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© SECTION ONE

INTRODUCTION

Noilse - from the same Latin root as nauseal

Many of today's problems, and the solutions ‘to these problems, have
brought to us yet another dilemma, that of environmental noise pollution,
Because of cconomical factors taking precedence over environmental fac-
tors, noilse has grown to disturbing proportions., Much of the blame can
be pointed to inereasing population, industrialization, and sccilolegical
changes, Howover, technolopgieal "advances" must bear the greatest respon-
gibility. As these advances were made, the price pald has heen the in-

,ereasing amount of noise pollution. Growing at an increasing rate, noise

pollution will soon reach the crisis proportions as air and water pollu~
tion if the public doesn't take the time to react.

This repert 1s primarily concerned with a mostly averleoked, but never-
theless, important aspect of commmity noise control, comprehensive
noise contrel provislons within building cedes. It is not the intention
of this report to concern itself deeply with gencral community nolse
abatement programs or industrial noises. To do so i1s beyond the scope of

this work.

The main purpase for the establishment of building cedes is te insure
the safety, health, and welfare of a building's occupants. The World
Health Organization scates that, Y., health 1s a state of complete phys-
ical, mental, and social well~being and not merely an absense of disecase
and infirmity."l Noise can cause the disturbance of sleep, rest, and
relaxation; be annoying; dnterrupt the thinking processes; and sometimes
even cause physlcal damage to the ears. Fhysical or mental illness may
be caused by exposurc to even subtle, unwanted sounds.? Unlike air and
watar pollution, noise cannot be seen, and most of the time, the ordin-
ary citizen is not fully conscious of its effects upon him,

Many of today's architects, builders, and enginecrs realize that the pro=-
gress made in the construection industry concerning the use of lightweight
materlals, flexibility of buildings, and economics, have resulted in cn-
tirely unastisfactory acoustical conditions inside the completed building.
Bvery aspect of desipn should be considered for proper noise control
fucluding structure, types of materials used, types of construction, me~
chanical equipment and systems, and metheda of construction, An "after-
the-fact" attitude concerning noise control is improper,

The purpose of this report is to review the status of current and future

noise control provisions within the various domestic povernmental levels,
and at the national level internationally, In many cases, direct compari-
song are made. This report will alsc deal with some of the effects of un-
wanted sound upon people and some of the cnuses of coaplaints from oceu-

pants in multifamily dwellings experiencing insufficient nolse control,

1




SECTION THWO

PSYCHOLOGICAL AND PHYSTOLOGYCAL EFTECTS OF NOJLSE ON MAN

The purpose of this section 1s to point out some of the basic psycholopi-
cal and physiclogical effects of nolse upon man and to provide insight

ag to why nolse contrel through the use of Buildlng cedes [s imwportant,
It fis beyond the scope of this report to explain in detaill these effects
(there 1s exteqsive reference material concerning the matter),

Noise, by definition, is unwanted sound. The psychological reaction to
noise depends not only on.the physical make-up of the noise, hut also on
the ausceptihility of the individual hearing it who is conditioned by
many varlable factors within himself (dncluding his conscious perception
of it). The determipnants of human sensitivity to nolse are extremely
complex, They include, but are not limited to, educational level,
interests 4in machinery, types of activity interrugted by the noise,
attitundes towards nolse sources, and personality. Besides personal
attitudes towards noise, it has been veported that sensitivity to

noise is usually low during periods of physical labor and exertion,
while over-fatigue, annoyance, and sickness increasc 1,2 Also, due

to the hearing characteristics of the ear, noises of high frequency
nature (e.g. high speed contrifical compressors) tend to be more annoylng
than noises of low frequency nature (such as electrical hum at 120Hz}).
TFurthermore, devices that produce discrete frequencies ({such as pure
tones) are more annoying than those that produce random noise, However,
nolsc can annoy due to continued exposure resulting in the irritation

of the auditor{e). There are even soma relatively quiet sounds

which ten be -annoying to the avditor, no matter how quiet they are., These
may include a erying baby, dripping tap water, conversations heard
indistinetly from another room, £lushed water feard in a living room
filled with guests, etc.

The pervasiveness of nolse makes it a problem of special concern., Noise
cannot be just shut out, one cannot just eclese hils cars, Holse interrupts
the thinking process, interdisposes itself In conversations, and prevents
deep sleep. It has been well established that people require rest

.and relaxation at repgular intetvals in order to waincein good mental and

physical health,® Tt has been becoming increasingly evident that the

need for noise centrol is a very important factor of life in our type ef

society.

Objective data concerning the effecys of noise on rest and sleep 1s
either very scarce or non-existant.’ It has heen dcgcrmined that night-ns

time sounds are more disturbing than daytime sounds.” According to one study,

St ialnic i st o e i
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it was found that older people find it harder to fall asleep and awaken
more casily than younp people.? Other than that, vesearchers have little
clear knawledge concerning the trua effoets of nolse upon slenp.a Some
authors have tried to indicate that noise, by preventing complate and deep
sleep, is responsible for making it impossible to recuperate physical and
mental energy expended during the day's activities.? On the other hand,
others have tried to show that noise in itself caunot be harmful so

long os secondary factors do not prevent the individual from beéoming

_naturally accustomed to the noise,

" Many researchers concerned with noise are convinced that even though some

noises are not Intense enrcuph to cause permanent hearing damage, they
should not be dismissed simply as nuisances. TIn some instaness, sguditory
stimelation can affect the other senses. These intersensory effects may
oceur as part of normal phychological and physiolopgical funttions.
However, neoise can produce general phychological distress adding to the
overall stress of life thereby possibly contributing to the incidence

of non-auditory diseases.tl Even moderate nolses make the pupils of the
eyesdilate (which may explain why surgeons, and others who do close work,
are so bothered by noises). Moderate noises also cause small blood vessels
in the body to constrict and impede bloed £low (vasoconstrictive reflex)
which is the body's automatic response to nolse stress. It has been
conjectured (without any conclusive evidence) that this wvasoconstrictive
reflex may negatively influence the activity of various glands, e.g.,

the digestive glands, with the possibility of metabolic disturbances.
There are presently millions in the United States whe have heart diseasey
high blood pressure, and emofional illness who need protection from the
additional stress of noise.

The ideal acoustical environment is one which enhances the quality of life
by eliminating disturbing noises. Noise pollution is definitely a health
hazard and should be controlled through the use of building code
requirements. ' :
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SECTION THRER

. NOISE REGULATION:
COMPANRISONS OF DOMESTIC BUILDING CODE PROVISIONS

BHBC = DBeverly Hills, California Bullding Code, Section 1314,
"Sound Transmissicn Through Separation Walls and Floors"
Adopted through Ordinance No., 71-0-1405, 1971

IMO = Weston, R. T., "A Model Ordinance to Control Noise Through
Building Code Performance Standards", Haovvard Journal on
Legislation, Vol. 9, 1971-1972, papges (G6-114. .

Hip = U, S. Department of lousing and Urban Development, "A Guilde
to Adrborne, Impact, and Structure Borne Noise-Control In
Multifamily Dwellings", Scptember 1969.

NOBC = Newark, California Buillding Code, Section 2.5, “Sound Isolation
Control", 1971,

NIBC = Northhrook, YXllinoels Building Code, Chapter 3, Article V,
"Sound Insulation Requirements", November 1970 (Adopted
through Ordinance No. 70-71.)

NYCRC = New York City Duilding Code, Chapter 26, Sec., 1208.0, 1970.

SS5BC = Southern Standard Duilding Code, Appendix "E", "Recommended
Guide for Sound Iselatien in Multi-Tamily Dwellings", 1969.

UBC = Uniform Building Coede (Inteornational Conference of Building
0Officials) Appendix Chapter 35, "Soumd Transmission Control",
1973.

GENERAL ¢

The NYCBC indicates in its introduction that its scection on nolse control
in multiple dwallings concerns requirements for airborne sound insulation
for interior walls, partitions, floor-ceiling assemblics, and mechanical
equipment in spaces or buildings in its type J occupancies (L.e. shelter
and slecping accomodations on the day te day, week to week, month to month
basias; one~ or two-family units; convents; and rectories), It also
indicates that provisions are provided for airborne sound centrol for
exterior mechanical equipment noises from any type occupancy ng wéll as
impact noise isolation requirements for floor-ceiling constructlens, The
UBC cexpressea the same thing for itu proups H and 1 occupancies (hotels,
motels, apartment houses, convents, monasteries, dwellings, or lodging
houses). The NIBC indicates approximately the same} its sound control
provisions are for all hotels, motels, and all dwelling units regulated

by its codes except for sinple-fomily dwellings, The SSBC indicates

that provisions arce made for airbornec sound control, but no mention is
made of impact noise control. ‘The HMO is more general in nature not speci-
fleally mentioning airhorne or Impact nolse control, but expresses the
faet that provisions are made to Insure minimum acceptable acoustical
environments (according to the HMO standards).
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The U. S§. Department of Housing and Urban Devoelopment (HUD) of the
Federal Nousing Administratlen {FI1A) has developed a comprehensive
report on noise control entitled, "A Guide to Airborne, Impact, and
Structure Borne Holee~Control dn Multifamily Nwellinps", Within this
report Is .a brief oxplanatien of some of the general principles of sound
transmission., ‘There Is also a comprehensive discussion pertaining to
specific noise problems and their solutions (incleding illustrations).
Of most importance, there ls a complete section on FHA vecotmended
criteria for uoise contrel in dwelling units and the development of
these eriteria, This yrecommended criterin is requived for approval
of all HUN projects., Sactions of the report are devoted Lo data
and sound transmission class (STC) ratinps of wall constructions and
floor-ceiling asscnblics, as well as impact insuvlation class (1IC)
ratings for floor~eciling assemblies. HUD dndicates that the overall
objectiven of its sound control recommendations are te provide direction
toward the attaiament of zcoustical privacy and the control of noise

in multifonlly dwellines.

Only the S8BC [Appendix E(e)] and the NYCRC [C26-1208.1(L)] requires
that all construction used for noise control 1s also to maintain
performance characteristies (e.g. structural stability, fire resistance,
ete,) required elsevhere in thelr respeetive codea. The UBC, BHRC,
Hese, IHO, AND LUD do not specify this,

RATTHG MOTSE INSULATION:

AIRBORNE NOISE INSULATION:

The NYCBC, SSBC, UiC, BIIBC, NCBC, AND HUD have adopted the Sound Trans-—
nmission Class (STC) rating system which was developad by the ASTHM. This
single-figure rating is derived by comparing test measurements of the
partition in question with a staudard shaped curve.

HUD states the following about dts use of the sound transmission class
(8TC) ratings system (as well ag the single-figure dmpact unoilse veduction

(INR) system):

“The plan vsed by the FHIA [UUD] is fundamentally a
gradation of sinple~figure ratings, based upon
reference contours. This syatem affords the greatest
opportunity for relating recomnendations or require-
ments to 2 variety of condltivna, suel as: ambient
backpground neize usable For masking purposes which
imply urbon, subhurban, or rural locations; minimal,
average, or high income housing; and for specific
wall or floor-cefling functions within buildings.

In addition, casec of vevision of recownendations orx
requirements ds dnherent in this systew without
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disrupting the basic scheme for classifying
struetures as to their acoustical proporties."’

The STC reference curve consists of a line sepment increasing 15 4B

in the 125-400 Hz interval, a line scgment increasing 5 dB in the
400-1250 Hz interval, and then a hoxizental lime seguent in the 1250~
4000 Hz. interval (see Fig, 1). 7This reference contour takes into
congideration the sensitivity of the human ear, that is, beipg able to
hear the higher frequeneles more easily than the lover frequencies.
Therefore, the curve is desipned as a Function of frequeney. To
determine the STC raving of the test specimen, sound transmission losses
are measured in 16 contigious 1/3 octdve bands centered on 125 to

4000 1z, The results of the.test are plotted on a graph and then compared
to the srandard S1C contour which is "shifted" vertdically uneil ccrtain
conditlions are fulfilled. The total transmission loss below the standavd
contour (total adverse deviation) is not to excced 32 dB (an average of

2 dB for each 1/3 octave baud). Also, the adverse deviation in any

‘one bhand is nob to exceed 8 dB. Vhen the standard contour 1s adjusted

to the highest possible value (in integral decibels) vhile maiutaining

these two conditions, the STC rating is determined by the sound transmission
loss (STL) corresponding to the intersection of the stapdard STC con-

tour and the 500 Hz ordinate. STC ratings relate the sound insulating
propetties of n structure as a function of frequency more cfflectively

than did earlier arithmetic average sound transmiscion loss values,

HUD states that airborne sound insulation measurcments should be conduc-
ted in accordance with the current mcethods of test which are endorsed
and published by the major standardization eommittees and assoeiations
such as the American Socicty for Testing and Materials (ASTH), the
United States of America Standards Tnstitute {USASI) [now the American
National Standards Insticute (ANSI)}], and the Intewnational Drganization
for Standardization (ISO).

The asthor of the {MO, R. T. Wesron, expresses the oplnion that the SIC
rating system has certain advantages, these being that the STC rating
systen i flexible allowing Lor both poor and good Insulating assemblics
to be rated by the same system} also, STC ratings for many common
constructions are publishad and readily available making for convendlence
in architectural design. A deficiency in a 1/3 ectave band reading,
provided that i does not excced 8 dB, Is not subjectively noticecable,
thercefore not unduly penalizing the construction's rating. llowever, he
points out that the standard STC curve was derived for domestiec (and
some commereial) nolse specltra. Low frequency componente, such as
traffic and machine noises, if prowmlnent, make STC ratings ineffective.
Since STC ratings are based upon individual comstruction elements,
various flanking sound tranamission paths are not taken into account.
Therefore, the UMO adopts a "new" airbarne noise insulacion standard, the
Normalized Nolse Insulation Class {HNEC), which takes into account
airborne sound igsclation "hetween rooms" Instead of basing the system

.
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golely upon the performance "of a partition,"

The HMO discussion introducing the model ordinance explains that the
NNIC Is designed to account Jor primary paths and flanking transmission
of nolsc by dnstituting a single performance test for the entire com—
pleted construction thereby assuring acoustical privacy and protection
in the actual use of the building.

HMO uses the cquation!

NR =L -T
1 2’
whare:
NR = noise reduction .
T, = average sound pressure level in room 1, the source room
I; = average sound ‘pressure level in room 2, the receiving room.

Noilse reduction is measured by establishing a sound ficld in the source.
room of sufficient intensity so that the sound transmitted into the
receiving room can be measured over any ambicnt nolse level present,

The average sound pressure levels (T) for cach room are measured in

the gixteen 1/3 octave bands (with frequencies contered en 125 to

4000 Hz).

In the HMD, the NR value Is normalized to account for acoustically
ubsorptive material in the receiving room. Each frequency band is
normalized in terms of veverberation time as if the receiving room
contained a typical amount of absorption (e.g, furnishings).

Therefore, .

NNR = NR <+ 10 logm (T/Ta),

normalized noise reduction

a

NR = measured nodsc reduction
s measured reverberation time in the receiving room
=

reference reverberation cime of 0.5 seconds.

The normalized noise dsolation class (HNIC) is derived by comparing NNR
values plotted as a function of frequency to a BHNIC chart (see fig. 2).
The comparison is fdenticnl in manner as the method of comparison in

. determining STC watinpgs. The single nunber NNIC value is the highest

RNR value at 500 lz whiech fulfillls essentdally the mame requirements of

that of STC. ratings; that is, the sum of .the individual adverse deviations'

(those values belaw the prescribed velues) for the row shall not exceed
32 dB (an average of 2 dB per column), and no Individual test frequency

deficiency shall excced 8 dB.

T AT e e e e
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The HMO NNIC refevence cuvve and the S0 reference ecurve are virtually
the same. ‘The only substantial difference 1s that the NNIC reference
curve ralates to normalized nolse reduntion values whercas the STC
reference curve rolates to sound transmission Jnas. The main diffevence
betwveen the MNIC system and the STC system is that the NNIC system
depends on post-constructilon field measurements wherens the STC Is
determined from standardized laborvatery procedures,

IMPACT WOISE TNSULATION

The NYCHKC ond BURC have adeptad the Impact Moise Rating (INR) system
developed by the U,S, Federal Nouse Authoerity (FHIA bulletin no. 750,
"Tmpact Noise Control in Mulcifamily Dwellings” of January 1863).

Impact noise isolation 1s evaluated using an Interpational Ovganization
for Standardization (IS0) staundard tappipg machine from which impact
sound pressure levels are determined dn the room directly below the
test floor in 1/3 octuve bands from 100 o 3150 Nz. The curve derived
from the measurements is compared with the seandard INR curve (see

fig. 4a). The amount in dB that measured curve has to "shift" vertically
to comply in all fraquency could be rated plus, or minus, x dB; plus
being to shift up, and minus being to “shift" down. The greater the
positive INR, the better the impact sound reduction of the partition

in question. (see fig. 4b)

Both the UBC Standard 35-2 and NUD have adopted the Impact Insulation
Clams (TIC) rating system. This systeon was developed to establish
sonewhat of a parallelism with the move familiar STC rating system of
airborne sound control. Anether reason, according to a HUD discussien,
the ITC was developed to avoid dealing with "negative dnsulation values"
of the INR system. The IIC system rates floor-ceilding assanblies with
pogitive numbers, the lavger the number, the greacer the insulation.

Hud indicated that impact sound pressure levels should be measured in
aceordance with eurrent methods of testing which are endorsed by the
major standardization organizations. Iilowever, the only formal document
in current use concerning this mattexr is the IS0 reocommendatlon R-140,
"Fleld and Labozatory Measurements of Alrborune and Impact Sound Trans-
mission'", ISO/N140-1960(E)}. It ig also the preferved methed at the
Notional Bureau of Standards and has also been under consideration by

the ASTM,

In this methed, like the INR method, a "staudard" tapping machine (as
specified In ISO/R140) is used on the floor-eeiling assembly and
meagurements of the resultant impact sound pressure levels are measured
in 16 contiguous l/3~octave bands with frequencles centered in the 100~
3150 tlz ranga and averaged over time and space. These measuresents are
made at six statlonavy microphone positions or with a slowly moving
microphone in the receiving room with the tapping machine placed suc—
cessively in at least three specified lecations on the f£loor above,
Results of the measurements are reported as dmpact sound pressure
lovels (ISPL) and are normalised to a reference room absorption of

Ao = 10m4 or 107.6 sabins,
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After the ISPL are normalized, they are compared to the IIC standard

contour. Like STC ratings, the curve of the results is "shifted"
vertically until ecortain econditions ave met: a sinple unfavorable
deviation (an ISPL value whilch lies above the curve) may not exceed

8 dB, and the sum of the unfaverable deviations may nor be greater
than 32 dB. The gingle Figure IIC rating for the specimen in question
is the valuc of the ordivate scale on the right (IIC) corresponding

te the ISPL value at 500 iz, of the lowest contour for which the above
conditions are fulfilled. (sce fig. 3b)

" The 1IC contour 1s constructed as follows: a horizontal line sepment

in the fntevval 100-315 Hzi a middle line segment decreasing 5 dB
in the interval 315 to 1000 Hz; followed by a high frequoncy llue
segment decreasing 15 dB in the Interval of 1000 to 3150 llz (see fig, 3a).

On the avarage, the IIC rating is approximately 51 points higher {algebraic
addition) than the INR rating used in FHA No. 750 However, the spread
between the two rating systems may be as wuch as 32 points, therzhy

making an “across the board" adjustment to all INR ratings inappropriate,

Impact sound pressure levels normalized to Ag = ll)m2 are plotted, to the
nearest whole dB, on graph paper on which the erdinate secale is 2om/dB
and the abscissa scale is 50mm/decade, ' ' :
In order to produce sound levels In the receiviop reom that are suf-
fietently above backpround noise to give valid readinga, the 180
standard tapping machine produces sound levels that are much greater
than those produced by footsteps. Floors with the same subjective
detectability of footfall noilse may differ by as much as 14 INR units.
It is the opinion of the HHO author that for these reasons, the tapping
machine method 15 unacceptable for use in building code speccifications,.
The HMO author also expresses the opinion that adoption of the TNR or
IIC methods of rating impact sound insulation dnto bullding codes makes
little economical, political, or acousgtical sepse. Therefore, impact
gound insulation is rated indirectly Ly the HMO NNIC rating system

for airberne sound insulation.

The SSBC has no provisions for impact sound insulation requirements or
methods of testing for proper impact sound insulation.

FIELD TESTING AND MEASUREMENT:

AIRBORNE SOUND:

Appendix Chapter 35 of the UBC and the NIBC dndicate that field testing
ghell be done under the supcrvision of an experienced professional
acoustician who fowards the test results to the building officlals. Along
tha same lines, the HMO indieates that field testing should be under-
taken by the bullding code adminlstrator or by an inspection service

which has a renutation for quality and reliabllity. UBC has ne pro-
viclons for the actual tkesting of STC ratings but states that if
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testing is required, the UBC Standord No. 35-3, "Airboarne Sound In~
sulation TField Tests" 1s to be used. This standavd is based upon

the recommended practice E336-67T of the American Society of Testing
and Materials., In the UBC, all sound transmitted from the source room
to the recedving room is considered to be transmitted through the

tegt partition. The UBC standard defines certain words, abbreviations,
and their derivatives, and then indieates that the test speelmen must
be tested "as dis" with no alterations hefore or after the field test.
Aping pariods for specimens with curing times are discussed also. UBC
Standard No. 35-3 refers one to UBC Standard Ne. 35-1, "Sound Field
Test Procedure." Standard No. 35~1 determines that the sound trans-
mission loss {noilse reductinn) of the test parvtition will be derived
from neasurenchts in the two rooms involved dccording to the formula:

FIL = Ll - té (dB)

FIL = transmission loss {in dB) of the test parvtition (the prefix
F 15 added to indicate field measurement)

L1 = gvorage sound pressure level in room 1, the source room
= averagn gound pressure level in room 2, the treeelving room.
FTL is also defined in UBC Standard No, 35-] as:
PIL - 1./
10 loglo (‘1/_2)
W. = sound power (sound energy per second} incident directly
1 upon the partition on the source side

Wz = sound power radiated directly from the quict side of the
partition into the receiving room.

The HMDO uses virtually the same cquation:
NR="I:1-L2

where!
NR = noise reduction (accordinp to ASTM designation C634-69 T4.6).

However, the IIMO indicates that acoustiecal fleld testing of noise

.reduction should be indicated as the normalized noise reduction (HNR)

5o ag Lo take into aceount the absorption of the vecciving room. In
order to use the MNR, the reverberation time of the recelving room
must be know. (Determination of reverberation tiwme 1s discussed as

a funetion of frequency and measurud In the same 1/3-octave band widths
ag the NR valuces so that the sormalised unise reduction ean be cal=-
culated. In the §M0, normalized noisce reduction iz defilned asy

MR = NR + 10 log  (T/To)
10 770

10




NNR = normalized nolse reduction

NR = measurad noise reduction

T = measured reverberation time in the recelving room
'.'l‘0 = raference reverberation time of 0.5 seconds.

No formal requivements for f£1cld testing is wricten into the HMO.
However, in a discussion Introducing the HHO, the author suggests

that sone sort of "go-no-po'" field test standards be put into practice.
One suppestion is that a standard sound socurce should be placed in

the sending room producing a standard sound spactrum, Sound level
readings would be taken using a sound leovel metcoy, en the A-woighted
scale. "All-pass" veadings (instead of multiple band frequency
readings) would be taken at several points in both the source room

and the rocedving room, The space-averaged A-levels would be determined
and then the "A-weighted noise reduction" (the diffevence between the
two readings) of the coustruction between the two reoms (Including
flanking transmission} would be calculated., If the calculatlons showved
sufficient neise reduetdon, the comstruerion would be presumed to be

satisfactory.
The NYCDC refcrence standard RS 12-2 indicates that fleld testing for

STC ratings are to be done in acceordance with ASTM LE90-~61T (omitting
paragraphs 3(b), 3(c), 3(d), and 3(f); or Alhert london's "Methods

- of Determining Sound Transmlssion Logss in the Field" which is in the

Journal of Reseorch of the National Bureau of Standards. The NYCBC
states that installed equipment must not £ail by more than 2 dB in
any octave band, and that the installed partition (or floor-ceiling
assembly} must not fail by more than 2 points to meet the code's

STC¢ requivements. (The HUD report indicatus that £icld tested STC
ratinps may be as much as 4 to 3 points, on the dverage, lower than
laboratory 8IC ratlngs.) The IO is somewhat 1like the NYCEC in that
it requires construction not to fall by more than 2 rating peints teo
meet its normalized nolse isclation class (NNIC) standards for alr-
borne sound dnsulation, Nedther Appendix Chapter 35 of the UBC nor
UBC Standard No, 30-3 indicates that fleld test measurements are nec=-
egsary for a partition to comply with UBC alrborne sound insulation

requirements. .

The NIBC (Art. V. sec. 3.12(b)} and NCBC (sec. 2.5(e)) state that field
airborne sound transmission test procedures are to be conducted in
accardance to the anplicable portions of ASTM EY90 and its related

.appendix. The BHBC requires much the same thing by stating that air-

borne sound control field testing and measurement be conducted in
accordance with the latest standards set forth by the ASTM. MNone

of these three codes designate what fileld test results are necessary

for a partition te comply with their airborne sound insulation requirements.

The SSBC has no previsions for airborne sound lInsulation field testing.
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IMPACT NOISE:

The NYCBC has no specilic provisicns for [ield testding floor-celling
congtructions for impact nolse reductlon. NYCBC has no specific testing
procedures but indientes rhat the floor-celling syatem, if measured

in the field, 4s not Zn conformance with the code 1f Lt exceeds the
NYCBC INR requirements by more than two points.

The UBC states that impact sound Insulation field tests, 1f required,
shall be accovdance with UBC Standard No. 35-2, This standard is

based upon the U.S. Department of Housing and Urban Development (BUD)
Publication FT/TS524, “Guide to Hoise Control in Multifamily Dwellings."
Both, the UBC standard and che 0, Jdefllne the average scund precsure
level as:

E = 10 10[.',10

where: .
Py, Py, Py 2 rimes, sound pressure at . n differeat positions in room

P, = reference sound pressure

According to UBC standard Wo. 35-2, the normalized impact sound pressure
level 13 measured in a specific frequency band in the recelwving rcom and

is defined as:

L, = L - 10 logyq(A,/A)

vhere!
L. = averape sound pressure level in the receiving room produced

by the standard tapping machine
A = measured absorption in the rezelving room
Ay = reference sbsorption (10m2 or 107.6 sabins)

UBC Standard No. 35~2 carefully describes, in complete detail, the
atandavrd tapping machine and also explalns the methods of measuring
transmissions as well as the determinatlon of the average sound pressure
levels. Also within this standard ave directions for providing a statement

of results.

The ¥MO, unlike the UBC, has no specific guidelines for field testing
procedures, but does state that any necessary testing may be undartaken

by the administrator or by an inspection service which has a reputation
for quality and reliability. The requirenents for conforming constyruetion
are much like those of the NYCEC, The construertion in question must not
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exceed the normalized noise isolatlon class (NNIC) standarvds by more
than 2 rating points between the two spaces being measured, (After
some discussion in his text, the author of the HMD expresses the opinion
that neither the TIC nor the INR system 1s appropriate for building

code usage.)

In a general discussion, the HUD report indicates that there is no
standard method of field measurement of impact sound insulation in the
United States. (The Uunited States voted against the T1.5.0. recommen-
dation R-717, "Rating of Sound Insulation for Dwellings". However,
HUD indicates that impact sound prassure level measurements should be
performed in accordance with the current methods of test which are
endorsed by the najor standardization organizations., The I.5.0. Re-
commendation R-140, '"fileld and Laboratory Measurements of Alrborne and
Impact Sound Transmission", ISC/R140~1960 (E), of the International
Organlzacion for Standavdization, has been used Internationally to
enable objective measuremonts of sound transmissions., HUD recommends
the following methad currently in use at thae MNotional Burecau of
‘Standards (which has been under consideration by the ASTM),

In this method, a "standard" tapping machine (as specified in ISO/R140}
i8 used on the floor-ceiling assembly and measurements of the resultant
sound pressure levels produced in a reverberant room directly below
are made. Sound pressure levels are weasured in 16 centinguous 1/3-
octdve: bands with center frequencies in the 100-3150 Hz range and averapged
over time and space. These measurcments are made at six stationary
microphone posttions or with a slowly moving microphone in the re-
ceiving room with the tapping machine placed successively in at least
three specifiad locations on the floor. Results of the measurements
are reported as impact sound pressurae leveis (ISPL) and ave normalized
. to a reference room absorption of Ao = 10m~ or 107.6 sabins.

The NCBC [sec. 2.5(f)], BHSC [sec. 1314], and the NIBC [Avt. V, sec, 3.12¢a)]
require that lmpact neise field testing he done in accordance with inter-
national standard I.8.0, recommendation R 140, "Field and Laboratory
Measurements of Alrborne and Impact Sound Transmission." The S8BC has no
provisions for field testing floor-ceiling constructions for fimpact noise

reduction.
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ACOUSTICAL TSOLATION OF DWELLINGS:

AIRBORNE NOISE:

The NYCBC [C26-1208.2(a}(1)] requires that, as of Jamuary 1, 1972, walls,
partitions, flonr-cciling construectlons thar separate a dwelling unit
from publie spaces (e.p. stairs, hallways, lobhies, gavages, ete.), or
from another dwelling unit, are to have a minimum sound transmission
clasgs (STC) rating of 530 for alrborne noise., Dwelling unit entrance
doors are required to have an STC rating of nt least 35, The STC ratings
are to be obtained from, or determined by, NTCRC reference standard RS
x2-2, '

The SSBC and NCRC provide that the above described partitions, walls,
and fleor—-celling systemns arc to have a minimum STC wating of 45 with ne
mention of entrance door vequirements. STC ratings are to be tested in
accordance with the latest revisions of ASTM 100-61T, so says the S8BC.
The RCBC requires that STC ratings be tested in accordance with ASTH EQO
and its gppendix.

The BHRC is wery much like the SSBC and NCBC except that o minimam STC of
48 is required, The BHRC speeifles that the above desaribed separation
walls must extend through the ceiling to the floor above,

The URC requires that all separating walls and floor-ceiling assemblies
are to meet a minimum STC rating of SO (453 is fleld tested) as defined
by UBC Standard No. 35-1, "Laboratory Determination of Airborne Sound
Transmission Class." Wowever, this standard 1s based upon specification
E90~-70, E413-70T, and L90-61T of the American Society for Testing and
Materiuls.  Dwelling unit entrance doors with scals are required to
maintain an 8TC rating of at least 30. [Sec., 3501(b)]

The HMO bdreaks down 1ts airborne noise control recommendations into
different bullding types: multdple unit dwellings (including both apart-
ment buildings and mixed dwelling~commercial structures); Single Unit
Dwellings; Commercial, Industrial, and Profession Duildings; Schools;

and Hospltals. '

For multiple unit dhullings, the MO recommends a normalized nolse iso-
latton class (ENIC) mInimum rating of 50 hetween one dwelling unit and
another {or public area includinp hallways, lobbies, stairways, ete.; or
service spacces Including meshanical equipnment rooms and shafts, elevator
shafts, gavages, etc;} or commercial spaces Jncluding industrial, recre-
ational, and professicnal spaces)., Also recommended is a minimum WNIC
rating of 45 hetween a bedroom {with its doors closed)} and other rooms
of the same dwelling unit. Retween a room (other than a bedraom} and
other rooms of the smne dwelling unit, it 1s recommended that there
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should be a minimum NNIC rating of 40 [See. XX02.1].

For single unit dwellings, the HMO recommendations of interspace NNIC
requirements within the unit are the same described above [Sec, XN02.3].

For commercial, industrial, and professinnal buildings, HMO recommends
that between spaces or reoms occupled by an establishment and another
space occupied by a different establishment {or mechanical space or
shaft), there is to be a minimum NWIC rating of 50 [Sec, XX02.3].

Schools and buildings used primarily for educational purposes, according
to the HMGO, should have an BNIC rating of at least 45 between any two
occupled spaces (dncluding classrooms, gymnasiums, librvaries, offices,
cafeteria, cte.}. [See. XX0Z.47.

Between bed-patient cave rooms (e.g. wards, scmi-wards, semi~private,
private) of hospitals (or bulldings used primarily for dn-patient health
care, but not limited to hospitals, infirmaries, sanitariums, etec.), the

.HMO recommends that there be a minimum NNIC wating of 45, Between bed-

patient care rooms and other types of spaces {e.g. pharmacy, lobbies,
kitchens, surgical prep rooms, ete.), it is recommended that there he a

minimum NNIC racing of 50 [Sec. XX02.5]

.

The author of the IR0 streases the point that the recommended NNIC

ratings in the model ordinance used for noise control criteria are subject
to modification to allow for varied noise envirvonments (e.g. urban, sub-
urban) and different economic conditions, HUD acknowledges these vavia-
bles and other factors in develeping its STC recommendations. Some of
these factors are: possible chavacteristics of intruding noises; sound
insulation performances of walls and floor-ceiling assemblies, particular-
ly as integrated systems in a building complex; the types and intenslty
of noises subjectively acceptable te the majority of oscupants; and the
effects of background nolse and its use as a masking agent. Taking into
account these variables and factora, HUD defines three grades (Grade I,
Grade II, and Grade III) of acnustical environments and situations,

HUD used an empirical approach to develep its STC eriteria for nolse
control., Using average data collected from an extensive literature sur-
very as well as unpublished results from National Bureau of Standards
investigations into the matter, HUD approximated subjectively acceptable
levels frow anticipated nodse levels (NG curves adjusted to 1/2-octave
band levels) within vardous apaces of a dwelling unit. By subtracting
these assumed aceeptable levels from antleipated noise levels intruding
upon the spaces (adjusted to 1/2-octave band levels), HUD obtained the
sound pressurc level differences requived tc reduce the anticipated
noilse levels to the assumed aceeptable levels. HUD docs acknowledge
that sound insulation criteria depend upon sound absorption of the space
and partition area. Even though NUD acgsumes that the measured sound
tranamission loss (STL) values of partitions are represented directly by
the values of given sound transmission class (STC) contours, HUD recog-
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- Grade TI oy Grade III. (See table 1).

nlzes that this is seldom the case and suggests that this {42 a reasonabla
approximation for establishing a criterion with a single-figure rating.

Grade I is applicable primarlily In suburbun and peripheral suburban
residential arcas in which exterioy nighttime noise levels would be ap--
prowimately 35-40 dB(A). The interior nolse environment might be
characterized by noize criteria valuas of NC20-25, This grade is also
applicable to certain eases such as Jwelling units above the eighth £loor,
and the better class ("luxury") buildings, vepovdless of location. The
STC values recommended in this grade are usually hkigher than those on

Grade II is mostly urban and suburban areas considered to'have an "averageﬂ

nolse environment in whieh the nighttime exterior noise levels may be
about 40-45 dB{A) and the permissible dinterder nolse environment should
not oxceed NC 25-30, HUD indicates that emplasis should be placed on
Grada %I ginec 1t represents the larpest percentage of multifamily
dwellings., (Sec table 1).

Grade IIT is applicable dn some urban areas considered to be 'noisy."
Nighttime enterior noire levels may be as high as 55 dB(A) or higher.
The recommended Interior noise envivonment should nol exceed the NG 35
characteristic, The criteria for noise contrel in this class are usally
lower than Gradea I or 1. (Seec table 1).

Other types of buildings (i.e. commercial, industrilsl, recreational,
schools, hospirals, and professionnl builldings) are not discussed in
depth in rhe MUD repert. Recamnendetions are made for airborue noise
contrel critevdiz in mixed dwelling-commercial structures.

The STC rating criteria for airbornesound insulation of walls, parti-

tions, and floor-celling assemblies in the NIBC nre identical to those of

AUD Grade II recommendations. However, the FIDC also lists {ield tested

STC rating (FSTC) requirements, The NIBC has no provislions for airborne

seund insulation requirements for partitions within the same dwelling

unit as does LUD. -

Penetrations:

The 58BC has a general provision that states the STC rating of partitions
should be maintained and not altered due to penctrations, flanking trans-
misgion, or voiding alrspaces. Both, the NYCRCand UBC have the same pra-
vision but indicate more speeifieally the tynes of penctratiens and open-
Ings of cencern {e.g. pipe sleaves, midicine eablnets, bathtubs, ductwork
openings, ete.), and provide some examples for sealing che penetrations
properly (e.g. backplastering). The BHGC states that pipes within sepa-
ratious are to bo wrapped and volds avcund these pipes packed with sound
deadening material. It also ealls for caulking (with non~harden-
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ing, non-skinning caulking materdal) of the perimeters of separation
walls and the perimeters of openings eut dnte, or throuph, the separa-
tion wall. The BHBC also specifies that mediecine cabinets, vents, or
electrical outlets serving one dwelling unit are not to be placed hack-
to-back with, or immediately adjacent to, other medicine eabinets, vents,
or eleetrical outleéts serving another dwelling unit.

The RUD recommendations vefer the veader to the text and discusslons
accompanying the recommended eriteria for specific solutiens to pene-
tration problems. The HMO does not mention this aspect of alrborne
noise control specifically. ' .

STRUGTURE PORNTE KOISE:

In the UBC, flonr-ceiling constructions separating one dwelling unit
from another are required to have a minimum Impact Insulation Class
(IIC) rating of at least 50, 45 if field tested as defined by THC Stan-

ﬂnrd No. 35-2,

The NYCBC requires that floor-ceiling assemblies separating dwelling
units are to have a minimum Impact Wolse Rating (INK) or 0, The INR are
to be obtained from.MYCRC reference standard RS 12-3 [C26-1208.2(b) (1-3].
The BHBC also calls For an INR rating of 0 or greater [See. 1314], where-
as the NCDC ouly reguires an INR of -5[Sece. 2.5(a)].

The BHBC, NYCBC, NCBC, and NIRC state that floor coverings may be inclu-
ded in the floor-cedling assenbly when obtaining ratings. However, these
floor coverings must then be maintaiuned as a permancnt part of the overall
floor-ceiling system. The floor covering may be replaced by otlier floor
coverings only with the same (or better) noise reduction characteristics.

HUD has recommended IIC (as well as STC) ratings listed for floor-ceiling
constructions between dwelling units according to Grade (as described

above) and according to the function of the floor-celling parvtition (e.g.
bedroom above bedroom, kitchen above living room, ete.)({see tahle 2), HUD
declares it desirable to have floor-celling parcitions separacing spuaces

- of equivalent functioms, e.g. bedroom over bedroom,

The NIBC has preciscly the same required criteria for impact sound insula-
tion of floor-celling assemblics betwsen dwelling units as HUD's Crade
I dmpact cound insulatlon receamendatlons [Are. V, Seec. 3,10(b)}].

After ‘sone discussion In his text, the author of the HMO declares that
neithar the IIC nor the INR systems are appropriate for building cede pro-
viglons. Thercfove, the HMO has no direct provisions for impact nelse rao-

gulation, MNowever, impact noisc 1s somewhat indirectly controlled Iy HHO*

airborne NNIC rating requirements between spaces.

The SSBC has no provisions for impact noise insulation requircments.
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MECIANICAL SYSTEMS AND EQUIPMENT NOISE CONTROL:

pPetatiled HUD discussions with illustrations and NYCBC regulations deal
specificnlly with the following noise control problems whiech the SSIBC,
BUBC, and UBC do not. The HMO mentions some of them, The NING and NCRC

also do not.

Ductwork:

The NYCRC and HUD arc concerned with vavrlous nolse problems of ductwork.
When two dwelling units share a cemmon duct in which "eross-talk" ecan
occur, the NYCRC sets forth requirements to assure minimunt attenuation of
sound traveling boecween the two units [020-1208.2(a)(5)]. Also the NYCLC
gpecifiea the minimum length required of duct lining from the fan dis-
charge or intake, Todilet exhaust ducts are required to have a minimom
amount of duct lining [C26-1208.3(a)(3)]., Maximum permissible air flow
velocities in ducts is established to control nolse from air flow and
turbulence {C26-1208,3(c)]. Duet vibratien disolacion is estahlished
which requires the installation of flexible connections between fan
equipment and ductwork [C26-1208.3(b)(9)]. Maximum permissible sound
power levels for duct termlpal univs (e.g. grilles, diffusers, regis-
ters, induction units, and fan coll units) are escablished [C26-1208.2(d)].
Theae maximum sound power levels are measured In dB according to cectave

band readings. .

The IMO i not conecerned specifically with ductwork and duct terminals,
but treats mechanical cquipment nolse with more general terms by speci-
fying maxinum Wolse Criteria (NC) ratings for variouz rooms [See. XX03.2].

The HUD report has detailed dilscussions and illustrations concerning
ductwork neise control.

Bollers and Boiler Rooms:

The NYCEBC requires that boiler rooms adjoining dwelling units, either
vertically or horizentally, be isolated from these units by a floor~
ceiling partitdon with an STC rating of no less than 50 [C26-12-8.3(a)(1)].
Structure-horne nolee in boller rooms 1§ controlled in the NYCRBC Ly pre-
seribing the location and minimum statle deflection required for boller
isolators. Beiler brecehingand piping is also contrelled by requiring a
minimum length of pipe to bLe resillently supperted and Zsoloted ag well
as requirving the minimum static deflection of these lsolators [C26-1208.3
(b}(1}]. 7The HUD report has detalled diseussions and illustrations
concerning acousticel contrel of heating and eooling cquipment including,
but not limited to, equipment selectlon, installation, and system nolses.
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Otherx:

The NYCRC has regulations and HUD has recommendations (in text diecussion)
pertaining to the following mechenical systems and equilpment neoilses:

1} both metal and masonry incinerator charging chutes (ineluding
rasilient isolatlon requirements for metal chutes, interior
finishes for masonry chutes, plumbness, ete.),

2) piping (including resilient lsolation requirements, isolation
of piping comnccted to power driven equipment and/or pressure
reducing valves, ete.),

3) isolation of equipment that ig not powar driven, but connected
to pouwer driven equipment (such as heat exchangers and absorb-
tion vefrigeration machines),

4} isolation reguirements for fans and fan metors {ineluding mini-
mum resilient pad thickness, minimum Llsolater efficiency, pro-
visioens for leveling, and maximum deflections of isclators),

5) opumpe (3 h.p. or more ipeluding ninimum vibration isolator
efficiency, provisions for leveling, and minimun resilient pad
-thickness),

6) compressors (including wminimum vibration isoclator efficiency,
provisions ‘for leveling, and minimum resiliont pad thickness),

7) cooling towers (including minimum static deflection, mininum
isolator efficiency, minimum resillent pad thickness, and pro-
vislons for leveling),

8) evaporntive condensers (Including minisum vibration isolator
efficiency, maximum statle deflection, minimum resilient pad
thickness, and provisions for leveling), and

9) all types of elevator machinery (e.g, geav-dviven, pearless,
motor generators, and controllers) [C26-1208.3(b)(2-103].

MECHANTICAL EQUIPMENT SPACE:

The KYCIC requires that spaces or shafts containing mechanical equipment
(air conditdoning, refrigeration, ventilation, elevator machinery, or
other mechanical equipment) isto be separated, both vertically and
horizoutally, by construction that has a minimun STC rating of 50, A
mechanical space in vhich there is equipnment tokaling more than 75

rated h.p. is not permitted to be located elther vertieally or horizon-
tally adjzcent to dwelling unltz, unless the tokal sound power level
output: does not exceed those listed in MYECRBC Table 12-3 in any octave
band [£26-1208.3(a)(2}].

The RYCBC also concerns itself wich speecific problems of noise control
such a8 noise from ventilation openings into mechanical spaces. The
locations of such openings and/oy the sound attenuation at these open-
ings are controlled.

The NYCBC controls exterior mechandeal equipment neises so that mechanical
equipment of a bullding located outslde is subject to noise output limita-
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- the dwelling unit grade (l.e, Grade I, Grade II, or Grade III).

tions when this noise infringes upon the eccupancy groups J-1, J-2,

or J-3 vhen thay are within a 100' splere of Lhe equipment noise (un-—
less the sound pressure levels, in octnve bands, of noise from. the equip~
ment does not exceed certain requircwments listed in NYCB Table 12-5, as

measured within the dwelling unic),

The HMO recommends that sound transwitted from spaces or shafts containing
the abova deseribed mechanical equipment, ductwork, ete.j are not con-
trollad by STC ratings of partitions, but by NG ecurves. HMaximum NC
ratings are listed for a) bedreoms in dwelling units; b) any room other
than a bedroom in a dwelling unit; ¢) wards, semi-wards, semi-private,

or private rooms used for bed-patient care in a hospital, infirmary, san-
atarium, ete.; and d) elassrooms, lecture halls, or other vooms used

primarily for educarional purpeses {Sec XX03.31.

Minimum airborne nclse insulation requirvements for mechunilcal equipment
spaces are not listed dn the URC or the SSBC.

The HUD report contains a small dilscusgion as well as recommendatlons for
pound dinsulation between dwelling units and mechanical equipment spaces.
HUD vecommends that whenever possible, the placement of 1iving areas ver-
tically or horizontally adjacent to m.a. roems should be avelded. lHot-
ever, when such cases are unaveldable, HUD sets forth impact and/or
airborne sound insulation cwiteria necording te parcition function {(c.g.
bedroom to m.e. space) and room location with respect tao the m.e. spaca
{e.g. m.e. space ovar kitchen, bedroonm over m.e. space, ete,) as well as

HUD |
also makes provisions to increase recomnended STC ratings by 5 points if
neise levels in the machanical equipment space exceeds 100 dB(A), measured
using a linear scale of a standard sound level moter,

Both the WYCRC [026-1208.3(a)(2)b] and the MO [Sec. XX03.2] have provi-
alons for pure-tone corvections due to mechanical cquipment nolse. In
the NYCBC, sound power levels of octave bands containing pure-tones from
nechaniecal cquipment must be reduced by 5 dB, Criteria for a significant
purc—tone is piven in the NYCRC. Approwimately the same requivements

are glven in the HMO.

Minimum alrborne noise insulation requirements for mechanical equipment
spaces are not listed in the UBC, S8BC, BURC, NWCRC, WIBC, or SSIC.

MISCELLANEROUS:

DEFINLITIONS:

The NMO, NIBC, and UBC have definitions of abbreviations, acoustical ter-
minclogy, and sometimes thelr derivatlens lnecorporated inte their codes.
The HUD report hag a section for acoustical terminology used In the report.
The DHBC, NCBC, NYCRC, and SSBC have no provisions for definitions of

acoustical terms.




TABLE 1
FEDERAL HQUSIMG ADMINISTRATION

DEPARTHMENT OF HOUSERG AND URBAN DEVELOPHENT
CRITERIA FOR AIFRCRNE SOUND IMSULATION
OF WALL PARTITIONS BETWEEN DUELLING UNITS:

ff Partition Function Between Dwellings Grade 1 Grade 11 Grade 11T
it A Apt. § STC STC TSIC
'l Bedroom to Bedroom 55 52 48
H Living Room to Bedroom) »2 57 54 50
: Kitchen3 to Bedroom! 58 55 52
Bathroom  to Bedroom! »2 59 56 52
Corridor to Bedroom?s* 55 52 48
> Living Room to Living Room 55 52 48
i Kitchend  to Living Room] 2 55 52 48
; Bathroom to Living Room 57 54 50
iy Corridor to Living Room2s4s5 55 52 48
g Kitchen to Kitchenb 52 50 a6
Bathroom to Kitchen 55 52 48
Corridor  to Kitchen®s#s5 55 52 48
Bathroom  to Bathroom 52 50 46
. Corridor  to Bathroon? »* 50 a8 46

NOTES; RE: TABLE 1

1. The most dasirable plan would have the dwelling unit partition separating

spaces with equivalent function, e.q,, living voom oppesite living room, elc.;

however, when this arvangenent 15 not feasible, the par

sound insulating properties,

2. Wienever & partition watl might serve Lo se

parcte several funcijonal spaces,

tition must have greater

the highest eriterion must pravail,
; 3. Or dining, or family, or recreation room
; . 4. 1t iy assumad that there is no entrance door leading Trom the corridor
to living unit.
A cowan approach ta corrider partitien construction correctly assures the
oo entrance door as the acoustical weakest "Tink" and then incervectly assuncs
T that the basie partition wall nead b2 no better acoustizally than the door,
i flowever, the basic partition wall may separate the corridor from sensitive
oo, Viving arcas such as e badroom snd bathroom vithout entrence doers, and
; must thorefore have adequate tinsuleting properiics Lo assure acoustical
B : privacy in those aveas. Im areas whore entrance doors ave used, the inteqeity
5 . of the corridov-1{ving unit partition kust be maintained by utitizing solid-
core enirence doors, with the proper aasketing. The most desivehlv avrangenent
has the entrance door leadisy Trom the corridor Lo a partially snclosed
vestibule or foyer in the Tiving unit. :
Rouble-wall construction is recomaended to provide, in addition to airborng
: sound insulation, fsolation frow fmpict poises gencrated by the placemsent of
u articles on pantry shelves and the slaaming of cabinet doors. Party valls which
Yy utilize resilient spring elenzats to achiove yood sound insulation may be used,
] providing cebinets are not mounted en them, It is noi preetienl io use such
valls Tor nounting of wall cabincts becawse the s foselating  performance
of the walls cen easily be short-cireuited, unless speciatized vibration

_dsolation techniques are used.

<
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TABLE 2

FEDERAL HOUSING ADMINISTRATION
DEPARTMENT OF HOUSING AND LIRBAN DEVELOPMENT,
CRITERIA FOR AIRZORHE AND IMPACT SOUND INHULATION
OF FLOOR-CEILING ASSEFBLIES BETHEEN DMELLING UNITS:

Partition Function Between Dwellings Grade I Gracde 11 Grade 111

Apt. A Apt. B STC  II¢ ST Iic STC  1IC
Sedvoom sbove  Redroom U1 Bh A2 &2 48 A8
Living Room above  Bedroam]s2 57 60 54 57 50 53
Kitchen3 above  Bedroom) 58 65 55 62 52 58
Femily Room above  Bedroom!s@» 60 65 66 62 £2 58
Corridor  above Bedroom! s 56 G5 52 B2 48 58
Bedroon above  Living Roomb 57 55 54 652 0 18
Living Room abaove  Living Reom b1:] 1) 52 b2 48 438
Kitchen above  Living Room!:2 56 60 52 57 48 53
Family Room above  Living Roamlies £8 62 54 60 52 56
Corridar  above Living Rooml»2 55 60 52 57 48 53
Bedroom above  Kitchen] .45 58 52 55 50 52 45
Living Room above  Kitchenths 65 55 52 52 48 43
Kitchen above  Kitchen £2 55 50 62 46 A8
Bathioom abova  Kitchen» B 5% 52 &2 48 18
Family Rocm above  Kiichen]»Z»4 55 60 52 58 48 54
Corpidor  abave Kitchenls@ 50 55 Y a6 48
Bedroom abave  Family Room):% 60 .50 56 48 52 46
Living Room abave  Family Room]s5 58 52 54 50 52 48
Kitchen above  Family Room!s 5§ 55 52 &2 48 50
Bathraom above BRathroom 52 52 50 50 48 43
Corridor above Corridor B0 80 48 48 46 46

NOTESS RE: TABLE 2

j

ny

Li

The wost desira ble plan would have the fleor-ceiling essembly separaling

spaces wilh equivalent function, c.q. Iving room above living room etc,s
however whet this arrangenmant e not feasible the assenbly must have gtcatcr

acoustical insulating prepertics,

This arvangement lequ:req greater 1npact soungd fnsulation than the convensc,

where a sensitive area is above a 1oss sensitive area,

O dining, or famtlv. or recreation voou,
The airborne SYC eriteria in this table apply as well to vertical partitions

between these {wo spaces.
This arrangosent requires equivalent airborne saund :nsu1aL|nn and perhaps

Tess dmpact sound insulution than the converse.

22
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NOTES; RE: TABLE 3

1. Closets may profitebly be used as buffer zones, providing unlouvercd

doors are used,
- 2, -Poors Teading to.bodrooms and bathrooss preferably should be of solid-core

construction and gasketed to assure a comfortable degree of privacy.

Townhouses and row-houses where the 1ving unit cccupies more than one story

should be separated by double-wal) construgtion with o vating of STC = 60 or
greater, Suggosted criteria helweeh vooms in 3 given dwelling are the sane
.85 Jisted in Table 3 above in addition, the floov-ceiling structures should
have 1IC rotings which are jeast numerically eouivalent 1o or greater than
the Tisted STC criteria, . .

Roof-top or indoor swimning pools, baw]ing alleys, ballroams, tennis courts,

gymnasiues, and the Jike require extremaly specialized acoustical considerations.

Constiructicens which meet the above recenmended eriteria showld provide
adoquate acoustical privacy in most cases. However, after sufTicient data
are obtained which may relate occupant subjective satislactinn with ohjective
measurcments of Lhe acoustical properties of structures, it may becone

gppearent that revision is pecessayy and desirable, Such subscaunnt rovisions

might be in the more stringent direction or indecd, pevhaps in the less

stringent direction to effect a desirable balance belween acoustical privacy
tnd cconemic feasibility. Hevartheless, the inherent Flexibility of the sy?tcm

provides for case of revision and a hasis upon which subsequent incrementa
changes might be made by code authorities and architects,

e B s ot s s e o
b
| : - TABLE 3
f
i - ) FEDERAL HOUSING ADMINISTRATION
i DEPARTMENT OF HOUSING AHD URBAN DEVELOPMENT
i SUGGESTED CRITERIA FOR AIBBORNE SOUHD INSULATION
i WITHIN A DWELLTMG UNIT .
{ Partition Function Between Rooms Grade I Grade 11 Grade 11
,- STC S1C sTC i
il
! Bedroom to  DBedroon] 48 44 40 i
i Living Room to  Bedroom! 50 46 42 |
: Bathroom  to Bedroom? 52 48 45 i
" Kitchen to  Bedroam 52 48 45 H
p Bathroom to  Living Room 52 48 45 .ii
!
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SECTION FOUR

DOMESTIC ROISE CONIROL THROUGH RBUILDINCG CODLE PROVISION!
(Results of Questionalres and Correspondence}

On the Municilpal Level:

" The mundeipalities sent the questionaire were those that indicated concern

for community neise control proprams aceording to a status report on
city nolse ordivonces. Sixty-seven munlelpalitics in the 40 scates
were sent the questionaidre; 35 answered, slipghty aver 50%. |

Many of the cletdes responded that they have some type of pgeneral

noise contrel program. ‘YPable 4 imdlicates that most of them have

adopted general nuisence ordinsnces -hich are net enforced unless there
is a complaint.. Many of these nuisance ordinances which sre enforced

by the local police department equipped with some pressure level meters.
In some instances, it was indleated that wolse nolssnee ovdinances

were enforeed by a pollutien control inspector of the local Air Pollution
Control Department: such is the case in Columbia, South Carolina.

Some cities, such as Lakewood, Colorazdo hava noilse control programs
consisting molnly of vehicle monitoring, compliance testing, and complaint

reaponse. The eities of Culifornia enforce state leglslated wvehicle

noise codes.

Many of the communitiles answered that the main structure of thelr nodse
contral programs lies mostly within their zondng regulations and |
ordinances; e.g. setting maximum allowable amblent neise levels wilthin
& partieular type =one. Tempe, Arlzono estahblishes neise coutrol
through extensive land-use planning which is enforeed through their

zoning depavtment.

0f the 35 cities answvering the questionalre, only 5 indilcated thak
their noise control programs included proviscfons within their local
~building codes. These five ecitica are: New Verk, Mew York; Hewark, Calif.;
Yarthbrook, Il1l,} Pocntello, Idaho; and Poptland, Oregon. Four other
citiea indleated that vthey have ndoprted the Uniform Bullding Code dn
thelr Jocal wrdinumees, but they do not enforse Appendix Chapter 35,
"gound Trensmission Control", These eities are Albuguercue, N. MHex.;
Beverly Hills, Calif.; Minneapolis, Mlun.; and Torrence, California,
Deverly llills scated that dts buillding departwent only enforces nolses
from fixed mechaulenl equipment (c.g.alr conditioning equiprant, pool
pumps, iIndustrial machinery, ete,). The status veport In Sound and
Vibretion indicated that the mundeipalities of Los Anpeles, Calif.;
Chicago, Xll.; Wichita, Lan.; Ann Arbor and Milfovd, Michigani
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Bloomington, Minn.; Helena, Mont.; Irving, Texas; and Milwaukee,
Wisconsin have some type of noilse control within thelir loeal building
codes, but thesg citics did not reply to the questionaire cent to them

by thisa author,

The only municlpality responding to the questionaire with a. totally
comprehensive program for nolse control was Mew York Clvy. Wew York
City's Burcau of Noise Abatement is responsible for the administrative
end technlecal aspocts of the clty's noise control programs while the
Division ofi Hodse Enforcement of the Department of Alr Resources is

primarily responsible for enforedng the provieions of the noisc control

ovdinances, but wol tliose of the building code. The Department of

Bulldings is vesponsible for the enforesiuent of the sound control pro-
vigiong in the Few York Clty building code. However, there is
minlimal contact between the Department of Tulldings and the Depart~

ment of Alr Bescurces.

Only silx munlcipelitcies responded indicating that they have established
a budget for general nolse contrel and enforcement., These hudpets
ranged froml.6¢ per capita (Columbia, S.C.) to 44.6¢ per capita

(Palo Alto, Calif.). The City of Tortland replied that it has proposed
a budpget of $30,000, ahoub 7.7¢ per capita for nolse contrel and.en-
forccment (primnrily for enforcement of nevwly adepted building code

found provislons).

Staff involved directly with tlic enfercewent of goneral nolsae control
programs range from one man part~time (Uoiusbia's TPollution Control
Officer) to New York's moye than 40 full-time personnel, The New Yorlk
Cicy Bureau of Rolse Lbhatemeni staffz 18 physicists and enginzers plus
support persomnel. The Few York Clty Divieion of Nofse Enforcement has
three senlor inspoctors, 20 inspectors, plugs elerical and administrative
help. Generally though, noise enforcement is done on a part-time busis
by police officers or by other part-time personnel, sometines sveraping
as little as 2-3 house per weak, Dullding code regulations for noilse
control are ugually enforced part-time by bLuildiny inspectors and plan-
checking personnel, Such is the case even in New York City Departhent

of Buildings.

Both New York City and Teortland indicated that approximately 5% of

thedr building depavtment's total time is spend on noisa control en-
forcement. Portland's propesed budgec Cor nolse contrel includes hirxing
a full-time accustician, Pacatello, Idale stated that approximately 1%
of its bullding department's total time is spent on noise control

enforcement, ‘

The amount of Inctrumentation used to support their noise control pro-
grems vavied with the responses from the differvent citles. Some had

enly sound rressure level meters for enforcoument purpeses as compared
to the varfous types of cqulpment (end consultation serviees) used by




the City of New York. The N.Y.Q. Bureau of Noise Abatement spends as
much an $200,000 in one year for equipment purchases and consultation
conttracty. Appendix ¥ 1s a list of equipment for the New York Cilty

Division of lNoise Enforcement, Bureau of Nolse Abatement, and Deport-

mept of Buildings,

The City of Poecatello first adopted bullding code sound contrel pro-
vigions as carly as 1965 using the Uniform Bnilding Code (UBC) as a

model, Tn 1968, affter extensive consultation with experte and research,
New York City adopted ites comprchensive bullding code noise control re-
gulations. The most recent city to adept sound control provisions within
its loecal building ende is Tortland which also wvsed the UBC recommenda-—
tion as tbe model ecode, Portland adopted its provisions in December 1973.
Maost citdes responding to the questlonnaire with sound control provisions
within their building codes veplicd that they also used the UDBC recommen-
dations as puldelines, Howaver, MNorthbrool, Illinois, Like Wew York City,
established its building code provisions through extenslve rosearch and

consultation with experts,

Of the municipalitico responding, enforcoment of their building cods
regulations is the responsilbililcy of some type of bullding department
{e.g. Lurcau of Nuildings, Department of Buildingo, ete.). Howevern,

the entire noise control program of Columbiz, S, €. s under the Depart-"
ment of Puilding and Inspection where the immediate supervisor of the
Polluticon Control Officinl is the Nullding Official. However, since
Columbia uses the Seuthern Standard Bullding Code, they do not enforce
noise contrel as part of thedr building code since the SSBC only provides

recormendations for airhorne sound control,

Pocatello indicated that approximately 1% of its nolse control budget
18 for the enforcement of sound contyel provisions in building codes.
Portland, Orepon stated that 80X of Lts proposed budpet for nolsc
control will be spant on enforcing building code provislens (if the
budget ia approved). The other communities did not respond to this

question,

Of those ciltdes that answered, with the exeeptiecn of New York GCity, thay
all indicated that cvadning of personnel who were to enforce the buil-
ding code regulations had wminimal professional training usually amounting
to neo more than ou-the-job training or practice in the field. Somctimes
1f a nolse councrol course is available locally, the city would send
their personnel to take the course., The New York City Department of
Noise Enforcemsnt (NYCDHE) persomnel must successfully complete a
rigorous one-week training taught semi-annually before assignment in the
field. All NYCDHE personnel (except support personnel) have at least a
Bachelor ef Physies or Bachelor of Fleetrical Enginecering Degree. In
the Department of Buildinps, all new ecxaminlng personnel attend a course
coneerning npolse control in BLuildinga,




Of the six citdes with building code provisions, two indicated that they
had good inter-agency contact (c,g. joint inspections, conferences, etc.)
and coordination; these two cities being Novthhrool,¥ll., and Portland,
Oregon. The other cities, ineluding New Yoyl City, indleated that they
had minimal or no contact at all with other departments or agencles

within their own munleipal government,

In five of six municipalities with sound control provisions in their
bullding ecodes, the attitude of the peneral public wus rated as being
"for" these provisions. The only other answor was that the gencral
public was indiffercnt towards these provisions. As far as the building
rrades are coucerndd, only Novashk, Qoliferale indientod that it was
recciving any resistance, tluic being from the leocal iome Duilders Asso-
clotion, The other municipalities indicated that the bullding trades
were either for, or Indifferent in attitude tovards the building codo
provislons. Portland, wie just recently adopted tle recommended
Uniform Bullding Code provisions for nodise contrel, stated chat the
responae Lrom the building trades, "has been constructive." The pro-
fepsionnl community {e.g. architecte, cogincers, acousticians, etc.)
are, on the most part, "for'" the bullding code provisiens.

Of these six municipalities with building code provisiono, only one,
Northbrool, indicated that they moy have any improvementcs pending.
They intend to expand thelr ordinances to "include other uses,"

To generate publie awareness of thelr building code regulations per—
talning to sound control, Newark provides a hrochure advising desipners
of its building code requirements, Portland indicated that its eiti-
#eha are becoming increasingly aware of the necessity for sound control
and that its eitizens have been talking an active part in meetings con~
cerning the problen. . The other communitlea with noise control bullding
cade provisions did not comment concerning the extent of, or the methods
used to generate, publiec awareness of thelr noise control preovisions,

Portland stated that a mzjor accomplishment of thelr building code
provislons for noise control has been to provide specific requirements
that can he enforced, Newark believes that there is a hipher quality
dn mulut-family units (with increased privacy) being hullt aceording te
thelr building code noise control provisions, HNorthbrook and Poegatello
responded along the same lines Implying that the increased privacy pro-

vided for better buildings,

Northbrook noted that a shortcoming of its nolce centrel building code

- provisions was that it may need to Le "updated at intervals." The
other cities state that there are no areas of their sound control
provisions that need to be dmproved or revised,

When asked what problems may have arised due to the nolse control:pro-
visions within their bullding codes, Noarthbrook answered that in some
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instances, the sound contirol requivements may reduce fire ratings,
Newark stated that sope of the indirect problems arlsing from its pro-
visions were, in plan chacking, desipgners providing correct construc~
tion details for sound control; and in the fileld, good worlmanship to
provide correct coenstruction aud installation techniques. Wew York Clty
cited fadllure of equipment and building component manufacturers to
readily comply with noise control constraint requirepents.

Of the twenty nuniecipalities whieh have rome type of noisc control pro-
gram but do not: have nolse control provisions within their local budlld=-
ing codes, only five indicated that they intend to adopt such provisions
in the future, These § citles heing Collepe Pavk, Ga,; Dallos, Texas;
Lakewood , Colo.s Washington, D.C.; and Boulder, Colovado which stated
thut they wmay adopt building cede provisious within the next 2 to 3

yearn.

Me. Martda P, Walsh, Jr. of the Cincinnati Department of Ruildinps and
Inspections answered the survay indlcating that Cinclnnati has decided
to exclude sound control provisions from Its local building codes for

the follovwing reasons:

1) Noise control praovisions would be enforeced in the event of the -
alteration and rehabilitation of wultiple dvelling units
adding unnecessary cest to housing, and increasing the chance
of abandenment of vacant structuras due to the prohibitive
costs of rehabilitation,

2}  The Cineinnati Nousing Burezu has had no corplaints that could
not be handled by nuisance codes, ‘

3} Teople with loud audio equlpment {(e.g. 150 watt stereos) can
overpoweyr any cconomical Sound barrier.

4)  The amount of sound to he attenuvated depends on the background
masking noise level whilceh may relate to the lecation of the
building and this particular aspect is better handled through
zoning ordinances,

5) 1MNo partition or flooy~celling assembly is cqually effecctive
{In airborue sound control) for the full ronpe of frequencics.
Every system lhas & natural frequency it will respond to since
it interrelates to condlitlons of support, gpan, attachment, and
stiffnecss of intersecting partitions, atc,

6) In regards to floor iuwpact noilse, new dwelling units are almost
nlways carpeted which has a very favorable influence on Impactl
Noive Roedoetion ratings.

7) Many dtems inspectors cheek with regard te fire-stoppinp inside
combustible spaces, cte., Serve to lessen {lanking paths of
sound .

8) The apartment industry seems well aware of the sales/adver-
tising potontial of scund proofed units and the city finds

great veluntary attentlon to this.
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9) The Federal Housing Administratlon (THA) has checked such
systems In thelr property standavds and thus introduced a
strong finaneing coeredve tool In this area for years.

10) In conpaving standard wall constructions used in multi-family
dwellings meeting fire rasistance requirewents for dwelling
unit separation to standard acoustleal test tables, usually
those in use are of the 81C rank "“good - normal speech can be

heard falntly, if at all."

Some of the cities of California {(Palo Alto and San Franciseo) have
indicated that they will adopt noise control provisions within their
building codes if, and ulien, such codes mre required by state legisla-

tion,

Waghington, D, C, indicated that 1f they do adopt building cede pro-
visiona, they will probably use the New Yorl City Building Code and the
Federal llousing and Urban Development (HUD) recommendations as puilde—
lines. Dallao, and the citdies in California, iIndicated that the Uniform
Puilding Code would be used as the model code for develovping thedr sound
control provisions. Cullege Park, Ga. stated that it would research the
watter extensively while Lalkewcad, Colorado replied that their model
cade would probably be the wodel sound control erdinance for building
codes propesced by R, Weston in the Harvard Journal on Lepislation.

41l of these citles indicated thar if they did adopt scund control
requirements in their building codes, these requirements would be. en-
forced through their bullding departments (by hudlding iunspectors,
building officlale, ctc.). lowever, none of these cltics said that they

would provide for the training of their personnel.

Tor these cities which have  general noise control programs, but no .
provisions within their bullding codes, the genaral public's attitude
seems to be "for'' the establizhment of such provisions in three of the
cities, and indifferent in six others. There ig no evidence of vesis-
tance on the part of the geperal publle. Even though the Luillding trades
scem to be Indiffeorent towards the matter of estublishing sound caontrol
in building codes For these cities, Palo Alto indicates rhat the building
trades in 1ts comwmunlty appear to be against the escablishment of such
codes, llowaver, Talo Alto was the only cliy with genecral noise programs
to report this. The professional cemmunity (e.p. arehitects, engincors,
and acecunticians, etc.) is penerally in favor of establishing such pro=-
visions (as reported by four communities) or indifferent (as reported hy

three communities).

Of the ten nuniclpalitices that do not have a cemprehensive nolse control
program, scven indlcated that they have plans to, or that it is possible
that they may, increasc the coverape of their present noise contrel pro-
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grams. (Burbank, Califeornia replied that it would adopt a general
noilse control program only through state action;) Only Pittsburgh,
Pennsylvania indlcated that 1t had no plans for adapting any general
neise control proprams. Tueson, Arizonn; Nashville, Tennessee; and
Albuquerque, Mew Mexleo veplied that they would ilnelude performance
type provisions if, and when, they established a comprehensive noise

control proprawm,

The general public seems to be eithor for or indifferent towards the
idea of establishing noise control programs within these cities, but
not agalast it. The buillding trades appear to be either for or in~
different (execept for these in Mioneapolds, Hinn,) towards the estab-
ilshaent of communivy nofee control programs. The professional commu-
nity in these citles have the same attitvude as the building trades

concerning this matter.

Of the seven citles that stated they may adopt a comprehensive commu-~
nity nolse control program, vhen asked if they intend to include
building code wepulations, four citics (Albuquerqus, Honolulu, New
Orleans, and Tucson) stated clther “yes" or that it was "possible."
Arlington, Va, responded that Lt would adopt bullding code proviesions
1f required by state logislation. Toth Cineinnati and Minnecapolis
sald they vould not adopi bullding code regulations and Oklahoma

City did not know 1f building code regulations would be idneluded in a

cgeneral nolec program.

A- comprehensive comparison of sound control previsions in eight do-
mestic bullding codes (or recommendations) 1s piven in the next section

of this report.

On the State Level!

Of the four states that were sent the questionnalne, only one state,
Hawaii, replied, Califarnia, Virginia and New York did unot answer.

The State of lawaii has a VLudpet of 460,000 designated fior noise

contrel, That 1s approximately B¢ per caplta for Llts populatien of

750,000,

The scope of 1ts noise control program consists of the “eontrol of
excessive noise dn the state through the promulgation of regulation,"
However, what these regulatilens ave weve not indicated in the reply
to the questionnaire. It was stated though that noise control pro-
visions within stace bullding codes may be establlished in the nexnt

threa years,
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Hawailil also reports that the gencral public seems to be for the
establishment of such noilse control provisions, whercas the building
trades and professiopal community appear to be agailnst such provisions.

No other Information was offered in the returned questionnaive,

On the Hational Level:

The Noise Control Act of 1972 (NCA-72), enarted Ly Congress on Oc—
tober 18, 1972 end sipgned by the Presldent, Ocbeber 27, 1972, calls

“for-the Datioual buveau-of “Stundards (MRS and Lhe Envivommental Pro- -

tection Aguncy {LFA) to cooperate on the resenrch and development of
improved nmethods of standards for measuring, moniltoring, and controlling
nolse. The approprizeions of $3,000,000 for the fiscal year ending

June 30, 1973; $6,000,000 oy the [iseal year ending June 20, 19743

and $12,000,000 for the fiscal year ending June 30, 1975; were anthor-
ized to carry out the lleise Cantrol Act. 4 The current appropriaticn
ylelda approximately 5.9¢ per capita For the U,8. population of
203,165,573, The NCA-72 requires thot the LFA coordinite neise re-
search programs eof zll federal aponedes. This includes the Department -
of Houging and Urban Development (NUD} which has establisihed strong
nolse contrnl standards to be observed In the approval of all NUD

projects,

The EPA, as the NCA-72 requlres, nlso currently provides technical
assistance and information to state, loecal, and cther federal agencies
{e.g. HUD} for the abatement and control of noilse that jeépardizes the

public health or welfnre.

Currently, the EPA is preparing model urban noilse control legislacion
and is considering incorporating = generval prdvision for building code
requirements. This provision would provide for the

"Egtablichment of special noise ineulation districts within
which specificd buillding performance standards and noise
insulation distrilets shall apply, in order to prvoteet build-
ing occupants from excessive noise of external origine,"

However, it should be noted that this legislation ds still in draft
form and may be changed before publicatlon. Tt should alse be neted
that this section concerns the abatement of nnlse originacing Lrom
external sources and is nnt concornad with the control of neilse pene-
trating one dwelling unit from another dwelling unit,

The U, S. Department of Housing and Urban Development (1UN) of the
Federal Wousing Authomity (FIIAY hes developed a comprehenslve report
on noise control entdtled, "A Guide to Alrhorne, lmpact, and Struc-
ture Borne Noise-Control in Multifamlily Dwellinga.' This report,.
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publdshed in September 1967, contains a complete section pertaining to
FIA recommended criteria for noise control in dwelling units, as well
as the developmant of these eriteria, A thorough description of these
eritoria is given in the next scction of this report.

Miscellaneous:

Tha National Institute of Munieipal Law Officers (NIMLO) Hodel Ovdinance
Service has a model erdinerncc concerning community nodlse control. lHow-
ever, this model ordinance 1s primarily concerned with nulsance noises
and does not contain noise contrel provisions for community bullding
codes, A letter from Hr. Chris €, Oynes, WIMLO Legal Assistant, to

this author indicated that the NIMLO has no plans to include any
performance {opecifically STC ratings) provisilons within a revised
model ordinance in the near future.
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: ABBREVIATIONS; RE: TABLE 4 ‘ |
H . .
: k- The City of Cincinnati is against the estabiishment
; of noise contrel within building codus
GC pise control provisions within tocal huilding codes
co fidg, fept, Building Departinent .
. tldg.D. put1ding Department
aldg. I, puilding Inspection
- . B, 0. guileing Official
pur, Bldg, fureau of Buildings .
Class A course on the subject of rojse contral in buildings
. . EPA 1,5, Lnvironmentsl Protection Agency
F Full-time
izl Madal sound centrol bullding code avdinance proposed
by the llarvard Jurena) of Legislatich o
---huD redertl Bousing end Urban velonrent recomaendations
1CRO International Coafercace of Luliding Otficials meekings
Ind. Indifferent
L [xtansive Yand-use: planning
Lacal Local training classes
mil, Hitlion
win, Hinimal
H Gencral nuisence ordinances
HINLO patiopal Institute of Kunicipal La Gfficers model
ordinances
(A fiews York City building code
- oBhA detaye-Band Neise Rualyser
P part-tiwe
F Pract. . fractice or on-the-Jjab training
; fioch fatensive vesearch :
] SPLY sound pressure leve) peter
i S50 Southern Gtendard Building Code
S LGB niform huilding code {Appendix Chipter 35}
| ik, Unkhoun
i ¥ yehicular roise control ordinances
z 7oning noise coptral prdinances

HOTES; RE: TABLE 4

i
_ {14} Only if by state action .

IR A A

: (18} Stale regulations
o {2 Jicne necessary . )
4] 3} Hot within building codes, but in Potivtien tontrol Ordinances
2 supervised by building Officil .
£ - 4) One man part-tine, the Pollution Controt Offfcer
. A ’ 5 short courses (8.0, EPA courses) ,
i 6) tot within the near fulure -
7} Tixed mechanical natures Buitding Ropt; Hyisance: Police Dept. |
K 8} Plan Chocking and Inspection Plvision of the Mechanical 1nspection
cn Myinion of the Duilding fepartrisnt C
o, ot : {9} Within Hunicipal knise Ordinances, not Tuilding Codns o
10} Inspeclion Division of ‘Corspunitly Developient partinent
i : 11} Inginecys ave required Lo supphy the nehessary infarmation
i : 12} Resfstance frow the ilome Gudlders Azsoeialicn . :
[avironmental Plasning office |, .

13} Under superyision af the
14) .Proposel budget of 30,0001 which is 7.7¢ per capitu
153 42 tota) time divoted Lo nedze control
16) Preposcd budgel incudes the hiving of 2
17) "Theiy rvespense has been constructive,” i
1) Coneral nuisance ordinamces '
193 The tow York City Buress of Naise Abatement staffs 18 physicists
o ond engineers pius BuppaTl personnel; the Division of Roise
N Enforcenenl of the fapariment of Air Resources staffs 3 senfor
{nspectors, 20 inepecttis, plus clerieal and agministrative support

20} See 1isL on page
71} mne training class by two acaustical epiris
Luitding Code i% in use, Lwit the reconwie

fult-time acousticlan

\ 22} The Unifori ndations
: of Appendiz Chiptor 35 ara ot enforced
‘ {23) he Unifors buflding Cuda i< in use, Appendix Chapiet 35
cecensendations are eqlered, .
© e e s (24) State velicular noise regulation e )
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SECTION TIVE

INTERNATIONAL ‘ROISE "CONTROL “THROUGH BUTLDING CODE PROVISIONS

The followilng is a list of capsulor descriptions of required or recom-
mended alrborne and impact sound Insulation eriteria of 10 selected
forelgn countrics. (These countrles were selected according to the
avallability of up-to-date information and the variety of noise control

provisions utilized by them.)

Austriat
The standaxd: O NORM BBL1S

Alrhorne sound dnsulation of walls and fleor-ceiling constructions
betveen dwelling units;

échallachutzgruppe (scund protection group) Ona: IS0 airborne

reference curve .

Schallschutzgruppe Two:! IS0 airborne veference curve +5 di
~Jupact. sound dnsnlation of floor—celling constructions;

Schallschutzgruppe One: IS0 impact refevence curve +3 dB
Schallschutzgruppe Twot IS0 impact refecrence curve ++7 dB

Limit on noisc produced by domestic equipment included within stendard.

Canadat

The stendard: National Building Cede of Canada 1970, Section 9,11,

YSound Control", NRC No. 11246,

Construction 1970, Section 11, “Sound Coutrol', NRC No. 11542.)

Alrborne sound insulation of walls and floor-celling construction;

For all dwellings regardless of gized

(1} "Construction shall provide & sound transwission class (STC)

rating of not less than 45 between dwalling units in the same

bullding and between a dwelling unit and
(2) "Every service room or space such as storege toom, laundry,

workshop, or huilding waintenance room or parage serving more than
hall be separated from the dwelling unlis by
a construction providing a sound transmission class (87C) vating

one dwelling uwnit, s

41

(Also, Canadizn Cnde for Rculdcntial

any space common Lo two
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of not less than 45."
(STC ratings are o ba determined in accorvdance with ASTH E90-70.)

Impact sound insulation of floor-eeiling constructions;

No provisions.

" Denmark:

" The standard: Bygningsreglenent for kibstaederne 1 landee

Alrborne sound insulatlion of wzalls and Floor~ceiling constructions;

Betyeen rooms din different dwelling units: IS0 alrlborne refercnce
curve -2 4% (Ry = 49 dn)

In double houses, between kitchen and bathroom in one house and
room In the other: IS0 sirborne reference curve -+1 dB (R, = 52 dB)

Impact sound insulation of floor-ceiling constructions;

100 125 160 200 250 315 400 500 Mz
65 65 65 65 63 61 59 57 dB

630 800 1000 1250 1600 20q0 2500 3150 e
55 53 51 48 45 42 39 3G an

Limit on nolse produced by domestic equipment jncluded within standard,

The standard: British Standard Code of Practlce, CP 3 : Chapter III,

1960, YSound Insulation and MNoilse Reduction”. Alseo, The Building
Regulations, 1865, Part G, for Iaglend and Wales,

Correspondence with the Building Research Advisory Scrvice (England),
Department of Dnvirenment, indicates that the Dritish Standards
Institutlon has publishod a Code of Practice on sound insulation and
noise control in bulldings. This Code of Pracilee iz not mandatory,
only advisory. Nowever, the Central Government hos deafted Building
Repulations whiech are fully mandatory. The Duilding Regulations are
interpreted and adwministered by loecal governments (building inspee-
tion departments). TPTart G of these repulations establishes minimum
requiremencs of sound insulation for all separatinpg walls aud floors

between dwelling units.

Three prades of sound insulation have Leen established; Party-wall
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grade, Grade ¥, and Grade IL, The Part-wall grade is used Ffor
alrhorne sound Insulation horizentally between dwellings. Grade
L-airborne-sound and Grade I-Impact-sound are Lhe highest insula-
tion requivements that are "practicable" for alrbomme and impact
sound insul vertieally between flats. Grade IT is no longer accept~
able for comd contiol standards and has very little relevance to
present repulacions. (Grade II curves are 5 dB lower at all frequen-
celes for alrborne sound, and 6 JB worse (graphed above Grade I) at

cull frequencios for Impaet sound.)

A1l gradingo ave based on measurements made in accordance with

BS 2750:1556 normalized to 0.5 seconds reverberotion time in the
recelving room. Grading eurves arve applied to field measurecments,

In order to comply with a partieular grade, the total adverse devia-
tion from the grade curve is not to exceed 23 dB (measured at all
1/3-octave frequency bands betwezen 100 and 3150 iz).

Frequency Party-Wall Grade T Grade I
Hz . Alrborne Alrborne
minimng sound reduction through—
“walls (dB) ~v-floorn L(dB) .Floors (dD)

L 1 | T i X
125 41 38 64
160 43 39 65
200 ¢ « ¢ 4 4 e . "‘[i L T T S T T T 41 ] 66
250 - 45 43 66
315 47 : &4 66
400 4 * a * - * . !‘B L] +* . L L] . - - 46 * - . . a . [ ] 66
500 49 48 66
G40 51 49 65
11 L P 11
1000 53 53 63
1250 55 54 61
1600 [ - [] L) L] - - 56 * L] + L] . - - [ 56 4 L] [] - + . a 59
2000 56 56 57
2500 56 ‘ 56 ' 55
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Federal Republic of Germany ' (West Germany)

" The stondavd: DIN 4109

Mrborne sound insulaticn of walls and floor-ceiling constructions;
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Minimum: ISO alrborne referuvnce curve
Recommended: IS0 afrborne refercnce curve +3 di

Impact sound Insulation of Floor—~celiling constructions;

Mindimum! T80 impuact reference curve
Recommended: IS0 impact reference curve <410 dB

Linit on nolse produced by domestic equipment ineleded within standard.

Fragneoe:

The standard: - -

Airborne sound Insulation of wall and floovr-ceiling constructlons;

Sound level in 1/3-octave bands

«100- 320 Hz; D, = 36 43
400-1250 Hzj Dy = 48 a3

1600-3200 Hz; Dy = 54 db

Impact sound insulation of fleor-ceiling constructions;

Sound level in 1/3-occtave bands
200~ 320 Hz; Ly = 66 db
4001250 He; L, = 62 dB

1600-3200 Hz; L = 51 dB

Limit on nolse produced by demestic equipment included within standard.

Israel:

The State of Isracl's BEuvirommental Protection Service (EPS) of the
Prime Minister's Offdlce is & very new ageney. Mr, Richard Laster,
Lepal AMdvilsor of the EPS, was kind enoupgh to ansver and return the
questiomaire gent by thls author. He wrote back stating that the
questionnaire wag translated into Mebrew and then distributed to
fourtecen bodies, povernmental or othevrwise, so as to conduet his own
purvey concerning the use of noilse control techniques in Isracli
butlding construction. Although the annual budget for neise control
in Isracl is $175,000 (5¢ per capita for a population of 3,000,000);
only four of the nine agencies that returned the questionnalne to
him indlcated that they were iuvolved in sny way with noise control

in buildings.

Mr. Laster noted that there are standards in the Planning and Build-
ing Laws of 1965 which require a standard width for outside walls in
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buildings to help control nelses originating from outdoor sources.
However, there are no standards presently in Isracl conecerning any

other type of noise contyol for buildings,

If the bullding codes ave to be improved (either generally, or
specifically concerning noise control), the models that would
probably Le used would be German or Swiss,

Retherlandsa i

The standard: NEN 1070

Alrborne sound insulatien of walls and fleor-celiling constructions;
Imsulation Index for protecting a sensitive room:
Quality moderate: O 4B .
Quality pood: 43 dB
Insulation Indey between two sensitive rooms:
Quality modevate: -3 4B
i Quality pood: 0 dB
The Insulation Index Js based upon four octave bands with centers on
(Aixrborne Sound} '
250 Hz; 38.5 4D
500 Hz; 48.8 4B
“1000 Mz 55.3 dB
2000 Mz, 56.8 4B

Impact sound insulation of floor-cciling constructions;

Insulation Index for protecting a sensitive room:
Quality moderate: 0 d¢3

Quality good: +3 dB
The Insulation Index iz based upon four octave bands with centexs on

(Impact Sound} .
250 1z 72 4B
500 Hiz; 70 dB
1000 liz; 67 db
2000 Hz; 58 4B

‘Switzerland!

The standard: Provisorische Richtlinlen fur den Schallschutz im
Welmungsbau

AMrbore sound ingulatlion of walle and Floor-celling constructions;

Minimum: IS0 alrborne ruforence curve
Recommended: TS50 airborne reference curve 3 dB
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Sweden:

Impact sound inswlatdon of floor-ceiling constructions;

Minimum: IS0 impact refcrence curve
Recommended: TS0 iwmpact reference curve +10 d¥

Limit on noise produced by domestic equipment included within standard. -

&

Mhe -ctandard: SBN- .G7

Mrborne sound insulation of walls and fleor-ceiling constructions
of semi-detached houses;

Between living rooms: IS0 airborpne reference curve 43 JdB
Between store-rooms and Living rooms: IS0 airborne referonce curve

Airborne sound insulation of walls and floor-ceiling constructions
of other type residential buildings;

Between living roomst ISO alrborne refevence curve
Between store-rooms and living vooms: IS0 reference curve -4 dB

Impact sound insulation of floor-ceiling constructions of seui-
detached houses;

Between living rooms: IS0 impact reference curve +42 dB
Between store-rooms and living rooms: IS0 reference curve ~3 dB

Impact eound insulation of floor-ceiling constructions of other type
residential hulldings;

Between living rooms: ISO impact-rcfercncé curve +2 dB
Between stove-rooms and living roemws: IS0 reference curve -3 dB

Limit on noise produced by domestic equipment included within standard.

0f the thirteen foreign countries sent a questiocnnaire by this author
concerning nolse control within thedr national building codes, only
Canada, lIngland, and Israel responded with information pertafning to the
matter. Sweden sent back information concerning traffic nolse contral.
Austria and Vest Germany replicd that the questionnaire was being fowarded
to anotlier agency. Over three months have expired to date since the
questionnaires were first mailed out to them.
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Other countries with some type of nolse control reguirements er rec-
ommendatlons within their national building codes are:

Belgiums
Bulgaria
Czechoslovakia
Finland
Horway
Poland
Scotland

~Ua 88 R.

* no national requirements, but Britich, French, and German standards
are applied in cevtain aregs,
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SECTION SIX

THE PEOPLE INVOLVED

THE ARCHITECT

One of the primary responsibilitics of the architect is to provide for the
safeguarding of the building occcupant's health and welfare, This of
course includes maintaining optimal environmental conditiens wichin the
building, a provision whicl is inherent In pood buillding design.

The problem of sound ceontrol is that of the architect's, Acousties is an
integral part of the huilding design and csunot be isolated as a separate
entity to be added after the buwllding has been designed, AlL too often,
an unant:leipated nolse problem is discovered after the bullding is budle
(usually by the building occupant) and then an architect (and/or acousti-
cian) 1g called in to solve the problem, usually at considerable expense,
When concerned with developing the proper acoustical environment, the archi=
tect must take fnto econsideration all elements of desipn ineluding the
structure, the location of varlous types of spaces, and cven the surface
finish materials to be uged, Mast of today's architeets have but 2
spattering of acoustics -and nolse centrol thereby making many design

Tilstekes élther vut ¢of dgnorance, neplect, or lack of awarenens of poor

acoustieal altuations. Architects nead to hecoms more aware of proper
gound control techniques and implement these techniques into thelr designs.

Due to cconemle requirements stressing the nced for dry-unit constructilon
and flexdbility in partition arrangement, today's arehitect desigus for
thinness and lightweight construction in both partitions and floor-ceiling
agsemblics, Thercfore, contemporary structuyres use low-mass systems
which, 35 years ago, would have been considered to be too light and of
poor construction and design detsils should be rceconsidered in terms of

sound control.
The architect's principal problems relating to sound contrel are:

1) transmlsslon of sound through, or over, partitions,

2) trensmission of sound through filoor-ceiling assecmblies,
3) transmlscion of sound via atrusturcl components,

4) street and outside nolses penetrating the building,

5} mechanical equipment and systems nodses,

6) clectrdeal equipment and systoems nolses, and

7) “erosg-tall" through ductwork from one space to another.

Comprehensive sound control provisions wilthin building codes would help

insuyre that architects provlde proper solutilens to these nolse control
problens.,

48 . . . EECEI - P




f

;
5
:
i
K
"
§
i
‘
H
t
o
Tk
i
;

i

i
!
!
{
;
W
u

THE BUILDERS

Although the buildiuvg Industry has made great advancement in the building
and structural technelegles, conventional building techniques yleld some
of the noisicst buildings in exlstence. Buildings providing fev good
acoustical environments ave Increasingly in demand. Mortguge agencies
specify sound lusulatlon criteria when they lend their meney (because
quict buildings are more routable), and city bullding codes are gradually
being changes to provide for sound insulation requirments. Constructing
quict huildings has created scme problems for the bullder such as:

1) increased costs,

2) availabilirty of desired materials,
3) eg=e of installation,

4) delay in completion of work, and
5) good workmanship,

Entimating the additional costs involved in construating bulldings wich
good accustical insulation 15 very difficult eince there 1o relativaly
little relisble information on the subject. However, some catimates
indicate that the additional expenses for tho aceustical design and
treatment of bulldings wmight range from 2% to 10% of the total cuest

of the building, depeanding on the peographic area, labor market, and

- meegpononle Sonkore.,

Many bullders (and architects) may consider tho costs of sound dnsulation
too high. The same critledswn was heard dn the past with respect to
central heating and alr-conditioring, Wavertheless, despite their high
costs, central heatlng and air-conditloning are now considered to he
necessitles, not only in office buildings, but in homes (and sutomobiles)
as well, Hopefully, when noise control eviteria’are unifoimly adopted
within building codes, the buildiug industry will find materisls and
methods of construction on a nonprohibitive cost basis that will not
compronise quallty and safety, but will -Insure good sound contral,

Possibly the highest price thet builders (as well as architecks, lnvestors,

and owners) might pay for a building lacking good scund control s

expressed in terms of loss of reputation and public ceoanfideace; consequenti-

ally, a loss of profit for all partics concerned.

The builder wmust at all tinmes be certain that the .
perfornance of walls and flour—cellinn assemblics ave not nullfied by
Hoticulous attention to

careless work of tradesmen or contracuora. :
detatls and dizcontinows cenntruction is highly lmportont, Builders and

contractors must be alert to the problems and complexities of nolse control,
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THE ENFORCIMENT AGERCIES

Enforcement of sound econtrol reguirenents wilthin building codes are,

as with other building code requirements, usually the responsibility

of a building constructlon control department, whether on the national

or local level. Enforcement is usually sccomplished by withholding
building permits untdl 211 plans have heen inspected and found to meek
the building code eriterin in force, Plan-cheelking is usually followed up
by dnspection of the Dbuilding while it is under construction, In this
ttage, conatructicn metheds and techniques, as well as installatdon
nethoda and workmanship, are checkad to insure that the plans arc abided
by, In soma dnstances, sound iusulation weasurements are mede after the
building is completed. This Is usually dene by an Judependent depar bment
flrm which sends its results to the building department. If the bullding
department is not szatisfied with the results or methods of testing by

the independent firm, Lt way send out ilts owm inspecters to conduct such
tests, (Many Eurepcan countries have mobile laboratories, usuzlly small

truclks, for this purpese.)

Since the transmission values of most partitions are knowm, it is there-
fore usually casy to determine whether or not the huilding plans meet the
bullding code sound coatrel vequirments. The use of standard decibel
rating systewms alleviates the problem of a bullding inspector having to
uge his own persenal judgemeént as to whether or not ihe components or

CrrEgstewstluvhe plarmeerthe builtding wode requirusente. In-nany

inatances, when the transmission losa values of a particular bnilding
component are rot known, Lt is usually required that an aceredited labora-
tory make such necasuraements and notify the building department.

Hete dn the United States, there are no provisions for sound control re-
quirements within building ecodes at the national level (except for HUD
financed projects). GCencrally, local munieipal authorities declde if
sound centrol 1s to be compulsavy within thelr local bullding codes;

and then excerclse the opticn to enforce, at their owa diseretion, such
sound control requirements, Many existing sound control requivements -
within loenl building cedes are unenforcable because they either fall to
spell out, in quantitative terms, the amount of sound insulation necessary
for sufflclent sound control (e.g., proper sealing of penctrations in
sound coatrol partitions) or thay fail to provide suitable methods of
measuring sound insuiation. Many local buillding code cfflelals have
expressed the need, for nationnl guldance in writing enforceable sound

control si:nndm::ls.2

All too often, the building department 1s vestrieted by idts budget. Noilse
control snems to rapk low prilorley., Mony times the building departwment
lacks sufficient equipment and propoerly trained personnel to enforce thelr
noise control requlrements. Usually, the hudllding inspectors wust fit the
inspection for proper sound contrel into thelr other dutles. Quite often,
these dnspectors vecedve windmum training in sound contrel and lack complete
understanding concerning sound control In buildings.
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TUE OCCUPANT

Soun of the wost cowmwon noise eriginating from peaple (particularly within
multdfamily dwallings) are: vadlo and television sound intrudiug from
adjocont apartments, childran playing dindoors, family disputes, pedestrian
eirculation, bables crying, cte. A house perty can get as loud as 1154D(A),
a sereaming child, 92dn(A).3 Mach more of a prolilem for the bLullding
occcupant are the nolses produced by "sophistlcated" howe appliances

(e.g. vacuun cleaners, washing machines), offlce machinery and cquipment
(such as typewrlters and duplicating machines), and other types of working
machines. Meny of the nelses alfecting the bullding cccupant are inherent
of thc bullding ltocolf and iks systemsa.  Some of these being: boiller
nedses (combustion nelse and turbulmnce of flame), plunbing noises (Elow
of water, toilets flushing, watev-hammer, ete.), electric metors, and

alr conditioning systenm nolses (alr flow, fan nolse, comprecsor noise and
vihrations, cooling tower nolse, cei.), Comprehensive bullding code
eriteria portadning to sound control, and the enforcement of such criteria
would help provide adequate protection from many of the ahove mentionad

noises.

The noisieat voom of a hauselold is the kitehen., This is duc to the
profuslon of noilse generating appliances as vell as the space's hazd,
reflectilve surfaces. At the cource, a blender nay cwmit noise approsching
OLAN, cane aly wmhaset-fon A04N, and o govbage disposal E0dB,  Host of che
noise dn the Licehen is aoirborne, but many times it is also transmiticed
divectly into the building structure via vibrations only Lo be emitted as

noise later in another spuce.

While lack of freedom from the intrusion of unwanted noler is a major
problem for the occupant, the lack of accustical privacy is anothew major
gource of difficulty. Good acoustical pwilvacy previdaes for the prevention
of sounde {e.p. conversatlons) geecrated in one space (or heuschold) from
lLeing broadeast into another space (or houcchold). Many property managenent
firms have indlcated that they have experienced increasing market resis-
tance to the rental of apartments and office space which maintaln unwanted

and excessive noize transmission,

Nolse dntrusion i1nto o boullding erlpinating from outside nolse sources

cones from mauy sourens. Ruilding oceupsnts wany times must contend with
constructlon noisges, transportatlon noises (airveraft, trucks, and notor-
cycles belng some of the worst offender), and In many cases, neidaecs from
nearby industricl arcos, The home has traditionally scrved as a3 place to
retreat fram daily anxietles and tonsionm, Howewver, the peacefulness of

the hone 15 marny times subverted by the outside world when 1t connot he

shut out.

In & report by the United States Department of Hausing ond Urban Develop-
ment, the frequency of complaints frem dwelling occupants seems to be
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independent of income brachkets iIn virtuslly all types of apartment build-
ings, dncluding high-rise az well as low-story, garden typcs.5 However,
those owning thelr otm homes apnd condanindung will wsually ewpress a great-
er concern about nolase than apartment dwellers, A partial explanation may
be that the apartment resldent s move mobile and less finaneilally commit-
ted to a location Lhan the howe owmer, He is able te relocate more casily
if the acoustical envirenment becomes a problem.
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Tig. 9 Cowron indour sowurces of wolse. (From HUD report,
YA Culde to Airborne, Impact, and Stvucture Horue
Noise-Control in Multifamily Dwellings," by Dercndet,
R.D,, Wlnzer, G.E,, and Lerroughs, C.B., Washington,
b.C., 1967, FTL/I5 24.)
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SECTION SEVEU

SOUIR CONTROL WITHIN BUTLRTHG CODES: FVALUATION OF T'TS
YYPFECTIVERLES AND FOTENTTIAL

Quite ofiten, hoth internationally and natlonnlly, bulldive code noise
insulation eriteria are in the form of recommendations rather than ra-
quirements, These recommendations are frequently appliecd in a variety of
forms of rogulotions on the local level. ITn mony countries and domestic
mundedipalitics that do have sound eoutrol requlvements din thelr bullding
cudes, these requirvencnts are only moderaté, deslgned only to ellminztc
cxtremely poor ceascas of gound controel. Compromised noise control standards
provide only pertial nolse contrel for most bhnllding situatlons,
architects and building deesigners ave misled to belleve that thelv
buildings arve pood acourntleally when they meot these mild requiremanis,

It mey thercfore he cenaible to cstablish woderate minimum requirementcs
aleng with uncowpromisning recoumendatlons where stringent bullding code
control repulatlons ave not practlecal., Many times, those countries and
munlelpalities thar do not have building code sound control requircments
usually do not have ecemprehensise measures which inelude nolse eritewia
for alr-conditioninp and heating systems, mechandeal cquipment and systems
(including clevater machinary), plumbing systems, penetratlons in sound
control purvilielens, cto, New Yorih City-is-oax-of the-few { 1f not the only
municipality) to have such extensive provislons within its building code.

Hany

Most budlding codes depend on the use of standard reference contours for
rating sound ecntrol. The use of those convours avolds the problem of
vaguencsg and relicves the enforeement personnel of having to rely upon
pevsonal judgement, llovrever, these contours are intended wainly for use

to control noises that have approximately the same characteristics of
‘speech in terms of seund pressure level vs, frequency {e.r., office
machinery, home applisnces, radios, ete.)). Use of these refetence contours
to control neises that differ from the noisce characteristies of apeech
resules dn unsatlsfactory nolse contrel, Puve tones (the simplest periodic
sounds) orginaviog from clectricrl and .wechonical maclidnery and systems
are not suffieiently controlled vhen refexence standards are used,

Building codes need to be updated and corvected to provide for this

deficiency In sound control.

Present day systews speelfied din building codes for rating noilse control
depend on seperate weasuvements and specifleations for each congtructilon
clement, Today's building ecodes have not cutablished adequate stendandsz,

1f any at all, pertalning to the eontrol of flanking transmission of

sound. TFileld mensurements mey be made to acccunt for flanking transmission,
but most buildiug codes do not hove criteria for conducting such field

tests. Also, many of the codes that do provide for field rtesting do not
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indlcate what field test measurcments are neceessary for a sound centyrol
partition to be acoustienlly satisfactory, There has buen a model
ordinance proposed that takes into aceount flanking transmiagion of spund,
but it too relles heavily on £leld teseding.”

The prescat day systom of measuring impact neise insulation of floov-celling

asgonmblics specified in building code have been hipghly criticised.

Standard tapping machines (usually the IS0 standard tapping wachine) do

not dmitate impact nioses found mest often in bulldinps, c.g. these
machines produce sound levels thar are much higher than those of footstepts,

‘a nwjor source of dwpick moise, hese machinaeg, "eammot be-shovn to be

capable of distinpulshing with meaningful precislon the relative merits

of floor-gcelling systems with respuct to thelr ablility to supress to a
state of acceptabllity the transmitted sounds wlich arise from the kinds

of impact novwally cncountered [in buildings}.'™ In other words, due to

a great potentinl for crror, many floers which qualify under the tapplng
test will be much bLetter than necessacy causing incrcased project cost,
vhereas, miny floors wilch qualify undev the ctapping test will be nuch
poorer thau required resulting in reduced DCEUPARCY, lower commercial value,
or expensive post-installation improvements,™

With the increase of traffie, both surface and air, as well as construe-
tion noisca, the importance of iInsulatving dwallings and other buildings

‘From externyl noise sourdas has recently been realized.” However, not

much Is being done about it in terms of bullding code regulations. In
conaidering proper lighting wichin a building, econcmic and cnerpy consevr-
vation factors have made the usge of wrindow facades imperuative. To save
more energy, wore window area ig used In order to utilize more nakural
daylight. These window facades usually de not provide fop sufficlent
sound attenuation which, at best, is approzimately 30 dB.7A conflict
arises., Double-glazing might be used, but this requires artificial
ventilation vhich in mest cases is also very costly and consumes a sub-
stantial amount of energy. It i1s exceedinply difficult to establish
significant and meaningful nolse insulation standards within these
parameters, Therefere, building codes are very dneffective when it comes
to insulating bulldings from external noise sources, The dilewsa has
yet to be zolved. (A possible selution would be to control the unolse at
the source and/or aleo threugh siting and geoning laws instend of noise
attenuation througl biilding compenents.)

Enforpgement of comprehensive cound eontrol prowisions for building schoels
surely will result in better acoustical conditilens for learning (e.g. laess
noige to distract the student). And surely, 1f zemprehensive sound ceutrol
provislons are enforeed waile building hespitals, the patlent will find it
casier Lo recuperate without disturbing noises. Inforecment of such provi-
siong also may vesull in increaced efficiency in working conditions, Com-
prewensive provisions vould help vemove noise, in the form of impaired ef-
ELicleney or costly nerveus strain, from the payeroll of the average husi-
ness., In an office where the noilse level was redueced to 35 dB from 45 dB,
the office workers, enpaped in a variety of machine operations,
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showed a 12% increase in uutput.6 The eliminatlion of ecostly noise iz so
profitable that it has veuched the state of importance accorded to the
othex envivonmental problems such as atir cowlitioning, heating, and

lighting.

Room—-te-room reductlon is just as dmportant as reductien of nolss between
dvelling units. HMembers of an dndividual family deserve privacy from
each othey and conflicts (a.g. parents sleeplng late in the morning

while the children wateh television) should he avoided., The Federal
Housing Authority (and MUD) has recommeundatlons pertnining to this

matban, o but there -ave no provistons for thils in domestie building

codes. MNere agnin, building codes necd to be updated and corrected to
insure dutrafamily privacy.

Bullding codes do not provide fnr sound ventrcl where the noise source

and the listencr arve within the same space. Miany European countries do
establiah maxinmum pevmilssible nolse Jevels to be enltited frowm household
equipment and appliances within the lowe. Howaver, none of the building

codes within the United States do.

Building vode sound control provisions are cxpouing architects and
builders to the existence, needs of, and complestdtics of sound control

in buildings.

0f coursc, the offectivencss of noine control provisions within bullding
codes depends mostly on the enforeement of such provistons, 'this nspect
iz dilscussed In Sectien 6 of thia report.
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SECTION RIGHT

© CONCLUSION

Noise distwrbs slecp, eauwses annoyance, interrupts conversatious and
trains of thought, and may even be partly responsible for subtle effects
upon physical and wental health. According te the World Ilealth Orpaniza-
tiov, healrh ds, "a state of corplete physical, mental, and soeial well-
bedlng." Therefore, it fu quice obvious that nelse is 2 detrimenc to
health and should ba eoatrolled wheaever and vherever possible, The
cccupant of 2 Dbullding lae the visht to use the building without inter-
fercnce of peace of mind, privacy, sleep, or the pursuit of work or
pleasure from noilse. The oceupant should be pretected from buying eor
renting o bullding or cpace, only to find that it maintains an improper

acoustlical environmant.

The United States lags far behind meny Europecan countries in terms of

nolse control through the use of building coedes, The problems of noise
control In buildings bavanot yet received the actention they deserve,

Sound conlrol has yet to reach the status sfforded to that of alr condition-
ing within ouvr butliding programs and designs. Mr, Rudolph M, Marrazzo,

of the U.8,F.A,, stated In o dlecior “to thiy -avthor:

"he 0ffice of Nolse Abatement and Control
belicves that acouctical cwiteria for
building codes, vhatler contained in a
noise ordinance or scparate from it, form
an essentinl component of an effective
noise abatement program.”

Lacking uniformity, wxisting noise control requiremonts within local
butlding codes vary frowm onc munlelpality to ancther, Failling to provide
undformity as puldance, future sound control criteria within a building
codes will be just as wultifarious as coday's munieipal plumbing require=~
ments., Yurtheimore, what buildiag code noise eriteria that do exist ave
not comprehansive eunough to solve mest ef today's huilding nolse problems.
Dr. Theodore Berlend, President of Citizens Against Noise (and author of
many books coneerning noise control), in a letter to this author, wrote:

"ovethere is a definlte naed for buillding codes
which stringently control the transmission of
nolse in bulldings."

Arehitects, englmiers, and planners should be required to take inte

account the aspect of nolse control dun the formulation of thedir plans and
construction of their projects, However, many of these professiomals lack
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and understanding pertaining to the lasie prineiples of

the knotrledge
Fducatlon of these professionals is essential,

sound control in buildings.

eight constructivo materials having relatively poor
If this trond continues, homes
More rescarch
and systems 80
sion of

The use of Lightw
sound Insulation preperties is improper,
will have lese acouctical privacy than homes of the past.
is neaded concarning the improvement of building wethods
as te produce betier methods and decails to control the transmls

sound within huildings.

Mhsponelsa -eanael be provented, 1t should be contrelled, at least to tie

e

extent of minimizing dizeomfors, maintaining scoustical privacy, and
providing for the proper acousticnl envirenment.
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university of flovida, eollcge of architeeture and fine arts BEPARTIIENT OF AGCH

gatnesville, floride 32611

January 15, 1974

“Gentlanen:

" Enclosecd is a brief survey concerning community noise-control
provisions within lecel building codes, The purpese of ihis survey
is to aid in the preparation of a study to review and report past

and current eftorts of such provisions.
Results of our survey will be evaluated as to the effectiveness of
these noise-control pravisions, Ve will also attempt to indicate

the kind of fmprovemants that need to be made, This survey is conducted
under the auspices of the State of Florida, by the University of

Florida.

If ysur -commenidy presently has hullding code noise-contrel provisions,
please advise us as to how we may obtain a copy of these provisions, and

at whatl cost.

Your cooperation and prompt return of the enclosed survey would be
greatly appreciated, IT you would like a copy of the resulis, we
will be very happy to supply this to you upon request.

Yours very truly,

Richard L. Katz

63
campus aeddresyr 101C ARA compler
L ARCHITECTURE LANDSCARE ARCHITLCTURE INTERIOR DLSIGH

ITECYURE

telio,: 904-=302-0.204

URBAN DESIGN
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SURVEY: NOISE-CONTROL BUILDING CODE PROVISIONS

1. What is the population of your munfcipa?ity? .

2, Does your municipality have a noise control prdgram?

If YES, ploase coupicte section ONE of this suivey,
" If NO, please complete scction THREE of this survey.

SECTION OHE: Please complete this scction if your mun1c1pa11ty Has a noise
contro) program.

3 What is the scope of your noise control program .

4, What is the annual budget allocated for your noise control program?

5, Does your nofse control program include prov1a10ns w1than local building codes?

TITUYES, please compluve this sectdon, .
If NO, please go on and complete section THO. :

-

6. What percentage of your noise control Ludget is used fon.the-administration

and/or enforcement of the building code sections of noise control?

7. When were the noise control bu11d1ng code provisions estab11shed? What
amendments havc heen mwade since? ]

—

8, Which building code models were used for drafting the original ordinances?

9, In concernwng neise control through the use of building codes, describe the
organizaticnal and administrative Iocat1on of this particular aspect within

your noise control program.

4
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(Section OHE con‘t)
both full-time and part~time; in your

10. What §s your current staff size,
general noise-conlrol program?

- 11. Describe the major program elements and the approximate percentage of
. total staff time. What percentoge of the staff deals directly with
N . nofse-contral through the use of building code provisions?

12, What type of acoustical instrhmentation do you have to support your program?

13, Hhat is the scope of your training program fdr.your personngT‘who
adninister and enforce tha neise-contral building code provisions?

14, that type of coordindtion do you have with othar public agencies?

"15. Ta what extent has your program generated public and private awarcness?
158, What methods has your program used te insure public and private awareness?

16 A, What has been the general publice's reaction?
16 B, How have the various building {rades reacted?
6 5 j"m—— ) —""“"‘ ¥
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{Section OHE con't) ) . ,

16C, How has the professional (e.g. architectural, engincering) community reacted?

17, that do  you believe has heen the major accomplishnents of bufiding code
noise control provigions

18. Are there any avreas within your noise control building code provisions
that need improvemant or revision?

19, Uhat, if any, probTems have occurred due to your notse rontro1 building
-eeegbde provisions? . .

20, Uhat are your conmun1ty s future p1ans for noise control through bu11ding
code provisions? .

“*-..5 . oo . L ‘ } r v . -

~ : A ‘ o . N

21, How may we abtain a copy of youﬁ present building code noise-contol °
provisions and at what cost? ) . ,
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SECTION THO: Please compleie this section only iT your community preéent1y

has a noise-control program but does not have noise-control
provisions within the Jocal building codes. :

T

2.

L0

Does yeur comunity bave any Ffutura plane ¥ar hoisc-contrel provisions

within the lacal building coida?

IT yes, what type of noise~control ordinances will be incorporated into
the Tecal building code?

Which building code medel will probably be used (or what other method

i1 be used) Tor dravting the original noise-controi building code provisions?

il

In concerning noise~contro} through the use of building codes, what will
be the organizational and administrative location of this particular aspect

within your noise-control pregram?

.

To what extent wi11 you train your personnel who administer and enforce

"the noise~control building code provisions? that size staff, both full-time

and part~time do you expect to have to administer and enforce adopted
noise-control building code provisions?
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(Section THO con't.) . 5 ’
‘6. What means do you intend to employ to stimulate public awarencss?
7. Presently, what is the public's attitude towards noise-control building
code provisions: . ’
A} The general pubtic seems to be (for) (against) (indiffercnt)
B) The building trade conmunity secems to be (for) {against) (indifferent)
C} The professional community (e.q. architectural, engincering) ;
scommnity sesms-to-be (for) {against) (indiffercnt) M|
B. Do you have any further comments concerning tho future of noise-control
building code provisions within your community? '

b ’ )
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SECTION THREE: Please answar this section only if your comnunity at present
. does not have provisions for comaunity noise centrol or &
neise control _ progran,

o 1. Does your community have any future plans for a noise~contro] program?’

2. Ifyes, what type of -ordi nan"cs -wi11 be incovporated into your noise-
control pragram (e.g. "nuisance type ordinances", "performance type

erdipances”)?

[

3, IT performance type ordinances are indicated, will these ordinances be
incorporated into your Jocal building codes?

.

: "4:~whithmbui1diwg~cndc'msdclﬂwiJT-p¢cbnb1y~be-ﬂ3&d-fbr«wh&t~athcr method
will be used} for drafting the original noise-control building code provisions?

-
]

5. To what extent 1is your conmunity's dttitud; towards a comnunity noise-control
programn;

A? Does the general pullic preseﬁt]w seal to be {for} {against) (indifferent)?
B) Does the building trade commmity seem io be (for) (against) (indifferent)?

C) Does tha profes s7onal community (é.9. architectural, engineering) seem to
(for) (against) (indifferent)?

6. Do You have any further comments concerning the future of a noise-control
program within your municipality?

Please return to: Richard L. Katz - . .
Department of Architecture )
Univarsity of Florida ' ‘
Gainesville, Florida. 32611 69 S
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SENT T0 TOREICH COURTRILS
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wnfversity of flovide, college of architeeture und finc arts

oulnesville, flovide 32611 nited States

" January 18, 1974

Gentlemen: s,

Enclesed is a brief survey concerning community nojse-control
provisions within building codes, The puvrpose of this survey
is to aid 1n the preparation of a study to review past and
current offorts of such provisicns Internationally.

BEPARTMENT CF ARCINTRESTURE

Results of our survey will be evaluated as to the effectiveness

of these noise-control provisiens. Ye will also altenpt to indicate
the.kind of dmprovements that weed to be made here in the United
States. This survey is conducted under the auspices of the State

of Florida, by thic University of Florida.

Your cooperation and prompt return of the enclosed survey would
be greatly appreciated. If you would like a copy of the results,
we will be very happyto supply ona to you upon request. Please
also advise us as to whom else we may contact to cbtain further
information pertaining to building code noise-control provisions

in your country. Thank you.
Yours iruly,

/‘é/;:':'?ﬂcﬂ:ﬂ/ /\‘Zﬂf:”
-

Richard L. Katz 6;7

iLKirk
. Enclosure
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SURVEY:  HOISE-CONTROL BUILDIHG CCDE PROVESIONS

1. What 15 the population of your country?

2. What is the scope of your general neise-contrel program?

3, What s the annual budget allocated for your noise-control program?

4, Does your gencvnl nolse~control program include provisions within
building codes?

If yes, please complete SECTICH ORE,
I wog o presse cenpleta SCETION THO,

SECTICN ONE: Please complete this section only if your country has
noise-contirol provisions within its building codes,

5. What percentage of your noise-~control budget is used for tha
administration and enforcement of the noise control sections in
your building codes?

6. When were the noise-contrel building code requlations established? What
amendments have bean made since? .

72
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12. What 15 the scope of your training pragram for your personnel who
administer and enforce building code noise-control nrovisions?

13. Khat type of coordination do you have with other public agencies__
f

anarated public and private avareness?

14, To vhat extent has your programn g L
d to insurae public and private awareness?

What methods has your program use

15.2. What has been the general public's reaction in your country?

b, How have the various building trades reacted?

"c. Hew has the prbfessiona1 (e.g, architectural, engineering) community reacted?

16. What do you believe has heen the major accomplishments of your building
code noise-control provisions?

T4
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17. Are there any areas within your huilding code noise-control provisions
that need mproverent or revision (for example: enforcement)?

18. What problems, if any, have occurred due to your noise-control fin
‘building codes?

19, What are your country's future plans for noise-control through the
means of building codes?

20. llow may we ohbtain copies of your present building codes pertaining to

noise-control and at what cost?

Thank you for your cooperation. Please
return this survey to:

Mr. Richard L. Hatz

Dept. of Architeciure

University of Florda

Gainesviile, Florida 32611 U.S.A.
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SECTION TWO: Please complete this section only 1f your country presently
has a general neise-control program, but does not have
noise-conirol provistons within buiiding codes.

21. Does your countyy have any fulure plans for noise~control provisions
within building codes?

22, 1f yes, what types of noise~control ordinances will be incorporated into
your building codes?

23. Which building code model(s) will be used (or what other method will be
~uged) for.drafeing your country’s original building code noise-control provisions?

‘24, What will be the administrative location of your building code provisions
vithin your general noise-control program?

25, To what extent will you train your personnel who will administer and enforce
the noise-control provisions in your building cedes, What size staff do
you expect to have to adninister and enforce adopted noise~control ‘

building code provisions?
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26, Hhat means do you intend to employ to stimulate public awareness of the
7 need for noise-control through the use of building codes?

27. Presently, what is the public's attitude towards noise control by
building code provisions?

The gencral public seems to be (for) (against) (indifferent),
The building trades community seems to be {for) (against) (inditfevant).

The professional community (e.g, architectural, engineering) seews to
be {for) (against) {(indifferent).

28. Do you have any further commants, concerning the future of building code
provisions for noise control in your country?

Thank you very much for your
cooperation. Please return
this survey to:

Mr, Richard L. Katz

Dept. of Architecture

University of Florida
Gainesville, Florida 32611 U.S.A.
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COUNTRIES APPROVITIG/DISAPERGVING IS0 RECORMCMDATION R 717,

APPENDIX E

"RAVING OF SOUND INSULATIOH FOR DWELLINGS®

20 member bodies approved the recommendation in draft form:

Argentina
Mstraliz
Austria
Brazil
Canada
Chile
Czechoslovakia
Germany
Hungary
Israel
Japan
Netherlands
Hew Zealand
Poland

“Sweden

Switzerland
U.A.R.

United Kingdom
U.5.5.R.
Yugoslavia

€ member bodies opposed the approval of the draft:

The 150 Council adopted

Belgium

Denmark

France

Italy

Norway

United States of America

150 Recommendation R 717 in May 1968,
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APPENDIX F

HEW YORK CT'TY
NO1ST ABATEMERT LQUIDPHMENT INVENTORY

Department of Buildings:

1 Octave Band Mnalyzer
1 Sound Level Meter
1 Vibration Analyzer

~lsGraphile Lovel Necorder

1 Hi-Fi Tape Reecovder

Divielon of Noilse Enforcemont: -

20 B&K Sound Tevel Metors
20 B&K Sound Level Callbrators (type 4230)

Bureau of MNoise Abatement:

1 B&K Statistical Distribution Analyzer (type 4420)
1 R&N Real Time Thivd Detave Bond Analyzer Model 3347
1 B&K Trequency fmazlyzer Type 2130
~1-BEL Contxol. and Disnlay Unlt type 4710

2 B&K Level Recorder-Strip Chart Type 2305

1 B&K Tapc Feader 7102 Type BEK/SE

1 B&K 25 dB Log Potentiometer Type ZR0004

2 B&K 50 dB Lop l'otontlometer Type ZRODOS

1 BS&K Beat Frequency Oscillator Type 10022

1 B&K MHeasurlng Amplifier Type 2607 ‘

1 B&K Tandom Incldence Corrvectow UA 0033

1 B&K Integrator ZRO0D20

1 General Radio Randow Nolse Generator Type 1382
1 Genaral RBadie Sound and Vibration Analyzer Type 15044
1 Hewlett Packard Calculator Model 9810A
*1 Varian Computer Type 620/L

1 Teletype Typewriter ASR33

1 cuns Nighway MNolse Monitor

2 B&I Sound Tevel bHeter Model 2204

2 B&K Precision Sound Lewvel Heter Type 2206

1 General Radilo Sound level Heter Type 1151C

1 General Radio Sound Level Motoer Type 1565A

3 General Radie Sound Level Meter 'ype 15653

2 D&l Detave Filter Set Type 1613

1 BAK Microphone Calibrator Type 4142

3 General Sound Level Calibwator Type 13624

2 General Radlo Sound Level Calibrator Type 4230
2 B&K Piston Phone Type 1613

3 Nagra Tape Recorder lype 4122

1 Napva Tape Necorder Type IVD

1 Nagva Tape Recorder Type LVB

1 Nagra Tape Recordey Model TVSD

1 Hagra Tape Recorder Type DJ

1 Panasonic Tape Recorder Model 98104
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APPENDIX G

WHERE TOQ WRITE

The following addresses have been seloected from corrcepondence

indfcating thet these are specific agencies to write to In secking

information concerning sound contrel fu Buflding codest

Austrias

Bundesministerium fur Gesunheit und Urnwelschutz
Sekecion 3 .

Stubenring 1, 4-1012

AUSTRIA

Canada

H, Brian Diclens, Mead
Cudes ond Standards Group

Ortava,
K1A~OR6

~ Enpland
The Department of Environment
. Duilding Regulations Nivision
Caxton House, Tothill Strect
London, SW 1, England

IsTacl:

Mr. Richard Laster, Lepal Advisor
Prine Minister's Office

Haltrya Duilding 3

Jerusalem, 51000 ISRAEL

' Délnd:

Instytut Ksztaltowania Srodowiska
Inatitute for Envirommental Reforming
Warszawa, ul. Wowogrodeka 1/3 POLAND
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United States:

Tudolph M. Harrazso, Director
Technical Assistance and Opecrations Divisfon (HM-571)

offlee of Noise Abatement and Countwol
U.8, Envivonmental Trotection Agency
Washington, .G, 20460

“Mant - Uetmany

Institut Fur Bautecknik
Tnatitute for Duilding Sciences
1 Berlin 30 (West Deutschland)
Reinsplesch-Ufer 72-76

For Documents end Stondsrds (Domestic or Tareipn):

Ametican National Standards Institute, Ine. (ANSI)

1430 Broadway .
Wow Yorle, New York 10018

For More Information Concerniung New Yoile Ciey's Bullding Code:

Mr., Irving E. Yinkin, P.L.

. Executive Englacer

Department of Duildings
100 Gold Street
New York, New York 10038

81

4
i
fl
1
|
f1
’; \
[

f

!




