fact

that impact sounds in the field are likely to be carried to

the room below by paths other than the one directly through

the floor/selling construction. Thus one might expect the

Impact sound pressure levels to be higher in the field than

would be measured for the same floor/ceiling in the labora-

tory. A careful study of the available data, however, in-

dlcatee that any such consistent difference between labora-

tory and field Impact noise measurements is small enough to

be obscured by scatter in the data, so we have decided for

:_' the present to treat them as equivalent.

_: 4. Data Sheets for Floor/ceiling Constructions Typical

_ of the U.S.A.

The data sheets for typical floor/ceiling constructions

" appeam in the following pages$ there is a Summary on pages 69

to 71.
[

-21-
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS
:]
ii TEST REF: 24,12a & 12b; 25II, VI-A-36, VI-A-3T; 22, #23, #25, #32, #37J (lO)

SAMPLE DESCRIPTION: 90
_ I I I I t I t I I I
[_ HOLLOW CONCRETE BE_4

i Total thlok332ss 7", total weight 44 Ib/ft 2 _(.9

"; i Basic Constmuotion: Hollow concrete block

5½" thick and cement moPtaP _ 80 /

i '_ _loo,,_lmieh, 3/4"_'_t0h0_0n_ o /
it Ceiling: 3/8" plaster .J o° /
. I I /

W -J _'-- _ ' "%

I/) _l_ %,,%

I o. _ %%

z"- ".O _50 _
m %%

I 30 "h. J

j I I ]:_R=-222o, I I I I I I I I f I .:

"?5 Joe 500 800 1200 2400

tso 300 eQo 12oo 2400 4000
FREQUENCY BAND- CYCLES PER SECOND1

I *SEE TEXT



" GULOE TO IMPACT NOISE CONTROL IN MULTi-FAMILY DWELLINGS

TEST REF: 17, 8-571 (1)

I I I I I I I 1 I I

SAMPLE DESCRIPTION: 90

= CONCRETE RIBBED SLAB WITH FILLER BLOCKS U

I Total thi@_esD 8_". total weiEht 70 ib/fte .I

Basic Const_uctlon: 6" concrete slab with 6 80
hollow fille_ blsoks ,,

FIoo_ Finlsht 5/8" pZt0h mastIol_,ve_ thin k-°felt undemls_v on sand- J

oement ssmeed, m o / _ /b w _-

Deillng : two-0ost plaste_ > /w

D _ %%

E _ "i N
Z "_ % "

0 _ 50 %1

% ."

iI -°
=_ :
w o40 I_2.

i[ -•! _ "

_ _
_" INR= -_I I I I I I I I I I I
i_i ms _os 600 ,=so 2,_,o0 t -

;_,,.j I._O 300 6oo i;_o0 Z40S 4800
2 FREQUENCY BAND - CYCLES PER SECOND

"_SEE TEXT



H, _,_ . ,, • , . ¸,¸i¸:¸ ,, -, , • • ..... • •

GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 17, 5-58; (I)

SAMPLE DESCRIPTION: 9o I I I I I I I 1 [ I
HOLLOW CONCRETE BEAM

(J

7½", total weight 55 Ib/ft 2Total thickness bJ
CO

Basic Construction: Frecaet hollow concrete u_

Floor Finish: P-
tM n 1/2"- d .J 0

uJ P-

Ceiling : two-coat plastem. /

.1 I"

w EO _ _

, e. _ %

0 _ 50 %_

m "%

Lu d 40 m
>

I-

o -_

INR= -20 [ I # I I I I i _
me 3o0 _oo rzoo z4oo ,

150 _oo e_ 02_ _4o0 4o0o
3 FREQUENCY BAND- CYCLES PER SECOND o

, *SEE TEXT



, GUIDE TO IMPACT NOISE CONTROL IN MULTI- FAMILY DWELLINGS
t,

;_ TEST REF:IT, Fig. 71, S-288-290; (7)

! ;_ SAMPLE DESCRIPTION: 90 I I I _ I I I ] I I

WOOD JOIST= "THIN" CEILING & "THIN" WALLS
(see remarks) __o f

i Total thislcnees 8_", total Weight T ib/ft 2 U3

I Basic Conetz%tstion: 2" 8" wood 080 •wlthX 7/8" T aJ°istsGfloor

r boards
nailed to Joists.

' ' Floor Finlsh: none .a o

I Ceiling." 3/8" plasterboard nailed to _ _._Joists, Joints sealed. 70
"J N

Remarks: Two of the supporting walls were vJ ._ ........... ._
_." thlok, the other two were _¢ <
9" thick o_ less. Heavier sup- D _ _%O3_ •

porting walls would restrain tho co o 60 •floom structure and Improve the _ _%
impact isolation. Compare with

i data sheets #9 (p.30) and //22 _ _E %%_
(p.43). m u

Z "- %

o =-50 • -"

=g

I ' -

040>

o

,' L--............ A _o

_ I INR= -18 ] I I # _ I _ I I IISO Boo ass 12oo _oo
I_O sos 6oo 120o 2400 4soo

l! 8 FREQUENCY 8AND - CYCLES PER SECOND co

_ _SEETEXT



GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 32, 728-A; (i) Laborers,-/ measurement.

SAMPLE DESCRIPTION: 90 I I I I I I I I r I
WOOD JOIST, V_NYL TILE
Total thiokness Ii", total weight un_mown _ _ /

2" 10" oU9 _

Baslc, Oonstr_otlon: 16 x wood Joists,
o.e.; 5/8" fir ply- ]-SOwood sub-f loom nailed

! 8" s.c. to Joletej _" _°. fire plyWood ooveri_E sub-

floor (Joints staggered)_j 0

andn  lsd toJoists. 70

-.,..• Floor Finish: 9" x 9" v&nMl plastic asbestos
tiles, i/S" thick, applied w _ ........... -_
with adhesive, m _ ",

o3 n- •

Gelling: ½" gypsum wallboamd nailed to m o 60 _w
Joists; Joints taped and sealed. ¢ %

i i Z "% %3 ¢0 %,
0 =_50 .- %_

%
_D

=_ m
_J 040>
< Pp=

o

t :
' _ _g 3oom° sOOsoo _zooe°° 24oo1=00 s4oO4ooo-,q_

FREQUENCY SAND- CYCLES PER SECOND
5 _SEE TEXT
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_ GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 20, Fig.3; and 17, Fig. 8; (17)

SAMPLE DESCRIPTION: 90 I I I I I I I I I I
FLAT CONCRETE SLAB

Total thi_31ese 6½" to 9½", total weight 70 -
iOO ib/fts, mO

Basis Construction: Reinforced concrete slab. o
80

Floor Finish: Either 5/8" pitch mastic,
5/8" composition or none. .J oLU

II Ceiling: Either ½" plaster or none. w> ______ _ ---- • _"

Remake: There is wide variability in Im- J

past isolation due to random w ._ ..... -_, %
fastors rather than showing 0c
correlation with thic_ess, D _=c9

weight, floor finish or ceiling m Z060 "_"finish within the ranges men- w
i tioned above. The performance _ %

data given here are median values. E %

o ._50 %-m %

_J d4G
>

,===I-
u .z=

3G

INR= -17 . Z,o I I I t I I I 1
: _i lOS _ _SOO coo less 24o0 I

'_ 6 15o 300 _" _ e,J_, 120o 2400 sooo ._,; FREQUENCY 8AND- CYCLES PER SECOND

_ _flEE TEXT
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I GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

i TEST REF: 25 II, VI-A-38; 24, 12-cj (8)

RIBBEDSAMPLEcoNORETEDESCRIPTION: o 90 I I I I I I I I _ JbJ

:,i Total thl_kness 6½"; total weight 27.5 to m33 lbs,/fta _

_ _OO80

Basis Constz./stionl ribbed eonsrete floor; .

2½" slab; (see remarks); / __ribs 20" s.c. --

or \
1 Floor Finish: Finish cement over grout fill. _ _-

>_wuJ
Ceiling: none uJ "to

,-I
Remarks: Measu_emonto were actually made N

on constructions built up of pre- uJ .J ---.

i _'I fabri0ated concrete channel beams =_ _< ".,and cement mortar; results for co

poured eonorete ribbed slab of m zO 60 "'%same weight and dimensions should w %
_o be similar. S. ¢J %

7' S _-
_ U

o ._50 %m %%.

oo.J d40
>

30

IHR= -16 2^, ! I I I I I i i I I5_ /
150 BOO _00 I_[OO _4OO _t,

7 leo sod 600 120o 2400 4600 _o_FREQUENCY BAND- CYCLES PER SECOND
_SEE TEXT



: GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS.p

_ TEST REF: 32, #727; (1) Laboratory measurement
.'-i SAMPLE DESCRIPTION: 9o
T:: I I I I I I I I I I
_ CONCRETE SLAB ON STEEL BAR JOISTS - SUSPF.NDED

CEILING

Total thia1_ess ii", total wet_:ht 38.2 ib/ft2
7" oBasic Csnat_ctionl steel bar Joists_ ,780

O
.,_ 27" o.0.; on ted of bar <

. *k., tl . . .:l.z. _h

t floor slab on 3/8" rib -_ o / \: ,lSo,,in sh=no.e %To
_ Ceiling= 3/_" Su_Tin8 0hannele, 16" o.o. Nwire tied to bottom of Joists; _ ._ _-- ..... _--_,

il 3/8" _yps_n lath attached to m _ _-._fu1"ri_ channele bF cllpe; _ _
_! 7/16" sanded plastez, and 1/16" 0_ o _"

seat of llms putty finish. Lu z 60 %% ....

m _ %

i!i = "

_,. uJ C; 40 '-

1 o-o
_' .. , I 30 '"

_ INR= -16 I I I I I I I _ I 1

i:; _ .... ._ _% ,0o ,so see ,=oo =400
fl IBO sos soo iz¢:o 2400 4soo 0",FREQUENCY BAND- CYCLES PER SECOND

"1 8 eEEE TEXT



GUIDE TO IMPACT NOISE CONTROL iN MULTI-FAMILY DWELLINGS

TEST REF: 17, Fig. 7Z, s-292-29t+; (5)

SAMPLE DESCRIPTION: 90 I I I I 1 I I I t J
,! WOOD 30IST: "THICK" CEILING & "THIN" WALLS

(see remarks)

i! Total thickness 8½"; total Weight 13 ib/ft 2 coc°
0

Basis construction: 2" x 8" wood Joists with 0807/8" T & G floor boards

screwed to Joists; the pc
boards were also screwed

to I" X 2"battens running _ O
midway between the Joists.>

Floor Finish! none -J _4

I 0eiling: three-coat plaster on expanded Lu "_ \metal lath. _ _ ........... "_%

Remarks: The heav_ plaster ceiling yields _ _ •
_3 O %,some improvement ever the thin Lu z 60 • --

3/8" plasterboard ceiling, but m % ."
the thin walls (two of them _½" o. _ %

thick, the other tWO 9" or less) ¢_ oE %.
appear to constitute a weakness z _ % :of thls etr_ctune. Heavier sup- = e _ :

I porting wells would restrain the O SO %

floor structure and.improve the _ % =m
impact isolation. Compare with _ %
data sheets #4 (p.25) and #22 Z _

(p.43). _ oo :

I,-
u .m 2
o 'D

i( .-:
INR= -12 2_ I I 1 ] I f I I I I ."IBO SOS CO0 leOO 24S0 I

;_ IBO 300 so0 1200 24o0 48S0
FREQUENCY BAND - CYCLES PER SECOND

9 _SEE TEXT
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 32, #721 A (1) Laboratory measurement

SAMPLE DESCRIPTION: 90 I I I I I I I I I ] "
BUILDING BOARD ON STEEL JOISTS - THIN VINYL

Y• _ TILE - SUSPENDED 0EILINO

! Total thlo|_ess i0}", total ,elght unsown, o

t Basic Constructionl 8" steel Joists, similar 080
to I-beams, 16" o.c._ "o
with 1-11/32" planks of
oompreeeed homogeneous. -J -

. U,I -pape_ gulp bu*.IS1_ _*

_oard (26 lb/ft), >nailed 8" o.c. perpen- 70
dieula_ to the Joleto. N

Floor Finleh| plnnke;I/8"hardboard15lb. felt°ementedpapert°m_MJ_"J .......... "_, _-,_

cemented to hardboard; _ m
, I/8" vinyl asbestos tile _ Ow z60

2omonted to felt paper. _

Ceillngl _" shootrook, nailed 12" o.c. o. _
_to Jolote?), Joints taped and _ u

o _50 Becq %

_J 640
>

<_k-

O

SO :

I_R= -Ii I I I I I I J I I I
180 3OO 200 1200 2400

me _oo see 12oo 2400 4000 "
FREQUENCY BAND- CYCLES PER SECOND

ii _SEE TEXT
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t GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

i I TEST REF: 25 III, 39b; (?)

SAMPLE"DESCRIPTION: 90 I I I I I I I I F I

HOLLOW TILE BE_J4 - LINOLEUM

Total th!o_eee 6-3/4"; total welght 50 Ib/ft 2
. , , u_

5-1/8" thick, with ,,
steel reinforcement;
3/_" cement on upper __o

ea_faee, .J oUJ

Floor Finish: linoleum, cemented. _ _ 70 I _P'---_i_

me===..,=ostm,. ", I "
='< \(.9 0 60 %%bJ

_, E % :
l _ u ."

O ¢..50 -, , %'u_ ._,
%'%C_

>.

(Jo¢
30

1,
:_'_ Ii_R= -9 I I I I I I I I I I
_ lee _oo eO0 1200 2_oe

_!_ 150 _oo ooo i_oo z,P,eo ,4eoo ,,_
_'_1 ]I_. FREQUENCY BAND- CYCLES PER SECOND

i _SEE TEXT
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i! GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS
TEST REF: 17, S-117_ (4)

f SAMPLE DESCRIPTION: 90 I I I I 1 I I I I I
RIBBED CONCRETE - WOOD BLOCK FLOORIN_ -

i SUS,_DED CEILING _Jt_

Total ChioEnens lO"j Coral we_h_ 65 Ib/S_2 u_

:i _BiO Dono_Puotion _ nelo,Pmo°nstl"oonoPe_ethiok_PlbsohAn" d. 80
15"o.o. o

I _IooP _Inish= I" wood blooka in oontlnu- .J pO
ous mootlo bed ovem i}" _J

,Alld-uementooz'eed. I,u>_70 "-'"-- / _'_

CoillnS1 Plnmtem on expanded metnl lath -J _

wiped to rib.. _j ._ .......... __

\
=°60 -,. --
¢ %

I 0. _ %
_o E %

m • Bm

o _50 N

• uJ 040 ,,

|
30

• INR- -9 2t,. I I I I l I I I l I
I_0 500 _00 12DO R400

_00 _00 1200 2400 4_00
I 15 FREQUENCY 8AND - CYCLES PER SECOND

" / _SEE TEXT
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLtNGS

TEST REF: 17, _Ig. 73, S-306-310, S-311-312; (12)

SAMPLE DESCRIPTION: 90 "1 I I I I I I I I I
WOOD JOIST - FLOATED WOOD RAFT

w
l Total thickness 9", total weight 8 Ibs/ft2

2" 7"
. _1 Basis Construction= 16, x wood Joists, d

_loor Finish= 7/8" square-edEe floor boards __o
nailed on 2" x I" battens;
the whole raft floating on _ o

I i" globs fiber blanket.

Oeillr_: 3/8" plasterboard, finished with

plaster skim coat.

Romarks= The INR could be L_proved to -4 ....---- .\
i if a hea_y plaster ceiling were _ ¢ ........ "_'_ _,_

used, The performance of this W o 60 .....etmtettL_e tends to deteriorate uJ ;z ._

-%
C_ U

D

<
_j c_40 ,,,

I.-

o 'o

30 ....

_t INR= -8 I I I I I I I I I I
_00 600 ISOO E,O0 I

"_ ; ( I_o _o_ soo ,2o0 2400 ,ooo co
_;! 16 FREQUENCY BAND- CYCLES PER SECOND
_ "SEE TEXT



GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 25 II, IV-A-2I; (3)

SAMPLE DESCRtPTION: 90 I I I t I I I I I I

RIBBED CONCRETE - SUSPENDED CEILING o

"_ Total thloknese 9½"; total weight 50 ib/ft 2 Ld

Basle Constmuotlon: Ribbed conomete floorl _

i slab 2" thiok, _Ibs ee" o 80

i s.c., and 5_" deep; nail-

ing stmlps cast into

I lower surface of ribs. 4oFIo0_ Finleh: 3/4" oement w

Ceiling: Plaster on wood lath on wood 70 f

\Ilg _ =.

\

_ % ",,, _

opo
z_ :

; 2,,¢>wdp40 ::

i 0 "t3

• ..'.:i2 : i

l ' • : INR= -8 I I I I t I I I I I , .
• ms Sos eoo I =co _,40oco

1_0 _00 600 1200 2400 4800FREQUENCY BAND- CYCLES PER SECOND
17 • SEE TEXT

u,



J
J

GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

;I TEST REF: 17, S-59, S-6O, S-62, S-631 (g)
•r SAMPLE DESCRIPTION: 9o I I I I I I t I I I

CONCRETE RIBBED SLAB WITH FILLER BLOCK_ WOOD
O

Total thickness 8", total weiEht 65 Ib/ft 2

,[
Basis Construction: 5_ tr concrete ribs and

•" • hollow-tile fille_ _,80 ....
[ blocks topped With 1½"
i sand-cement screed, o

•i Floor Finish: 3/4" or 7/8" wood block laid .J o

i in mastic, or floor boards _u

>
[ nailed to sareed. _j

• Ceilin_= two-coat plaster
.j

(no "_
j w z6o '_N --

m %
%

Q

°40

0 "o

30

INR= -6 I I I I I I I I I I
laO a130 aDO 1200 2400

Iso SOD ode Izco :z4oo 4000 _.
FREQUENCY BAND - CYCLES PER SECOND

18 mSEE TEXT



f GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

t TEST REF: 32j 717; (1) Laboratory measurement
SAMPLE DESCRIPTION: 90 I I I I I I I I I IiI

WOOD JOIST - RESILIENT SUSPENDED CEILING

i Total thiekneee 9"_ totnl welght I0 lb/ft2 _=

o
03

. Baei0 Conetructlon| 2" x 8" wood Joists,
16" o.e, with 3/g" 080 "
T & G fire floorlng, "o
nailed. <

i i Floe, Finieh, None

Ceili_, _/8" eheetPoek 8c_ewed to reelll- _ _

ent metal runnePe, nailed to and 70
brld_ed aeroan Joleta, 12" o.c.
Jolnt_ taped and finlohed, w "_ .............

D _O ! %%
in

_ w z6O _

z'-. % :

o _150 • :
% -

z_ :q
=_ :

o41 ,,,>
I--
o "_

INR=-5' •...... : ........ ,;............... J..,_,.:;. 1_._ ...............-_ 2C,t_ I I I I _oo I I tloo I I IIO0 I I =400 UlJ"
_' I , , , ,.o '°o° ._o ,=oo 2,oo .coo

i',_ FREQUENCY BAND- CYCLES PER SECOND
_ 19 *SE_T_X'r



:! GUIDE TO IMPACT NOISE CONTROL IN MULTI- FAMILY DWELLINGS

TEST REF: 17_ S_O and S2I; (2)i

1_ SAMPLE DESCRIPTION: 90 I I t I t I I I I I -"

: i FLAT CONCRETE SLAB - WOOD FLOORING _
w .-

Total thlolcaeo87% total weIEht 70 ib_/ft2
_.

Baoto Const_uottont 5" conorete and _lllev- o 80
Jolot otx_ctul-al floor; .
Sille_ Joist. 30_ o.c. __o

1?l_orIPl_Ib|_=7./.8"floor bou_. nailed to -"

1" ollnkeP cone:rate ooreed. _ po

cell_-,s= two-oo_tpl_.te_, ._",.=,;'o / --_.. :
Rem_a= A _elnforoed oomont olab wlth N _ :

wood blook (poJPquet) floor tlntoh _ <_ _- .......... _% _

would probably Eive Blmll_ l"e-

oulto; the 8tee1 ftlle_P Jotot D z_ 60 %'_ _ :
, ! L probably doeo not a_e2t the _ o :

a ¢mpa2t per_ovman2e greatly, w _ _ --• o: _, :

l °°i z --

%
¢3

uJ °40>

< Pi-
¢J._
o ,1_

5o

_R= -5 I I I I I I I I I I :
102 _00 000 I_00 2400 I "

120 300 600 I_00 2400 '4200 UI

FREQUENCY BAND- CYCLES PER SECOND
20 _SEE TEXT
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!! GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

: TEST REF: 17, Fig. 71, S-295-2991 (12)

;!'_ SAMPLE-------DESCRIPTION: 90 [ I I 1 t I I I I I

I WOOD JOIST: _ "THICK" CEILING & "THICK" WALLS
(see remarks) o

Total thlc|_ees 'i0_", total weight 12 Ib/f_ 2 o_

Basic Construetlon: 2" X 9" WOOd Joists with O 80
7/8" T & O floor boards

II

nailed to Joists. _o

Floor Finleh: none bJ'J0CeillnE: wood lath and plaster. >

R_erl¢s: The supportl_ walls were all 9" "J

thiok or more, whleh act to Pe- w -_ ..........

strain the vibration of the floor, _ ,z %%_, "._%'_%-

compared to the examples with D _¢
thin supportlr_ Walls; it still 03

U_ 060fails to meet recommended curve uJ

, \for impact isolation. Compare _c % :

with data eheets #4 (p.25) and _- _ %% mm
//9 (p.30). _ _

u) %.
%

w °40
>

I-
cJ _

, INR= -J4 I I I I I I ] t I r
! IBO eoo sod 12oo • 2400

150 ZOO SO0 1200 e4oo 40o0
FREQUENCY BAND- CYCLES PER SECOND

22 _SEE TEXT



GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS
.ii TEST REF: 17, S-5; and 5, _ig. 37a, b and d; (4)

!) SAMPLE DESCRIPTION: 90 I I I I [ I I I _ I -"

FLAT CONCRETE SLAB - LINOLEUM _Total thlolmo,e 6_", tot,l weight 64 1b/ft2 _Lu

B_oio Conetz_ction= 6" _einforeed concrete

elab, 7,80

Floor Finloh2 1/8" linoleum cemented to _.o
bitumen felt underlay

w .-

Cmillr_ : 1/2" plaster, w> .-

Rem_mke : ,If the floor finish is not oemente¢_ "_ / _ ."
the ZSPL inoreosee at high fro- w .J .----_-- .-_ Aquenciee nnd the floor sounds ¢ <[ _-- _.

"olio]_". A thi0ker or poster _m =_ ",%
underlay improves the teolation _ o ".60Lu

I but iS _ubJoot to indentation _ _ -_
z

from point londo (_hm_ heelo). _ N %
E % k k sm

o_5o h

<
u_ d40

0 'o

3O

. _ "%"'".'_' _ INR= -g I I I I I I . I I I

_0 000 0013 1200 2400I_0 300 0oo 12oo 2400 4000

23 FREQUENCY BAND m CYCLES PER SECOND
_SEE TEXT
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 22, 133.-136; (_-)
SAMPLE _ DESCRIPTION: 90 l I I r l I I I I I

HOLLOW CONCRETE BEAMS CORK TILE o

Total thickness I0", tota_ weight 56 Ib/ft2
un

Basis Oonstr_stlon: Preeast hollow concrete d 80
hesJ_sjappe_ shell

2" thick, lower shell __oIJl,''thick.

Floor Finish: _" cork tiles on mastic uJ P-

cement. > _ %%

: tu ----.70 ._

i Oetling= none .J

, bJ ._1 .......... _,

I 1,9 O_ •

uJ z 60
I .L- =: "" :

C._ BU

'_ m o :

m oJ %,%

on°_ 50 %, :

°
z_ :

°40

i u ._ "i o "o
I -

| l _ ,,
_ j _os 8oo ,=so =,,so,

?
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[_ GUIDE TO IMPACT NOISE CONTROL IN MULTI--FAMILY DWELLINGS
'_ TEST REF: 17, S-66j S-67, S-68; (12)
:_ SAMPLE OESCRIPTION: 90

I I I I [ I I I I I
CONCRETE RIBBED SLAB WITH _rr.T,'_R BLOCKS - u
IrLOATED CONCRETE FLOOR Lu

8", total welEht 65 Ib/ft 2Total thloknooD

i Ba=lO oon.t1"tzctton: 5½" concrete z'lbbed d 80II

I alab and hollow-tlle
I flllo_ blook_. _o

! I_100z" PCnish= Z_loat_ floo_ of thez_nopZaa- _ orio tlla, on 1_" relnfoz'oad
l oonorete so_aed, on build- _> ..

} bonded _lao_ fiber blanket,
CelllnG: 1/2" pla_tez, ¢w -- -_

==
I Rom_l?ka_ In some teats Sllghtly bette_ re- u_ o 60 %. "_'

i Sulfa We_S obtalned uslnE Elaas Lui flbe_ blanket wlthout the bdtumen = % _ "

_ bondln_ far floatlnE the _a=eed, _ _ %%% mm

I btlt the _esults were not conals- _ u
_el3t, Z _ %

0 _'_0 k

i_ c: % =

=o°

_<_>_u640 ..... ::u J= "

_0 "'

• -

i! "180 _00 SO0 ; 200 t=400
• leO 300 aoo I ZOO 2400 4800
26 FREQUENCY BAND- CYCLES PER SECOND

_SEE TEXT



_ GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMIL_ DWELLINGS

i_ TEST REF: 25 III, _Ig. 34 £; (?)
SAMPLE DESCRIPTION: 9o I I I I I I I I I I

WOOD JOIST - COCOMAT o
Total thiol_eas 9-3/4", total weight 13 ib/ft2

2g" o.e., with I" i"1ooi"

boards, nsiled. __o

Floor Finlsh: Cocomat, loosely lald. --
/OeillnE: Plaster on wood lath on 1_u'rlnE. w

wm o 60 %'%. --

o._ % mm

zg :
m "-

w 640 _. ,

o "_ _','
%%

30

IN'R= -3 I J I i i i i i I I

I I_0 300 600 I_00 _400 4000 Ld

._:,'[ 27 FREQUENCY BAND - CYCLES PER SECOND• _SEE TEXT
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!i GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

_: TEST REF: 17, S-64; (l)

_., SAMPLE DESCRIPTION: 90 I I I I I I I I I I

L_
Total thickne£e I0", total weight 45 ib/ft2 _o

....__ Baelo conetmuotlon: 7" precast hollow con- d 80...., crete beam i_" wide, ,,

'i ! cement mort_J_fill inJoints. I-°

i with linoleum. Battons rest _>_ 70 / _"'[-i _irectly on the basic floor. -J

Ceiling: two-coat plaster. Q:w<"1 ..... ---_=_
m :E %

: "! CO¢: Nul o
r _j Z60 --

_.N IIm?

°°0 _50

m -

_J o40
:

E

i ,, 30

Jl i_O 500 £00 £00 Eeoc
z_0 soo coo 12oo _,mo _o

29 FREQUENCY BAND- CYCLES PER SECOND4coo
_tSEETEXT
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLtNG'S

i TEST REF: 32,#7185 (1) Laboratory measurement
SAMPLE DESCRIPTION: 90 I t I I I I I I ]
WOOD JOIST - FLOATING WOOD RAFT - RESILIENT
SUSPENDED CEILING 0

co

TOtal thlc1_csn 9"* total weIEht unknown o

Basle Construction| 2" X 6" Wood islets, .,80

, 16" s.c. with 5/8" fir
_ plywood cuhfloor nailed

to Joists 6" s.c. _ 0

Floor Flnlsh: ½" porous wood fiber board, >
stapled to suhfloor, 12" s.c. w

over entire surface; to this J _%___

WaS cemented _" plywood under- --
layment, to which 3/32" vinyl _J _ .........
linoleum was cemented. D

I co _¢
CeillnE, i" x 2" furrlnE strlps attached _ o .%.

to resilient metal clips which Lu z 60

i _ were nailed parallel to Jolsts; _N" _ mm
I _ 5/8" gypsum wallboard was E_crewed 12" s.c. to the reslll- o o ,k

ently suspended fumrlnE strips; Z "- _

I Joints tnped and so,led, co_ _
O 50

t 0q

_J °40

0 "_

J -- - " _ = = ". :50

g

..... I ....... i IN_= -2 I I i I I I I I I 1IBO _O0 (ZOO 1200 ¢400
• 150 300 e(x) 12130 2400 4800

_i 30 FREQUENCYBAND- CYCLESPER SECOND
_: _'SEE TEXT
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;_ GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 22, 129-132; (4)
: SAMPLE DESCRIPTION: 90:_ I I I I I I I I l I

THIN HOLLOW CONCRETE BEAM - FLOATED WOOD RAFT u

I" Total thickness i0", total weight 52 Ib/ft2. cqbJ

Basic Construction: I c emor_ 80
tar. O

Floor Finish: Wood floor boards (7/8"?) on

_t board. UJ

: Ceiling: none.
, w '_%

I oo

1 °g "0 _0 %
¢n _ %%

j ° "-4w °40

I-

1 (._ JO

__=;°_ ._I Z3CR=-2 2q I I I f I I I I I II00 _00 eO0 2400 I
dOOO _3

31 FREQUENCY BAND- CYCLES PER SECOND
_8EE. TEXT

2 !, rJ;! _ -., -': i_ ki, - '2, ,.L . ....... ,
_,_,_,_,_.,_ _,__ ,,_,_................................................................ _.. ............... .......................................... .........................=
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

_i TEST REF: 32, #727 D; (i) Laboratory measurement.

_j SAMPLE DESCRIPTION: 90 I I I I l I I I I I
b_ CONCRETE SLAB ON STEEL BAR JOISTS - CORK TILE -
_ SUSPENDED CEILING m

o

Total thickness ii", total weight 39 ib/ft 2
Basic Construction: 7" steel bar Joists, 080

2?" o.0.; on top of ,,

bar Joists: 2" son m 0crete floor slab on 3/8"
rib lath. .J o

Floor Finish: _" cork tile cemented to con- >
crete with linoleum paste. 70

N

Ceiling: 3/4" furring channels, 16" o.0. _ _ _wd_...... -_%ii wirefleatobottumofjoi_ts_ ===_

' = = % I

%.

_ m

o

uJ o40
>

I-
f-) .o
0 "o

INR= -2 I I I I I I 1 I I I

150 30O 5C0 1200 2400 4500

32 FREQUENCY BAND- CYCLES PER SECOND
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,!' GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 17, =q-115 (2)
_i SAMPLE DESCRIPTION: 9o I I I I 1 I I I I I

_ HOLLOW CONCRETE SEAM - CORK TILE - SUSPENDED u

.... , DETLING _J03

! ]Total thiolcnese 8"; total Weleht 50 ib/£t 2 u_.

I B_sle construction= Pz'eewat hollow con0rete o 80 .....15" 5"bea_e, wide, deep .o
k-

I FlooP Finish: 3/16 T'0oPk tile, on i" sand-
I cement 8o_eed. ..J 0_J

,l Cellist 3/a" plaste,boaPd on 1" X 2" bat- _ ,_I te.ei._et.1oZlV.. _0._........__

.......... \
i E

_ u

_'- %,,,t °
I °

®g
_J o40
>

L) .o ........

f = I I I I I I I I I I
• leo 300 600 1200 £400

• 150 300 6(::0 1200 2400 4800 0

3_ FREQUENCY BAND- CYCLES PER SECOND

ii _*SEE TEXT
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'_* GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

i! TEST EF: 14, 191
!_._ SAMPLE DESCRIPTION: 90 I I I I I I I I I I "
•_'_ FLAT CONCRETE SLAB - FLOATED CONCRETE FLOOR

Total thicknaBa 9", total weight 95 Ib/ft_ _ ."
Basic Construction: 5" reinforced concrete

I slab. 0 80
Floor Finish: 2" reinforced concrete screed.

on I" glass fiber blanket; 1/8" 1"9

linoleum cemented to screed. _ _

Ceiling: }" plaster, w> *_ 7 0 Ill ' :
Remarks: ThiB constz_/ction,but without "_

linele_tm,is the one whish uJ --.J .-S,,_-'_'___._ _..%foxed the basis for'the _c < _

Grade I requirement in the m _ _
_itIsh Code. Without the _ o _. ._llnoleum_ this floo_ would not w z 60

J pas_ FHA reoommenda$iona. _ _ :

°°m "% :

uJ 040 ,, :

I--

_0 ' I

":-:_,;tl'..";,_v'.."'2_'.'._:>'_'_.,'t'.I_'U

_ _ _c . :-
INR= ÷I I I I I I I f I ] I

I_0 _oe co0 _200 2400
,_ I_O _oo 60O 1200 2400 4800
'"_! 35 FREQUENCY BAND - CYCLES PER SECOND
Li_ _SEE TEXT
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J

GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 17, S-78, s-79, S-8O; (5)
SAMPLE DESCRIPTION: 9o I I I I I I I I I I -

i FLooRTHINHOLLOW CONCRETE BE_S - FLOATED WOOD RAFT _U ."

Total thickness 8}", total welEht 42 ib/ft2 _.¢q .Z

Basic oonst_otlon: Preoaet hollow concrete o
80

beam13, 5" thick and
14_ 'lwlde, wlth cement pc I -"

mortar fill in Joints. -J 0 i
Floor Finish: FloatiP4 floor of 7/8" T & G

floor boards on 2" x 1½" > _o
" lass _ uJ 70battens, resting on 1 E -J

fiber blanket; linoleum -- / _
0emented to floor on one _ -J _-_ ."
13ample onl_. D

°=
Ceillr_, ½" pl_ster _. o ,m

w Z60

i Remar]¢s= No apparent effect of linoleum "

i _ on the one sample where it was _ _ _
used. @ u ,%%_.., :

O •

%% -

iI "= :

m_ :
uJ °40 .-

•_ :
0 "a

I '°_ ..... ,r,. .......... l

i

!/ _NR= +I 2-- I I ' I I I i I I ' :

_i 180 500 so0 12013 24130 + "

13oo 13oo 12oo ¢'40o ,_ooo _'

36 FREQUENCYBAND- CYCLES PER SECOND
_SEE TEXT
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!_ GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

_ TEST REF: 17, S-165, S-166, S-167; (5)

SAMPLE DESCRIPTION: 90 I I I I _ I I J I I

_'_ FLAT CONCRETESLAB - FLOATEDWOOD RAFT o

i!iI Total thick°sos9½",total w61_htaolb/rt 2 _Basic Construction: 6" reinforced concrete

i slob. o,'soFloor Finish: 3./4"T & G floor boards on
I_" X 2" battens, resting _o

on ½" pads of soft fiber- .J 0

i board, asbestos or cork. uJCeiling: T_o-ooat plaster. > % 70

i
m o "__ z60

D • N

o ._5o _"

z_ :
=g _ -

d4o .-
_ :
k-

o _

3c -_

,,e,.% ....= .-,! .... ;_'-..I 'Y'-_I Iflo _00 600 1200 2400 _-

Ii " _ 150 soo 600 IZO0 2400 46009 FREQUENCY SAND- CYCLES PER SECOND

t_ _SEE TEXT
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:J GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

i_ TEST REF: 22, 137-140 (4)

_,__ SAMPLE DESCRIPTION: 90 I I I I I I I I I I

._ THICK HOLLOW CONCRETE BEAM - FLOATED WOOD RAFT o .-

! Total thickness Ii"_ total weight 68 Ib/ft 2 wo3

I_ Basic Constructions 7-I/I_" hollow oonemete _.
.... _ beams, with cement 080II

Floor Finish: Wood floor boards (7/8") on F'°

! boardbattens,on .}" soft wood flbeP uJ-J o ."

[

i "

_' E ', :
o % .-

Z ". "_ '%

= = % .-

o ._50 %

uJ o40

F-

ii ....

| _I INR= +3 I I I I I I I J "

tSO _00 600 _200 Z400 + "
_" 150 300 600 12130 2400 4800 LO

_ 40 FREQUENCY BAND CYCLES PER SECOND_tSEE TEXT

!



GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS
i TEST REF: None

_:, SAMPLE DESCRIPTION: 90 i f I I I 1 I I I I
I_ FLAT CONCRETE SLAB - CORK TTLE - FURRED CEILING

Total thlc_ess 6-3/g", total weight 65 Ib/g_ 2 _ ....

i I BaSlO Oonstz_tion:' 6½" reSnCo:eoed concrete _,

elab. _-o80Floor Flnlch: _" cork tlle, cemented to slab. o

OellinE: _" plasterboard on metal c11ps on .. -
fui_rlng s_rlps. J 0

Ruma/_-e : we have no measured _eta on thAe _, ?O
N

i_I canfigui"abion, hut have estimated

i {from similar constru0tlons) that L_ "_ .....

cut*re.theperformance is as shown in the u)D= z_ '/,_I _ IM
w

, z ". %%

m SO _,_ .%.%GI

w d40

30 :

120O 2400 +

_,_ ' FREQUENCY BAND- CYCLES PER SECOND
. eSEE TEXT



_i GUIOE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 32, 728-B; (1) Laboratory measurement.
SAMPLE DESCRtPTION: 9o

I I I I I I I I I I
WOOD JOISTS - CARPET ON FOAM PAD

Total thickness II", total weight unknown.
o

Basic Construction: 2" x iO" wood Joists,
16" o.o.; 5/8" fir --080
plyWood sub-floor nailed "o
8" o.c. to Joists; ½"
fir pl3_qood covering sub- ,
floor (Joints staggered)_ o

Jolsts,andnailed through to _ 70 %

Floor Finish: 3/8" ,nylon carpet (_" pile) uJ _ _--= .......

on I, foam rubber pad. g¢ _ ", mlB

D _E k '•Ceiling: ½' gypsum wallboard nailed 12"o.o. o_ _ • % -
to Joists; Joints taped end oi o

J sealed. ¢rLu_ 60 _ '%%
o,, (1. ¢_ %

,.,
w °40

I-

? . 30

.....-i k
,_ ., .... ......... r ....... INR= +5 I I I I I I I I +
,; IBO 300 SOO 1200 _4OO %21_: ,so _oo _oo ,_oo 2,,oo ,,sos

_! LI2 FREQUENCY BAND - CYCLES PER SECOND
_:! _SEE TEXT
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 25 III, Fig. 36 f;

SAMPLE DESCRIPTION: 90 I I I I I I I I t r -_

FLAT CONCRETE SLAB - COCOMAT OR CARPET o Z

Total thickness 5-3/4", total weight 61 ib/ft2 L_ Z

Basic Construction: 4½" reinforced concrete
slab, with 3/4" plaster ,o"80 Z
sareed.

Floor Finish: Cocemat floor cover or 3/8"
carpet (no pad), loosely J o

laI. >% =
Ceiling: 3/8" plaster. 70m N

L &9 0 %% , "-eJ Z60 _ ' '
%t

og -
o 50 %.
ol %%

i 3O

I .... ....... f

+-,°o ,so e_ ,,0o =,so
• IBO _OO 600 1200 2400 4000

_ FREQUENCY BAND- CYCLES PER SECOND
i-i:]_" _5 _SE£ TEXT

i
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/ GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

i_ TEST REF: 25 IZI, Fig 39 f;

.,_' SAMPLE DESCRIPTION: 90 I I I I I J ] I I I
_'! HOLLOW TILE BEAM - COCOMAT OR CARPET

:I_ Totalthioknoss6-3/4",totalwsi_ht50l_/_t_(?)_
'_ Basic Construction: Hollow tile beam, =:

1

5-I/8" thick With .O80
• steel reinforcement;

i upper surface. .J o
Floor Finish: Cocomat carpet uJ

pad)Or ,/8" _

mR
(no loosely lald. 70

Ceiling: 3/8" plastem. _

z "- %

=== _ "

<

i d 40
0 "o

SO

\,, INR=+12 I I I I I I I r

I ,co see coo ,,oo =,qoo+I_O SOS 600 1200 2400 4COC

_! FREQUENCY BAND- CYCLES PER SECOND
_ _6 _SEE TEXT
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GUIDE TO IMPACT NOISE CONTROL IN MULTI-FAMILY DWELLINGS

TEST REF: 32, #727B_ (1)Laboratory measurement

SAMPLE DESCRIPTION: 9o I I I I I I I I J I :
CONCRETE SLAB ON STEEL BAR JOISTS - CARPET ON -"
FOAM PAD - SUSPENDED CEILING _ .. mm

Total thic|me_s I1½", total weight 39} ib/ft 2 o

,_ Baslo Constz_ctlon= 7" steel ba_ Joists, °80
27" o.s,; on top of "o
ham Joists : 2" con- =_

cretu floor _lab on .J o3/8" _ib lath. Lu

FIoo_ Flnioh= 3/8" _lon oaz_.oet (_" pile) _ *_ 70 ......
on _" foam z*ubher pad. "J N

Ceillng: 3/_" ftL_Ting ahannels, 16" D.C. LU "_ ........... -_

wlz, e tied to bottom or Joi_tB; m= _ '-_
3/8" Eypat_m lath attached to %
fu_inE channels by clips; o1 =

ol _60 "%7/16" sanded pla0tem and 1/16" uJ
coat of llme putty flnleh. _ %

0

0 _ 50 %-%%

;' }] _ •:I <

'_ii _. t' :_::.,,,,.,,L.,,_ .Lm_=_ 30 \

;_.;! ZNR=+26 I I I I I I _ i
_i _.... . .....L ..:.. .......... .[ 2% '"0 _O0 aO0 ,ZOO =_CO+
"_:_i ISO 300 6oo 12o0 2400 4000

_7 FREQUENCY SAND- CYCLES PER SECOND
_SEE TEXT
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SUMMARY OF DATA SHEETS

Data Sheet
Construction MR Number

: I WoodJoistFloor

Bare - thin walls, thin ceiling -18 4

Bare - thin walls, thick oeilins -12 9

Bare - thlsk Walls, _hick uelill_ - 4 22

w/vinyl tile -i? 5

w/linole_ -I0 12

w/wood raft, floated on glass fiber - 8 16

w/wood raft, floated on aoftboard,
9inyltile -12 lO

]

$ W/wood raft, floated on eoftboard,
vinyl linoleum and resilient

suspended oeillnE - e 30

% w/umoomat - 3 Z7

_ w/ca_et on foam rubber pad + 5 42

w/resilient suspended ceiling - 5 19I

%_ II Reinforced Flat Concrete Slab

Bare -17 6

w/linoleum - 4 e3

w/cork tile and furred ceiling + _ 41

i W/WOOd blocks or flooring - 5 20

w/concrete ssreed, floated on glass
A fiber + i 35

W/concrete sereed, floated on soft-
board - 5 21

W/wood raft, floated on glass fiber + 7 43

w/wood raft, floated on eoftboard
or cork + 3 _9

w/carpet or eooomat (no pad) +12 _5

w/suspended ceiling - _ 2_
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III Hollow Concrete Beams

Bars -22 I _:

w/pitch mastic screed -20 3

w/pitch mastic on felt underlay -21 2

w/linoleum - 9 14

w/_ tile - 4 n=

w/cork tile and suspended ceiling O 34

w/thin wood tiles and furred ceiling - 3 28

w/wood flooring - 6 18

w/wood raft - 3 29

w/concrete screed, floated on glass
fiber - 4 26 _

w/concrete acres0, floated on glass ::
fiber, and suspendedceiling + 2 37

light, w/wood raft, floated on glass
fiber + i 36

heavy, W/WOOd raft, floated on glass
fiber + 9 44

light, W/wood raft, floated on soft-
board - 2 31

heavy, W/wood raft, floated on soft-
board + 3 40

w/carpet or cocomat (no pad) +ig 46

IV Ribbed Concrete Floor *

Bare -16 Z

_re, w/suspended ceiling - 8 17

w/wood blocks in mastic, plaster
ceiling - 9 15

W/wood raft, floated on glass fiber
with furred ceiling + 2 38

w/wood raft, floated on softboard - i 33

• Where data are lacking for ribbed concrete or bar-Joist floors
in combination with certain floor/ceillng finishes, an approxi-
mation can be taken from the data sheet for the same finish
in combination with lightweight concrete. We do not, however_
place much faith in such estimates and they should not be re-
lied on for configurations having INR near zero. Where the
INR is either very positive or very negative, the implied
suitability (or not) can be trusted.
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V Bar Joist Floor *

_ Bare, w/suspended ceiling -16 8

_ w/vinyl tile and suspended ceiling -i0 13

_ w/cork tile and suspended ceiling - 2 32_r

w/thln raft, floated on softbosrd,
"J vinyl tile -Ii iI

... : w/carpet and foam rubber pad and
suspended ceiling +e6 47

'i

r

L!

"i) •"_

J

* See note on previous page.
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C. A Check List of precautions and Suggestions Regarding

Details of Construction

It Is not enough merely to choose a basically good

floor/ceillng construction. Even the excellent isolation

provided by a concrete "scresd" flo_tlng on a glass fiber

blan]cet over the structural floor can be nullified by care-

less detailing which pe_lltc conduits, ducts or p]nmblng to

"short-clrcui$" the isolation at points of penetration, or

by an indifferent contractor who allows his worsen to

attach the floated "ccreed" solidly to the walls at the edges.

We have provided below, therefore, a series of warnings,

precautions and suggestions in a Check List and also a collec-

tion of rough sketches of recommended architectural details.

The problems discussed here must be conscientiousl Y dealt with

or the cost and effort qf provldin_ sultable basic structure

will be wasted.

CHECK LIST

I. Plannin_: Do not locate "noisy" areas over "quiet" areas.

For example: do not plan a public corridor over bedrooms

or living rooms below. Do not plan living rooms or

"family rooms" above bedrooms. Fom noise isolation as

well as economy of plumbing, toilets, kitchens and laundry

rooms should "stack" and should not be placed above Or

adjacent to quiet areas of neighboring living units.

2. Construction: The Data Sheets chow that many of the floor

configurations which provide adequate Impact isolation in-

volve a "floating" construction; that is, either a wooden

raft or concrete "screed" supported on a resilient layer

of soma kind, which rests on the basic structural floor.

The following points are relevant to these configurations:

-T2-
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a. The basic rule is that the total construction between

spaces must be airtight. This applies to walls as

. _ well as floor/ceiling construction.

b. The next basic recommendation is that the "floating"

construction must not in any way touch the surround-

? ing construction through any rigid material.

c. Note that most resilient materials whluh are used are

penetrable with water. Be extremely careful to seal

all pipe, chase, or duct penetrations of the construc-

tion with a flexible, non-hardening material which

will exclude wa_er from the resilient material.

d, Floating concrete screeds poured over resilient materials

: require _ waterproof membrane between the blanket and
i

the concrete to preven_ formation of "fins" or other
short circuiting between Joints in the resilient

material. As worlcmen are usually not particularly

careful when pouring concrete, a rigid, protective

layer (e.g., 1/4" plywood) is recommended to prevent

rupture of the membrane during placement of reinfore-

|_ ing and poa_ing of concrete.

e. Floating wood rgfts are easily "shorted out" by

nailing through the reslllent material to the sub-
'_ floor. Care in detailing and speciflcatlon is man-

datoPy to polnt out to the contractor the requirements

for resilient construction.

f. _ge Joints at the perlmeter of a floated construction

are potential trouble spots. Do not attach solid
base boards to both the wall and the floor. Do not

"short out" the resilient construction wlth toe mold-

i ingso

_' -73-
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g. When designing floating concrete eeresde, 150 sq ft

is about the largest floor of 2" concrete you cam

pour without reinforcement to prevent edge curl.

The solution for larger floors Is reinforcement

or thick (4") rafts of concrete.

h. Some settlement of resilient material (about 3_ of

initial thickness) may he expected over a !or_

period of time. Allow for this contingency in your

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 avoided in these cases.

The remaining suggestions deal with constructions other than

floating floor:

J. Note that "impact noise" is not confined to floor

eourees. Maehlncryj toilets, bathtubs_ showsrs_ and

piping can all produce vibration in the load-bearing

structure which will be transmitted around a good

floor/ceillng configuration and be radiated as noise

i in an adjacent space if you allow it. The basic recom-mendation is to isolate all such sources from the

basic structure with resilient mounts or materials

(see examples in the sketches which follow).

k. Remember that most of the satisfactory floor/ceiling

configuratlons shown here also provide good isolation

of airborne noise. Thus you must be careful to "match"

the isolation through all other paths between dwelling

units: the occupant wonft ]oaow that you have provided



'" an acceptable floor if he heaps his overhead nelgh-

q bet through the exhaust ductwork o_ thresh an open

shaft between apamtments.

1. A frequent eoLt_ce of complaint which is connected only

indlrestly with floor/ceiling constructions is stair-

ease noise and door-slammlng in reverberant hallways.

::- Antl-slam devices on _he doors and soft material

(carpet or rubber mat) on the floors an0 on the treads

of the stairs arc recommended to reduce the noise at

the source; but it is equally important to provide

as much acoustical absorption as possible in these

areas. This will also help reduce the annoyance

from children shouting and playing in the corridors.

Acoustical tile, 3/4" in thickness, on the ceiling
and upper walls is sult_ble for this application.

m. Wall installations of door chimes, bells or buzzers

must be suitably isolated --- that is, no dlrect_

metal-to-metal contact with the buildir_ structure i

should be per_nltted: use soft rubber grommets at all

attach points. This is even more the case with wall

installation of telephones or ringing apparatus of

telephones (the new "Princess" model is particularly

annoying in this respect). Either avoid wall instal-

latlone altosether or provide soft-rubber isolation,

as described above.

n. Door knockers should be avoided unless you ame preparcd

to isolate the entire door.

o. Incinerator chutes are noisy nuisances and should be

supported on soft-rubber, asbestos or other isolation

moats; also the outer surface should be coated with

a maetis vibration damping compound similar to auto-

mobile undersoatlnE.

-75-
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3. Supervision: The results achieved in the completed

building depend not only on careful planni_, suitable

choice of oonstraotion, and p_oper detailing as noted

abovs_ but also on complete and conscientious attention

to the integrity of the sound-lsolating oonetruotlon in

the field by all trades. Particular troubles are apt

to arise durir_ the period between the eomplotlon of

the architectural drawinss and the completion of the

building due to changes in cognizant personnel; speelal

efforts must be made to acquaint the "new men" with the

reasons for unusual aeoustloal detailing. Continuity of

acoustical understandir_ is essential, and for this

reason it is imperative also that the contractor be made

aware of the reasons for, and the importance of, the

chosen oonstructlon. Due care and diligence in super-

vision is also required; it Is Important that the

suporviso_ understand the acoustical reason for any

unusual eonstruotlon and the acoustical consequences

of any change he may authorize.

D. A Collection of Rough Sketches of Aeoustioall_ Important

Architectural Details

The followir_pages give sketches whloh illustrate some

of the pelnts made in the Check List above. These are not

the only possible solutions to the impact isolation problem,

but a_s offered as examples of the working out of principles

lald down in this Guide.
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