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Preface
introduction

This Noise Guidebook has been
prepared to serve as the basic
referench document for all HUD fiald
statf who are responsible for
implamenting the Bepartment’s nolse
palicy. It brings together in one place
ali the various reports, Inforrational
papers and other ems that have been
put out by the Dapartment over the
past gaveral years. it also containg
soveral nevw teras designed 1o make
yourjob pasiar.

This Guidehook Is designed to
serve not only the experienced HUD
stat! meraber but also the new
employee or the old employee whois
new 1o tha rioise fleld, Because of
this, the Guidebook contains some
fairty basic background material as
well 85 quizzes and other reaterial
specifically geared for the “lesrer.”
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The Dynamics of the Nolse Problem

There are basically two types of noise
problems. Thera is tha specific, iob
related, oocupational noise probiem
craated by extremely loud machinery.
Then there is tha community noise
problerm where the combined effact of
many individual ncise sources
creates an overall noise level that is
unagoeptable. In the following pages
we wiil be sddreasing the comraunity
nolse problem only.

Themain contribulors toa
community noise problemare
transporiation sources such as
highways, rallronds and shports,
Thase sources are the most pervasive
and continulng of the nolse soyrces
within the community, Of coursa, at
any given site, there may be other
nolse sources which add to the
problem, sources such as
Jackhammers ata construction site,
Bust ins ganeral, ang for the purposes.of
this section, themain concern is with
the fransportation sources.

The dynamics ¢t a nolse problem
are based on the relationship between
the nolse souree, the orplace
expossd tothe nolse &ee'maﬁar catled
he reoelver) and the path the noise
will travel from source to receiver,

The source generates a given
amount of nolse which travels along
the path and arrives at the recalver.
Theamount of nolga wilt ba radited
to:some extent as a resyli of how long
that path is or whether there are any
barriers along the path. The severity
ofthe impactontheracelverisa
funciion of what type of activity is
taking placs, whether [t 1s indoors or
outdoars, and what type of buliding it
i I if the activity Is indoors, Figare 3
contains some baslec compatitility
guidalines.

The impact of the noise can be
altered or mitigated by changing ths
characteristics of any of the three
slaments: source, peth or recelver,
Later onwewili look at tha various
mitigation measures that are
possibile. Qur concarn however will be
primarily with the racelver and the
path, Control of the sources
- themssives isthe specific _
reaponsibility of agencies such as the
Environmental Protection Agency
(EPA) or the Federal Aviation
Administration (FAAL

Figure 2
Dynarmics of » Nolss Problem

Figire 3
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The idsal solution to-a potential
problem Is {0 reduce the nolse being
producad by the source. The best
splution avaliable to HUD, or the
community, however, is to make sure
that noise sensilive tses gre located
whare they wil niot be exposed to high
nolse lavels. The next best approach
o mitigating nolse impact is to
attempt {0 reducs the amount of
ncise thal reaches the receiver, This
can be.accomplished through the use
of barriers such 4s walls or sarthen
berms, or combinations of both, along
the nofse path. If the use of han%ars is
not possibie then the only alternative
available s to provids noise reduction
muasyresinany structures
associated with the activity so that at
least the interior spaces arenot
axposed 10 bigh nolss levels, This
approach is considerad the least
dasirabie because most of the land
uses we are concerned about, suchas
residantial, dohave outdoor aréas and
achivities associated with thenms which
;mg;d remain exposed to high noise
evels,

A Naote on Descriptors

A kay factor inthe growih of nur
abifity lo evaluate and reduce noise
Impacts bas been the development of
betler tools to measurs and describe
thenolse levels generated by varous
sourcas. The development of better
toois {catied nolsedescriptors or
matries) hag been particularly
important-for dealing with community
nolse problems. Mary of tha oldsr
descriptor systems could only be
used for one or two sourcas such as
cars and raiiroads; but not airmplanes.
Since the community noise problem
very often includes nolse fromall
thess sources the lack of an adequats
degeriptor mads it difficulitodo an
adequate evaluation.

The most advanced descriptor
currantly ity general yse s the day
night-average scund level systern,
abbraviated x5 DNL and symbolized
mathematically as Lz,. The day night
gverage sound leve! is the 24 hour
average sound level, expressed in
decibels, abtained after the addition
of 8 10 dacibel penalty for sond
levels which oceur at night between
10 PM.and 7 AM, This nightiime
penaity is baged on the fact that many
studies have shown ihat peoplaare
mush more disturbed by noisg al
night than at any other time, This Is
not unusual in that background nolae
is often much less at night and slse
peopis tend to ba doing very noise
sensitive things at night, suchas
trying to sleep.

Anotherfeature of the DML system
that is very important isthat ltean be
used to describe nolsa from.all
sources; Thus, using the DML system,
wetan describe the total nolse
exposura at a site, something many
other desoriptor systems couldn't do.

Thie DNL gystam has bean adopted
by the EPA, the Department of
{etense ([DOD) and HUD, and more
rasently by the FAA, speclfiealiy for
describing evironmental impacts for
airport actions, We expect that very
soon It witl be In aimpst universaluss
inthe s,

lssuss

The main issues Invoived In any nolss
analysis can b gtmmartzal briefly.

» How miich nolse is a site exposed
to

* What types of activities are being
attected gnd how saverely

* |3t reasonabletc mdesign the site
1o relocate nolse sensitive aciivities
» And,if not, how much protection
can be provided through various
attanustion messures;

Your approach to these issues wiil
be affected in many ways by the
location of the project In question,
Projectsin suburban or rural areas
can be approached ditferently -~ -
because the avallablée mitigation
options are greater and often the

‘noise exposure ltself is not 86 severe,

in urban situations, however, the
na&ae axposure Is oftsn more swem
miugaﬂm or mfﬁ  are more
Hmited. In the urban setling Innovative
design and the use of advanced

. attenuation measures bacomes

critical. Fortunately our experience
hasshown that good desigreand
cohstiuciion can relisve of
substantially reduce major nolse
problems,

Legal Provisions
General Legisiation and Background

The Federal legisiation which
addrasses noise issuss s somewhat
different from othes environmental
tegisiation. The Glean Alr Act, for
sxample, requirad the Environmerital
Protaction Agency 1o set up aotual
mandatory standards for ait quality
which were sup tobe met by all
jurisdictions. EBA even has the
authority 1o lake punitive steps
against cities which are not making
“reasonable further progress”
towards achisving these alr quallty
goais. There Is no simiiar legislation
that covers nolse: The approach has
baen 1o tackle the nolse prohlamat
the scuirce by controliing the amount
of nolae that 6an be emitted byihe
individual airplane engine or the
Individual jackhammer. Agencies like
HUDor the Farmers Home
Administration heve devaloped
regulations which ara related to the
averall community noise level, but

-they only affect thelr own programs

and are not binding orffocal
cormmurities. The Veterans
Administration program only relates
to alrcraft nnise and slso only aHects
s own programs..

“The major pieces of Federal

 legisiation related to noise Include:

The Nolse Controf Act of
1872 directed EPA to promote an
environment forail Ameticans fres
from aolse that jeopardizes thelr
heatth and welfare, It also Included a
requsirernent for EPA 1o set a oriterion
for nolse level adequate to protect
health and welfare with-ah adequate
msargin of safety but without regard (o
cost or feasibility. )

Quist Communities Actof
1878 amended The Noise Controt Act
o1 1972 to encourage nolse control
prograsts at the State and community
loved ‘

Fedoral Ald H Actof
1970 established tha requlrement
that nolas control he apartofiha
planning and design of all federally
sliged highways,

Avintlon Safety and Nolse
Abuatement Aot of 187¢ requires FAA
to dévelep a single system for
measuring noise at alrports and under
certain conditions to prepare and
publish nolse maps.



HUD Regulations

While the Department of Housing and
Urban Development has no specific
fesponsibility to ry (o reduce the
nvise problem at the sourcedhe way
the Emwironmantal Protection Agency
and the Federal Aviation
Administration do, it does have the
responsibiiily to be aware of the nolse
problem and i impact on the
housing environment. The most basic
mantlate which drives the
Department’s involverment with the
noiseissue is the Hoysing Actof
1948 {Public Law 81-171) which sets
forth the national goal of “a decent
home and suitabls living environment
for every American family.” This goat
waa aftirmed by the Housing and
Urban Development Act of 1968
{Public Law 80-448). The Depariment
‘was tasked by the Housing and Urban
Development Actof 1966 (Public Law
89-117) "o delermine feasible
methods of retucing the sconomic
foss afid hardships suftersd by
hofneowners as a restit of the
depreciation in thevalue of their
properties foliowing the construction
of airports In the vicinity of thelr
homes.” The Noise Control Act of
1972, in sddition o its specilic
tasking to EPA, tasked alf Federal
agencies to administer thelt programs
inways-which reduce nolse poliution.
Finaliy, the Deparivent is tasked by
Fadaral Managament Circular 752:
Compatibie Land Uses at Federal
Airfields 1o make sure that it actions
donot promote incorpatible land
uses around Federal alefields,

All ot these legislative anit
regulatory mandates combine to
create serious requirement forthe
Department of Housing and Urban
Development fo ba aware of the
probiem-of noise and to take positive
steps o protect residential and other
sangitive land uses from high noise
levels.

The Departmant of Housing and
Urban Development first igsued
formal requitements related
specifically fo nolsein 1971 (HUD
Cirgular 1350.2), These requirements
containad standdrds forsxterior
nolse jevels along with policies for
approving HUB supporied of assisted
bousing projeets in high nolse arsss.,

in general the requirements
established three zonas: an
gcceptable zone whers all projects
could bo approved, a narmally
unaceeptable zone where mitigation
measures would be required and
where each project would have tobe
individually evaluated for approvat or
denial, and an Unacceptable rone in
which projects would niof, as a ruls, be
approved.

In 1979, the Departmignt issusd
ravised regulations {24 CFR Part 518}
which kept the same basie standards
but adopted new descriptor systems
which wers considerably advanced
over those in use under the oid
requiraments,

HUD's requlations also require Hiat
racipients of Community
Deveiopment Block Grants (CDBG)
and Urban Davelopment Action
Grants (UDAGHaka into
consideration the noive criteria and
standards in the snvironmental review
process and consider amefiorative
actions when nolse sensitive land
developments are proposed In nolse
exposed areas, #f CDBG or UDAG
aetivities are planned Ina noldy ares,
and HUD assistance I8 contemplatad
iater for housing andior oiher noise
sensitive activitles, the HUD
standards must be met forthose
activities.

Project Analysis
General

While most of the analysis fornoise
tocuseson noise sources located
around the project site, there ars
some charatleristics of tha project
Htseif that you should know about,
Thesé charactedstios will higlp youto
dstermina what is calied the noisa
aszessment location{NAL} for site
analysis, {TheNAL is a representative
paint{or pointsion the site where
significant noise exposure is
axpected, All distances, elc. are
tmneasurad from the NAL) This
information will also be helpful later
in svaluating the potential for
mitigating or reducing the impact of
noise. Afl of this data should be
avatlable from prefiminary plans and
gpacifications. i not, a quick phone
call to the developerisponsor should
get you all the information you need.

Data Requived

+ Location of outdoor nolse sensitive
usea refative to the nolsa sourse,

¢ Location of bulldings contalning
noise sensitive activities,

» Location of other bulidings,
particularly ones which might serve to
shield sensitive bulidings or areas
from thenoise source,

*+ Deslanand construction features
of buildings, particularly features
such as use of cantral alt conditioning
which could provide nojse reduction
benefits by pemmitting windows iabe
kept closed,

Analysis of Site and Environs
Genoral

The primary focus of thisimpact
analysis is-on nolse sources and the
primary item to b determined is the
noisalevel created by those sources,
In many instances, particularly with
airponts, data on the nolse levels
generated by the source will have
already been preparad by another

. - agency such as the airport operator,

the local or State
highwayftransportation department or
other gimiiar agency. (Figure 4 shows
typicatairport noise contoursd in
thosa cases no site or erivirons
analysis s necessary and one can
proceed directly to impact analysis.
For those instances whera thers are
no current data already prepared, the
Departinent of Housing and Urban
Development has developed a
handbook calied the Noise
Assogsment Guideiings which
contains adetalied desk top
methodology for use by Individuais to
determine noles impacts {see Chapter
5. included inthe handbook s a
complete listing of the data about the
site and its anvirons that are”
necessary 1o condict an anglysis. We
don’t want to repeat ajl the detailed
requirements here, but the following

‘aresoms oftha types of information
you would have to coliect 1 you were

todo your own analysis. You might
aote that most of the information is
ralated {o the noise sources
thamsalves,

For the purpese of analysis, the
Noise Assessmont Guidalines requlire
that you constder alt mifitaryfcivilian
glroorte within 15 miles of tha prolect,
ali significant roads within 1000 fest
éfmd basically all railroads within 20008
ael,



Types of Data Required

» Number and type of vehicles

* Operational data:

- Spesd

— daytimeinighttime sptit.

» Conditions where thevehicles are
aperated, Le, frealy fowing traffic
verays stop and go, level versus hilly,
welded rafiroan rack varsus boited
rafiroag track,

—

The Noise Assessment Guidelines
contain guidance on sources for this
data. Most of them are obiained from
tha “operator” of the transportation
source. The Guitelines also containg
model Higures which can be-used
wien actual datais unavallable. For
example, it the actual number of
vehicles traveling at night 15 not
available then the Guidelines state
that a figure of 15% should ba used.
Thusitispossibletomake
reasenably accurale nolse lavel
determinations even if some
information is not-available.

Determination of impact
General

The specific procedures for
determining the nolse exposure jevels
for a site are clearly spelied out in the
Noise Assessinent Guidelines. The
process is a falrly simple onein which
tha'noise tevel from sach source
atfecting the site{s calculated and
then combined to derive the overall
exposure. If some kind of barrier
exists of Is propoged, the nolaé Jevels
can be adjustedtoreflect the ™
mitigation provided by ihe barrier. The
overall noise level is then compared o
HUD's standards and the appropriate
action, as spefled out In the
régulations, Is taken.




Evatuation of Impact

HUD Regulations set forth the
fellowing extarior noise standards for
new hiousing construction assiated or
supported by the Department;

65 Lgn 0rless ~ Actieptable

Exceeding 65 Ly, bit not exceeding
75 Ly - Normally

Unacteptable - appropriate sound
attenuation measyres mustbe
provided: S decibels attenuation
above the attenuation provided by
standand construction required In €68
Ly to WLy, 20ne; 10 decibels
additional attenuation in 70 Ly, 1o 18
Lapzone,

Exceeding 75 Ly, - Unacceptable

HUD's regulations do not contain
standards for Interior noise levels.
Rather a goal of 45 decibels is et
forth andthe attenuation
requirements sre geared towards
achigving that goal. It is assurned that
with standard constructionany
building witl provide sufflsient

attenuation so that if the extarior lavel

I8 85 Ly or less, the inferior Javel wiif
be 48 Lgy of less. _

“Orce you have determined the
overall noise exposure for the site you
compareit to the above standards, if
the overall shte'exposure 18 85 Ly or
iess the project s acceptable, If the
exposure is between 85 Ly, and 75
Lgn you should consider alternative
jocations of providing adequste
attentation with the first preference,
as we'va hioted, being forthe
gonstriction of some kind ot barrier
fa provent nolse from reaching the
site. if providing adequate ttenusation
igimpossibleor impractical then the
project should be considered
unacteptable.

Suggoested Mitigation
General Congiderations

As discussad briefly sarller, thare ars
three basic approaches fof mitigating
ihe high noise exposures. The first
and bt isto relocata nolse sensltive
uses out of the high nolse ares. The
sacond 18 to prevent nolas frorm
reaching the nolse sengltive user
through some son of barrier, And the
third, and least desirable approach, is
to provide attenuation for at least the
interiors of any bulldings located in
the high'noise aress.

Relocating Nolse Sensitive Uses

By far the most desirable niitigation
approachis to rolocate nolse
sensitive uses out of the high nolse
area although, if the site 18 large
ancugh it may be possibleto locate
nornojse sensitive uses between the
source and the sensitive use, for
sxample 3 parking lot might be
located between a road anda park
{seo Figure 5). The workcharts inthe
Nolse Assessment Guitlelines can be
used In reverse 1o tel you exactly how
far away Trom the noise source you
nead to be. _

Whien sites are small, very denge ot
when the scurce atfects the entire
“gite itis very ditfioult to mitigate by
changing the site plan. Then the next
option must be considered: erecting
some type of batrier between the
source and the recelver.

Figure &
he Aaxdible
Landons

in Sluster development, open space tan be
impacts on residences

Bamiers

Barrlers are most etfective forat or
below ground ievel sournes, They
have no effect on nolse from alrersft
overflights and are timited In practical
application with elevated soureos
such as elevatod traing. The key to the

* sifectiveness of & barrler ls whather
or not 1t brsaks the Hine of sight
between the source and the receiver,
i-a barrier dogs not completely break
thelineof sight either bacauss itis
not high enough, ornot jong enough
then it effectivenessis greatly

Barriers can be actual walis,

earthen mounds {called besms) or
even other bulidings. Thause of other
nonoise sensitive bulldings as
bariers is & particulanly good
approach in thatit need not add to tha
cost of the project and may not create
the aesthetic problem a farge wall
might createisee Figure §).
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Figure &

Landscape

Piacement of noise tompatible landuses
o highway in Planned Unit Tevelopment
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Use of acousticat architectural design to
redduce nolse Impacts on mons noise:
sensitive iiving spaces

As pointed out sarlier, the
sffectiveness of abarrier s _
tetermined infarge part by lts helght

-and length, Some studles have shown

that the effectiveness of & barrier can
be reduced by as mueh as 80% if it
Isn’tlong enough, Again, the Noise
Assessment Guidglings contain
proceduras for detemining the
affectiveness of barrlers,

Incorporating Nolse Attenuation
Moasures into the Bullding

# nelther redocation orbarrers is a
reasonable noise atfenuation option,
the last resort Is 1o ineorporate nolse
attenvation measures into the
bulldings themselves, This isnot
considered the bast solution because
it jpaves the outdoor areas, some of
which may be for quiat recreation,
expased tohigh noise levels. But if
development must take place ang
barriergaam impossible, then the
noise attenuation maasures should
be employsd In buliding designand
construction. ’

Without going into great tachnical
detail, noise attenuation construction
measuras generally fall into four
categoriog,

{1} Reducing the total ares of
windows or other acoustically weaker
buliding slernents

{2) Sealing off "leaks” around
windows, doors, vents,

(3} Improving the actual sound
attenaating properties of small
building slemants such as windows,
doors, ete.

{4) miproving the actual sound
attenuating properties of major
building slements such as roof and
wall construction,

Inaddition, nolse attenuation In
buildings can be provided by
dasigning intedor spaces so that
“dead™ spaces suchas closets o
somidors act ag butler zones (see
Figure T3 And finally noise
attenustion can be provided by
reducing the need foropen windows
hy providing air conditioning.

Many of the steps that would be
taken 1o provide noise attenuation
aiso help conserve energy. Good
weatherstripping arcund windows
and doors s one exampie, Another
might be reducing window areas in

north-or west. Because many of these
measures sene wWo purposes, they
should not necessarily be considered
aburdensome requirement but rather
just good design and construction.



Information Resources
Publications

HUD Regulation 24CFR Pan 51
Subpart B ~ Nolse Abatement and
Control.

Noise Assessment Guldelines,
HUD 1983, basic technival procedural
fEBOUICE. ,

Alroratt Noise Impect, HUD 1872,5
it dated but good cverview of

robigm,

The Audible Landscape, DOT
{FHWA} 1974, an excelient discusson
of mitigation measures including land
usé planning and bullding design aned
construction,

Information pn Levels of
. Environmental Noise Requisite to
Protect Pablic health and Welfare
With an Adequate margin of Safety,
EPA, 1974, Tha “lévals document”
that ex;;!ains basis for EPA
standards.

Noise Barrier Degign Handbook,
Eederal Highway Administration
1876..Good discussion of barriers,
teshnical but readable,

Handbook.of Noise Control, 208
edition; 1878, McGraw Hill, A basic
technical handbook sovering alt
aspacts of noise for those who wish
10 go Into the subject further.

HUDenvironmental officers have
bee:urained}n the uss githe: Noise
Assessment Guidelines and can help
youwork with therm. Many architects
are tritinad in acoustios and can help
in developmant of nolse attenuation
Strategies,

Quiz
Questions

1. Whyis noise considered
“unwanted sound™? '
2. What ls a community nolse

problam?

3. What arethe three main
contributors ta a community nolse
problem?

4, What are the thres components of
& noise problem?

5. What are two key characteristics
of the day-night average sound level
descrptor system?

6. What are HUD's noise standards?

7. Howdo HUD's smdands applyto

C€DBG recipients?
B. Whiat afe thethree gewal
mitigation measures avaliable to HUD

ang thﬂammunlty and inwhat aféar

of preference?

9. When are barriers eHectiveand
whan are they not effective?
10. Describe how the Noise:
Assessment Guideiings canbeused
1o determineappropriate mitigation
mpasuies.

Guiz
Answers
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Chapter 2
The Noise Regulation

Introduction

The bagic foundation forand
structure of the MUB noise program is
sot outintbe nolse ragulation, 24 CFR
§18. The reguiation establishes the
solual standards, assigng
implementation responsibilitivs,
describes reviewand approval
procedurss, and identifias special
sttuations which may warrant waivers
of proceduras or standards,
Therefors, the key to your
ynderstanding and implementation of
the HUD nolse program is-a clear
understanding of the regulation.
There s 00 way to escape the task
of sitting down and simply reading the
regulations, over and over untll you
thoroughly uriderstand them. We have
however done two things that will
help you apply the requiations, First,
for quick reference, wa have prepared
alistof the key sections inthe
regulation and second we have:
prepared an annotated copy of the
reguiation.

Thelist of key sections was
preparad to help youfind the specific
section you need for a spacific
guestion or Issue. Whils the
reguiation ftself is not really long, an
index s always useful. We caytion
you, however, against using the Intex
to avold learning the regulations. The
list was prepared for your
sonvenience inapplying the
regulation once you have comea 1o
understandit,

We prapared the annotated
regulation becauss, try as we might, it
was impossibie fo anticipateal! the
questions, implemantation problsms
and special situations that might
arise and to address them In the
requlation. So, now thet we have had a
Tow years’ experience with the
regidation, we have gathered together
thegimportant quastions, notes,
second thoughts-eic. and prapared
this annotated regulation. We kope it
will give you further insight into what
the regulation means when itis
appliad in the Hisld.

Key Sections in Noise
Rgutation

Suction

51.101{a)2)
51.101(a%%)
51.101(akd)
51.101{a}5)

51,101(2)8)
51,101 (=)
51.102(a)

51.108a)

51.103()

514080
5110

51.1040b)1)

51104042

£1.105(a)
51.106{a)

51.108(a)4}

51.108(d)

51,106{f

Subject

Application of Polic
tn'g&mk Grantg 4
Palicy for New
oo

alicy for Existir
Cangwian ne
Policy for Moderniza
tion and
Rehabilitation
The Exterior Noise
Goal

The . Interior NMSB

rojects
entificatian of ONL
as The Noise
Degcriptor & be Used
How 1o Measure Loud
impulsive Noises

The Noise Standards
Alteruation
Requirernents
Discussed

Special Approval and
Environmentat Review
Heguirements for the
Normadl

Shociat Approval and
Environmental Reviow
Requirements for the
Unaceepiabls zone
Flexibility for Non-
acoustic Benefits

Provisions

How to Teli 1§

Existing Dala on
Lot et
FHE HEVIOw:
Approval Procadurss

For Alrport Nolse
Contours

When Noiss
Measuraments Ma
he Used Instead o
Caloulated Lovels
When to Give Gradit
tor Proposed Barriers
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Part 51—Environmental Criteria
and Standards

Subpart A—General Provisions
Beco,

§51.1 Purpose,

§61.2 Authority,

§51.3 Responsibliities,

§51.4 Program Goverage,

£51.5 Coordination with-environ.
montal clearance requirements.
§51.8 [Reservad]

s-:mn B-Noiss Abatement and

§5$ A00 Purpose and authorty.
§51.101 General policy.
§51.102 ﬂaapmsnbilﬁies*

§51.108 Specia# mquzremants,
§51.108 Exceptions.
- £51.106 implamentation.

Appendix to Sul‘spart B

Authority: Sec, 7(d). Department of
HUD Act (42 U.S.C. 3535(d).

Subpart B—Noise Abatement and
e

This reguiation mpiwes

§51.100 Purpose and authority. HuD Circular 1390.2,

Nolse Abaternent and
{a) Purpose. The Départment of Control, 1971, which is

Housing and Urban Development
finds that noise is a major sourca of Mo °3"i°3"5“‘ , along
environmental pollution which &;2 alt instructions and
represents.a threal 10 the serenity nﬁ"?ﬂ utla!:lmmmlﬁa
and quality of life in population F’f al'“ ng 1o
centers and that noise exposure may ~ ©ToUIan
be a-cause of adverse phyaiological
and psycrmlogical eﬁects as-well as
Boonomic losses.
H is the purpese of this Subpart

fi1vd

(1) Cail-attention 1o the threat of
nolse poliution;

{Z} Encourage the controt of noise
at its sourte in cooperation with
otber Federal departrhents and
ggencies;

{3y Encourage fand yse patiems
for housing and other nolse sensitive
urban needs that will provide a
suitable separation betwesn them
and malor noise sources;

{4} Generally prohibit HUD support
for new construction of noise
sensitive uses on sites having
unacceptable noise sxpostra;

{8} Pravide policy on the use of
structural and other nolse
angnuat.icn measures where needed;
an
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$) Provide policy to guide
lmplemantaticn of vardous HUD

programs,

{b} Aufheﬂfy Specific authoritles
fnr noise sbatemiant and conirof are
contained in:

{1} The Noise Control Aot of 1972
{Pub. L.92-574) which directs Federal
agencios to administer thelr programs
in'ways which reduce nolge potiution,

{2} ‘The Quiet Communities Agt of
1978 {Pub. L. 95-809) which ameanded
Pub, 1. 92-574.

{3) The General Services
Administration, Fadaral Management
Cirgular 75-2: Compatible Land Uses
at-Federal Alrfields presoribes the
Executive Branch's general policy
with respact to achieving compatible
lared uses on eithar public or privataly
cwned property at of In the vicinity of
Federal airfields. -

(4} Secﬂon 1113 of the Housing

rban Bevelopment Act of 1985
i?ub L. 89-117) directs the Secretary
“x +'» to datenmine feasible methods
of raducing the economic joss and
Hazdships suffeied by homeowners ag
a result of the depreciation in the
value of their properties foliowing the
constryction-of airports in the vicalty
of their homes, Including a study of
feasibie mathods of insulating such
homes from the nofse of alroraft.”

. §51.109 General policy,

{a) 1tis HUD's general pdlicy to
provide mintrmigm national standards
applicable o HUD programis to
protect citizens against excessive
nolsa in their communities and places
of rasidence,

{1} .Comprehensive planninig assisk
ance, HUD requires that grantees
give adequate considetation 1o noisa
sxposures and sources of nolsgasan
integral part of the urban environment
in HUE agsisted comprehansive plan-
ning, s Toflows:

{i} Particuiar emphasis shall be
placed on the importance of
compatible land use planning in
relation 1o airports, highways and
other sources ot high nolse.

(i} Appileants shall take into
consideration HUD environmental
standards impacting the usge of land
ag requiredin 24.CFR Part 600,

{iliy Environmaenial studies,
ingluding nolss assessments, are
aliowable costs. , _

{2} Community Development Block
Grants. Recipiénts of communily
developmant block grants under the
Housing and Community
Devetooment Actof 1974 (Pub. L.
93-38%, as amended by the Housing
and Community Devaiopment Actof
1977 (Pub. L. 95-128), must lake info



congideration the nolse criteria and
standards in the etwironmental review
process and considar amelorative
actions when noise sensitive lang
development Is propased innolss
Bxposel areas, Grant reciplents shalt
atdress deviations feorn the stand-
srds in their environmental reviews as
saguired In 24 CFR Part 88,

Whiere COBG activitios are planned
inanoisy ares, and HUD assistance is
conternplated later for housing andlor
othernpise sensitive activities, the
CDBG grantee risks denial of the HUD
asslstance unless the HUD standards
are met, Environmental studies,
Inchuding noise assessments,. are
allowabis costs.

13) HUD support for new
conatruetion, HUD assistance for the
construction of new nolsesensitive
uses s prohibited genérally for
projects with Unacceptable nolse
axpasires and Is discouraged for
projects with Normally Unacceptable
nglse sxposure, {Standards of accept-
abllity are contained In §51.103(c))
This policy appliesto all HUD
programs providing assistancs,
subsidy orinsurancs for housing,
coliege housing, moblle hoime parks,
nursing Homes, hospitals, and all
programs providing assistanceor
insurance for land development, new
communities, redevelopment or any
other pmwsion of facilities and serv-
fces which are dirscted 1o make land
avaitabie tor housing or nolse
sensitive development. The policy
dous not apply 1o research
demonstration projects which do not
resalt In fiew congtruction or
reconstruction, flood ingurance,
interstate land gales regisiration, or
any action or emergency assistance
under disaster assistance programs
which are provided 10 save lives,
protect property, protect public heaith
and safely, remove debris and
wretkage, or assistance provided that
has the effect of restoring facilities
substantially as they existed prior to
the disaster.

{4 HUD support for existing
constrsetion, Nolse exposuie by
itself will not result in the dendal of
HUD support for the resale and
purchase of otherwise acceptable
existing bulldings. However,
environmental noisa is a marketabitity
fagtorwhich HUD will considerin
getermining the amount of insurance
or other assistance that may be given.

The old dafinition of
malor or substantial
rehabilitationand
modermization as being
any project whora cost ls
75% or more of replace-
ment cos{no longsr

apiplies, Now the ¢riteria
cnntamed in Individual
program guidanse
applies.

Existing construction
means unils which are
sither mona than 1 year
oid orfor which this is
fhesepondor
subsequent pufchaser,

1

{8} HUO support of modernization
and rehabilitation. Formodernization
projects focated inal noise exposed
areas, HUD shall encourage noise
attenuation features inalterations.
For major orsubstantial rehabliiiation
projects in the Normally
Unacceptable and Unacceptable
nolse zanes, HUD actively shall seek
to have pmiec:t sponsors incorporate
nolse attenuation features, given the
extent of the rehabiliitation being
undertaken gnd the lsvel of exterior
nolse exposure. In Unasceptable
noise zones, HUD shall strongly
SNCOUTENE conversion of naise-
axposed sites (o land uses
compaﬁbie with the high noiselevels.

18} Research, g uidance ang
paﬂﬂcafians* HUD shall maintaina
continuing program designed to
provide new knowladge of nolse
abatement and control to public and
private bodies, to develop improved
methods for anticipating noise
ensroachment, to developnolse
abatement measuras through tand
useand bullding construction
practices, and-to foster better
understanding. of tha consequonces
of noise. It shalt be HUD's policy to
tssue puldance documents
petiodically to assist HUD personnel
inassigning anacceptabllity category
o projects inaccordance with noise
exposure standards, inevatuating
noise altenuation messures, and in
advising local agencias about nolse
abatement strategies. The guidance
docurhents shall be updated
pedodicatly In accordance with
advarices in the §tats-ob-the-art.

(1) Construction egquipment,
buitding equipment and
appliances. HUD shall encourage the
use of guister construstion

_equipment and methiods In population

centers, the use of quister squipment
and appliances In bulidings, and the
use of appropriate nolse abaternent
techniques in the design of
regidential structures with polential
noise problems,



{8) Exteriornolsegoals. tisa
HUB goal that exterior nolse levels do
not exceed a day-night average sound
level of 55 decibels: This level Is
recommended by the Enviranmental
Protection Agericy as a goal for
outdoors inresidential areas, Tha
levals Tecommendad by EPA are not
standards and do not dake indo
account cost or feasibility, Forthe
purposes of this regulation and to
meet otherp  sbjectives, sites
with & daynight average sound level
of 65 and below are acceptable and
are allowable {see Standards in
§51.103(c)).

(9} Interiornoisa goais, 1tisaHUD
goal that theinterior auditory
environment shall not axcesd a day-
rlghtaverage sound level of 45
degibels. Altenuation measuresto
meet thase interior goals shall be
employed where foasible. Emphasis
shall be given to nolse zensitive
Interior spaces such as bedrooms:
Minimusyattenuation requirements
are prescribed in 851, 18&(3)

{10} -Acoustical privacy in
muitifamily bulidings. HUD shall
require the.use of bullding design and
acoustical treatiment 1o afford
acoustical privacy In multitamily
bulidings pursuant fo requirements of
the Minimum Property Standards,

§51,102 Responsitilities.

{a) Authority to approve.

- projects. {1} Decisions on proposed

projects with agceptable noise

sxposures shall be-delegated to the
program personnal within field
offices, including projects where
ingreased notse levels are considered
acoaptable becaise of non-acoustic
benafits under §51.105(a). Field oHfice
program personnel may. also approve
projectsinnormally unacceplable
noiss exposed areas where adequats
sound attenuation s provided and
where the-project does not require an
Environmental Impact Statement
unicar §51.404(b:

{8) Other approvals in normally
unacceptable nolse exposed areas
require the concurrence of the
Regional Administratar.

{31 Requests for approvals of
projects of portions of projects with
unacceptable nolse pxposures shall
be referred through the Regional
Oftice to the Assistant Secretary for
Communily Planning and
Development for approval pursuant to
§51.104M).

The Noise Control Act of
1972 raquired EPA to
“aublish information on
thelevels of
environmantal
notge. . which, , are
requisite 1o protect the
:uﬁ?:ic health a{':d weliaim
anadequate margin
of safely" EPAhas
Interpeeted this 1o mean
thal the tevels should not
raflest technical
feasibility oreconomie
costs, "Health and.
welfarg" is define as
belng "complate
physical, mantal and
social weil-belng and not
merely the absenceof
disease and Inflrmity.”
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{41 In cases where the Reglonal
Administrator determines that an
important precedentorlssus is
tnvolved, such cases shall be refarred
with recamemiatm to the
Assistant Sscretary for Community
Planning and Development.

) Surveiltiance of noise probiem
areas. Appropriate field staff shall
maintain survelilance of potential
naise ;mbiem areas and acvise local
officlals, developers, and planning
groups of the unacceptability of sites
because of nolse exposure at the
sarfisst possible tims in the dacision
process. Bvery attempt shall be mads
to insure that applicants’ site choices
are consistent with the polley and
standards contained heroin.

{6) Notice to applicants. Atthe
sarfiest possible. Stage, HUD program
administiators shali:

1) Determine the suitabllity of the
acoustical environment of proposed
pmjects.

{2) Notity applicants of any adverse
or guestionable situations: and

{3} Assuralhat maspecﬁwa
applicants are apprised of the stang-
ards contained hefein sothat future
site choites will be consistent with
these standards,

{d) Technical assistance, Technical
assistanseinthe measurement,
estimation, lemerpwtaﬂon,
prediction of noise exposura is
avaliable fromthe fo%::?asof
Communily Planning and
Davelopmient and the Office of Policy
Development and Research, Fleld
office questions shalt be forwarded
through the Regional Office to the
Assistant Becretary for Community
Planning and Davelopmant or his
designee.

{e) ‘Interdepartmental
eoordination. Regional
Administrators shall foster
appropriate coordination between
fiald oftices and other depariments
and agerncies, particularly the
Environmental Protection Agenay, the
Department of Transportation,
Departmentof Defense
representatives, and the Veterans
Administration, HUD staff shall otilize
the acceptability standards in
commenting on the prospettive
impacts of transportation facilities
arud other noise gensrators in the
Environmanial impact Statement
review process.



$51.103 Critoria and standards. Methodds for assessing the
Thess standards appiy o al contribution of Joud impulsive sounds
programs as indicated in §61.101, 1o day-night average soursd level at a
{a} Measure of externsi noise sHeand mathematical expressions
environmants. Tha magnitude of the for determining whether a sound is
external noise environmend at asitels  classedas “Joud impuisive” are
datermined by the value of the day- pravided in the Appendix,
night average sound Jevel produced {c} Exterior standards. The degree
as the result of the accumulation of of acceptability of the noise
noise from alt sources contributingto  environment at a site is determined by
the exteral noise'environment atthe  the sound leveis external {o aidings
site. Daynight average soting lovel, or other facitities containing noise.
abbreviatedas DNL and symibolized sensitive uses. The standards shall
88 Lyy, 18 the 24hwur average sound usually apply at a location 2meters
. fevel, in decibels, oblained after (6.5 feet) from the building housing
addition-of 10 decibels to sound noise sensitive aciivitiesin the
fevels In the night from 10 pam.to 7 direction of the predominant noise
am. Mathematical expressions for source. Where the building location Is
average sound level and day-night undetermined, tha standards shall
average sound level are stated inthe  apply 2 meters (6.5 feet) fromthe
Appendix, ' building setback line nearest to the
) Lowd Impulsive sounds. Qnan  predominant noise source; The
interimy basis, when Joud impuisive standards shali also apply at ather
sounds, such as explosions orgonis  focationg where i1 1s determined that
booms, are experienced atasite,the - quiet culdoor spaceis requiredinan
day-night averape sound level area anciliary to the pringipal use on
produced by the loud impuisive the site.
sounds glone shall have & decibels . ~
adeled 101t in assessing the The noise environment inside a
acceptability of the site{see building is considered acceptable If
Appendix). Afternatively, the C- {a)the noise environment external to
weighted day-night average sound the building complies with these
fevel (Log,) may be used without theg  Standards, and (b) the buliding Is
decibel addition, as indicated in canstrusted in a manner common o
Section 51.108(a)3). the area or, if.of uncommon
: canstruction, has at feast the
equivalent noise attenuation
characteristics.
SHe Acceptability Standards
Day-night average sound
leved (in decibels) Speciat
: approvals and
requirements
Acceplable ... .. .. . Nolexceeding 65dE1) ___None
Nommnally Unacgeptable . Ahove 85 dB bul not
exceeding 75dB8._______...Special
Approvals 2}
Environmerital
Review (3)
Altenuation (4
Unacceptable Above 7548 .. Special
Approvals (D)
Enviropmental
Review (3)
Atteniuation {5}

Notes.— (1) Acceptable threshold may be shifted to 70 dB in special

circumstances pursuant to Section 51.108a)
{2} Sex Section 51.104(b) for requiremaents.
(3) See Section 51.104(b} for requirernents,

{#)5 dB additional attenyation required for sites above 65 dB but not
exceeding 70 ¢B and W dB additiona} attenuation required for sites above 70

B but not excesding 15 4B. See Section 51.104))

{5) Attenuation measures to be submitted to the Assistant Secretary for

CPD for approval on a case-by-case basis.
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This is because the
reverberation effsct of
sound waves hitfing the
wall will increase the
noise levels at the site.
You won*t pick this up
uniess you back off from
thewall 10 measure.



Barrs and barrlers are
our first cholece because
they provide protection
for yards, playgrounds,
elc. Since out

activity 1s often very
important to residants
we want to protact the
outdoor areas as much
as possible.

8y definition a barrler
mus! be separate rom
the bullding-or area it Is
providing attenuation
for. After all barriars are
proferred because they
improve exterior ag woll
as interior lovels. Non-
noise sensitive buildings
oan, however, be used
a8 barriers for noise
sensitive bulldings or
exterior preas,

§51.104 Special remgnts,

{8} MNalse attenuation. Noise
attenuation measures are those
required in addition to-attenuation
provided by bulldings as commonly
constructed in the area, and
requiring open windows for
ventilation. Measures that reduce
external noise at a site shall be used
wherever practicable in preference to
the-ireorporation of additional noige
attenuvation in bulldings, Buliding
designs and construction technigues
that provide more noise attenuation
than typical construction may be
employed also 10 meet the nolse
attenuation requirements.

Y Normaily Unacceptable noise
zone. Approvals in this zone require
a mirimum of 5 decibels additional
sound attenuation for bulidings
having nolse-sensitive uses iFthe
day-silght average sound levet is
greater than £5 decibels but doss
not- exoesd 70 decibels, or a
minimuny of 10 decibels of
additional sound attendation if the
day-night average sound level Is.
greater than 70 decibels but does
not excesd 75 decibals,

{8} Unacceptable noise
2ane, Naise attenuation measures
raquire the approval of the Assistant
Secretary for Community Planning
and Davelopment {G6e §51.104(%2))

(b} Special Approvals and
Environmental Review
Reguirements. Ervironmenial
Clearances shall ba conducted
pursuant to the requiremenis of
HutYs Departmantat Policies,
Responsibitities and Procedures for
Protection and Enhancement of -
Environmental Quality (38 FR 19182
as amended) or othier environmental
roguiations which may be issuad by
the Department. The Special
Clearance and Ervirontiental mipact
Statement (EiS} threshold
requirements are hereby modified for
ali projects proposed in the Normally
Unaccepiable and Unacceptable
noise sxposure zones ag follows:

{1} Normaily Unacoeplable noise
zone. (i} All projects locatedin the
MNormally Unaceeptable Noise Zone
require a Special Environmental
Clearance oxcept an EIS is required
for a-propasad project locsteding
largely undeveloped area, or where
the HUD action is likely 16 encourage
the establishment of incompatible
{ant uss in this noise zone,
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Agsumplion is that
standard construction
provides an averags of
20 Ly attenuation, At 685
Lgn or befow this
amount of attenuation
would be sufficlent to
meet interior level of 45
Lgne Additional
requirements are
designed to-meet this
goal even when exterior
noise levels are higher.

Substitute
Environmental
Assessment {with ECO
concurence) wherover
vou see Special
Claarance.



{ii} When an EIS is required, the
soncurrence of the Regional
Administrator is alsc required before
aproject can be approved. For the
purposes of this paragraph, anares
will be conslidered as largely
undeveloped unfess the area withina
2mille radius of. the project boundary
is more than 50 percent developed for
urban uses and infrastructurs
{particularly watér and sewers) s
available and has capacity to serve
the project.

{itly Al other projecis inthe

Hy Unacceptable zone requirea
Speciai Envircamentat Clearance,
axcept where an EIS s required for
ofher feasons pursuant to HUD
sovironmentat policies.

{2 Unacceptable noise zone. An
EISds raquired prior to the approval of
projects with unacteptabla noise
axposure. Projects In or pattially inan
Unatceptable Noise Zone shall be
submitted thirough the Regional
Administrator to the Assistant
Sacrata:y for Community Planning

velopment tor approval. The
Ass%sftast Sat:miaty maywaivethe
E18 requirernsnt in cases where noise
isthe-only environmental issve and
no cutdoor sensitive activity wifl fake
place on the site, In such cases, a
Speclal Environmental Cledrance is
reduired.

{51105

@ Fiexwl{ty fornbwacoustic
benefits, Whers it Is determined that
program shiectives sansiot be
achieved on sites meating the
amepm:i ity standard of 85 dacibels,

the Acceptabls Zome iay be shiffed.

10 Ly 70 0n acaseby-case Dasis i all
the tollawing conditions are satistied:

-{1) “The project does not requirs an
Environmental impact Statement
under provisiona of section 104(bX1)
mise is the tinly environmental

project has received a
_Sp{gﬂa} Environmental Cledrance and
has recelved the concurrence of the
Environmental Clearance Officer.

{3) Theproject mests other
program goals to provide housing in
pmx;mlty o sinploymant, public
tacliities and transportation.

{4 The projact is Inconformance
with logal goals and maintaing the
character of the neighborhood.

{5 The project sponisor has set
forthireasong, accepiable o HUD, 8s
1o why the noise attenuation
measures that would normaliv be
required for new construstion inthe
Lan 65 0 La 70 zone cannot be met,

When the area in
questionisin asmall
community outsice an
SMSBAandihe
appiication of the 2 mile
rachius rute wouki be
unreasonable, an area
can be donsidered largely
developed Ifitis
oontiguous to existing
development and
infrastructurs Is available
and has capacity (o serve
the project. The Assistant
Secretary will review
themona eas&byease
basis, in all other cases
the 2 mille radiusiBov,
rule atill applies.

Cautior--gvery affort
should bemadeto got
officla '
contours—particutarly
for military Instalintions
and large air carrier
alrports rather than trying
o use the Noise
Agsessment Guidelines.

What this really means s
that'the 5db atfenuation
teduirament for the 65-70
Lop 2008 5 waived,
Frimarily intended for
urbasn araas whers
alternativa sites are not
availabie. Note that alt
conditions must be mat.

These requirements are
very important. Be caretul
with-design hour vaives;
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{6) Oiher sites which are not
exposed fonolse above Ly, 85 and
which meet program objectives ars
gensarally not available,

-above factorsshalt be
decmmted and made pait of the
project file.

§51.106 } '
{a Use afavai!abla dafs. HUD field

-gtaff shall make maximum use of

noise data prapared by others when
such dafa are determinediobe
current and adequataly projacted into
the future and arein terms of the
foliowing:

{1} Shesin the vicinity of
airports. Tha nolag environment

around alrports is described

sumatimes interms of Nolss
Exposure Forecasts, aboreviated as
NEF or, Ivthe State of Callfornia, as
Community Nolse Equivatent Lavel,
abbroviated as CNEL. Tha nolse
environment for sites in the vicinity of
alrports for which daynight average
sound level data are not avaliable may
be avaluated from NEF or ONEL
analyses using the following
conversions 1o DL
DNL=NEF 4+ 35
DNL~=CNEL

(2 Sites in the vicinity of
Highways, Highway projects

recelving Federal aid are subject to

noistanalyses under the procedures
of the Federal Highway
Administration.

Where Suchanalyses are avallable
thoy may be used 10 assess sites
subject to ihe reguirements of this
standand, The Federal Highway
Administration employs two aiternate
sound level descriptors: {a) The A
weighted sound lavel not exceaded
morethan 10 percent of the time for
the highway design hour traffic fiow,
symbolized as L or (bj the squivalant:
-sound level for the design hour,
symbolized as Lyq. The day-night
‘aversge sound level may be estimated
from the design hour L,, or Leq values
by the following mlat:oashipa
provided heavy trucks do not excesd
10 parcent of the fotal trattic fiow in
vehicles per 24 hours and the traffic
fiow bistwsen 10 pam. and 7 am. does
not sxceed 15 percent of the average
Qﬁgﬂy traffic flow in vehicles per 24

Hrs:

DNU=L., {design hour}--3 decibels
DNL=L__{design hour) decibels

Where 1 autofiruck mix and time
of day relationships as statedin this
Saction do not exist, the HUD Noisa
Assessment Guideain&s orother’
noise analysis shall be used.



{3} Sites inthevicinity of
ingtaflations produting loud
impulsive sounds. Centain
Depariment of Defense installations
produce loud impulsive sounds from
artilery firfing and bombing practice
ranges, Noise analyses for these
tacifities sometimes sncompass sites
{hat may bs sublect to1he
fequirements of this standard. Where
such analyses are available they may
St sty o
establish the acceptability of sites
under this standarnd.

The Department of Defense uses
day-night ayerage sound jave! based
on C-wsighted sound fevel,
symboiized Loay, for theanalysis of
loud impulsive sounds. Where such
analyses ara provided, the 8 decibel
addition specitied in 51.106{y, Is not
required, ard the same numerical
values of day-night average sound
level used on an Interim basis 1o
detérmine sife sultability fornon-
imipulsive sounds.apply to the Loy,

{4) Use of arpawide acoustical
data. HUD encourages the
preparation and use of arcawlde
acoustical information, such as aoise
contours forairports. Wherd such
new of ravizad contours becoms
svaitable for atrports (civil or militery)
and military instaltations they shatl
tirst be referred 1o the Fegional Office
(Environmantal Clearanca Officer) for
review, evaluation and decision on
appropriateness for yse by HUD. The
Regional Office shall submit revised
contours 10 the Assistart Secretary of
Community Planning and
Development for review, evaluation
and decison whenever the area
affectedis'changed by 20 percent or
more, or whensver it is determined
that the new contours will havea
significanteffecton HUD programs,
or whenever the contoursare not
‘provided in amethodology acosptabla
undet §51.108(a)(1) or inother cases
where the Regional Office determines
that Meadquarters review is
warranied. Forother arsawide
acouslicat dats, review is required
only where existing areawide gataare
baing utllized and where suchdata
have been changed toreflect changes
inthe maasurement mathodology or
isnterlying noisa source assumptions.

Contours for future noise

levels based on new
construction, mission
changes eteowhich
beciuriaavaliabie as part
ot the Environmeniat
impact Statement :
process shall net be used
untit the NEPA process is
complete and a decision
on the proposed action is
made,

When new orrevised
contours are approved,
ke sure alt interosted
peoplein local ares are
informed that HUD wili
bo using differsnt
contours, Make a special
effort toinform the most
active developars inarey
or devetopars wiv) have
workad 'with HUD before.

This is also required for
noise studias for devel-
opers by consultants,
whether 1o brovide
urigingl data, orfo

eontest existing dataora

HUD analysis, itis

particuiarly important to

make sure the same
tratfic, vehiclpor
operational data were
used foreach sfudy,

when ons study Is being

contested.
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Requests for determination on usane
of new or revised areawide data shal|
include the following:

{y Maps showing old, if applicable,
and new noise contours, along with
brief description of data source and
methodology.

{B} impact on existing and
prospsetive urbanized areas and an
developmant activity,

(i) Impact-an HUD-assisted
projects currantly in processing.

{iv} Impact on fulure HUD program
activity, Wheraa fleid oHica has
datarmined that immediate approval
of now areawide data Is necsssary
and wamranted in limited geographic
areas, the request for approval should
state the circumstances wananting
-suchapproval. Actions on praposed
projects shall not be undertaken while
newareawlde noise data are being
‘congsiderad for HUD use except wiere
the proposed location is affectedin’
the same manner ynder both the old
and new noise gata.

b} Site assessments. Compliance
with the standards contalnedin =
§51.403c) shall, where necassary, he
determined using Noise assessment
guidelines, handbooks, techiical
documentsand proceduras ssued by
theDepariment.

&) Varalions in site noiss
levels: Inmany ingtances the noige
environment will vary across a site,
with portions of the'site being inan
Ancepiable nolse srvironment and
oifer portions ina Normally
Unacceptabie noise environment. The
standards in§51,103(c) shali apply to
the gortions of a buliding of bulidings
used forresidential purposes and for
anpiildry noise sensitive open spaces.

{d) Noisemaasuremerits, Whare
noise asseasments result Inatinding
thal thesHe isborderiineor
questionable, or {8 controversial,
noise measurements may be
pertormed. Where it Is determined
that noise measurements are
required, such megsuraments will be
sondiicted in acoordance with
methods and measurement criteria
pstablished by the Department.
Locations for nolse measurements
will depend onthe location of noise
sensitive uses that are nearest to the
predominant noise source (ses
§51.103¢c)).



This provizion shouid be
tged with caution, Very
clearand strong assue-
ances that berms or
barriers will be con-
sfructed shouidbe
obtained Inwriting befors
approval.

Again also note that by
definition a barrier must
be physically separate
from the building or area
it is providing atfenuation
for,

The Noise Asgessment
Guidsiines contain
procedures for evaluating
barrier etfectivenass,
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" {8) Profections of noise exposure,
in addition to assasging axisting
axposure, future conditions should be
projected. To the extarit pogsibis,
noize exposure shall ba projected 1o
be representative of conditions that
areexpected to exist at a time at least
10 years beyond the date of the
project or action under roview.

) Reduction of sfte noise by use of
barms andior barrters. If it isdeter-
mined by adequate analysis thata
berm and/or barrier will reduce noiss
at a housing site, and it the-barrieris
existing or there are assurances that
it will be in ptace priorio-ocoupancy,
{ha enwvironmental noise analysis for
the site may reflect the bensflts
afforded by the berm andior barrier;

in the environmental review
process under §51.104(h), the location
height and design of the berm andior
barrier shall be evaluated to deter-
mine its effectiveness, and impact on
design and aesthetic quality,
gleculation and other environmental
factors,

; to Subpart B—definition of
aooustical quantities

1. Sound Level. Thequantity in
decibels measured with an
instrument satislving requirements of
American National Standard
Specification for Type 1 Sound Level
Meters 81.4-1971, Fast time-
averaging and Afrequancy weighting
are to be used, unless others are
specified, The sound level meter with
the A-welghting is progressively less
sensitive to sounds of frequency
batow 1,000 heelz (cycles per second),

somewhal as is the sar. With fast time

averaging the sound lsvel meler
responds particularly 1o recent
sounds almost as quickly as does the
ear in judging the toudness of &
sound,

{2) Average Sound Level. Average
sound level, In decibels, is the levelof
the mean-square A-waighted sound
pressure during the stated time
period, with reference to the square of
the standard relerence sound
pressure of 20 micropascals.
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"When projections for

afrporis are based on new
construction or similar
actions the likelihood
that such major action
will actually take place
shouid be caretully
evaluated, Thisis
particularly important if
local fundingy Is required.
Check 1o ses i initial
actions such as land
purchases, bonds etc.
been taken. if projections
are just basad on
expanded trafficlevals
make sure they are
reasonable for the area.
Projections for smalier
communities are oftén
overly optimigtic,




Time t is in seconds, so the limits
shown in hours and minutes are
actually interpretad In seconds. Lalli
Is the time varying valve of A-
waighted sound tavel, the quantity in
decibels measured by an instrument
satisfying requirements of Amerlean
Nationa! Standard Specification for
Type 1 Sound Levet Meters
St.4-1971, _ : _

3. Lood impulsive Sounds. When
loud impulsive sounds suchas sonic
booms or explosions are anticipated

sontributors fo the nolse environment

.at asite, the.contribution to daynight

averagesound level produced by the
loud impuisive sounds shal! have 8
decibels added to itinassessing the
aeceptabilityof asite.

A loud Impulsive sound is defined
for the purpose of this regulationas
ofe for which: _

{1 Thesound s definableasa
discrete event wherein the:sound level
Increases toa maximum and then
decreases inatotal time Interval of
approximately one second of less fo
the-ambient backgroning isvel that
gxists without the sound; and

{ily The maximum sound igvel
{obtained with stow averaging time
and A-weighting of a Type 1 sound
igvel meter whose charactedstics
comply with ANSI §1.4-1971) exceeds
the sound leve! prior to the onset of
the event by at lsast & decibels; and

{itl} The maximum sound level
oblainad with fast averaging ime of &
sound ievel rostor exceeds the
maximum value obtained with slow
averaging time by at least 4 decibels.

Issued at Washington, D.C., on July
5,178,
Patricla Roberts Harrig,
Secretaryof Housing and Urban
Devsivpment,

{FRDGC. 79-21481 Filed 7-11-78, 8:45

am|]
BILLING CODE 4216-01-11

- Quiz on the Noise Regulations
Guestions

1. What isthe HUD policy on
support forexisting constructon in
high nolse areas?

2. What is the definition of “major o
substantial rehabilitation™?

3. What s HUD's Irterior noise
‘goal?

4. What project approval authority
does the Field Office have?

5. Who approves projects in the
Unacceptabie Zone? o

6. What nolse descriptor is used to
express noise lavels n the
regulation?

7. How are loud Impuisive sounds to
be evaluated?

8. Atwhat point on a building’s
exterior are sound levels to ba
determined? _

8. What isthe basio assumption
behind thisatfenuation levels
raquired? _

10. What type of attenuation
measuras are preférred?

1. When should building attenuation
measures ba considered?

12. When are EI8's required?

13. Whenls an area considered
“iargely undeveloped"?

14, Whatis “Flaxibility for Non-
Acoustic Bepefjta™?

15. Six conditions ara fisted for
walying the attenuation requirement
urider the Flexibility for Non-Acoustic

Benefils provision, how many mustbe

met for thewalverto be granted?.
16. Who has tha authority to grant the
attenuation requirements waives
under the “flexibility” provision?

7. What nolss descriptors other than
ONL are aoceptable foraircraft nolsa
conlours?

18. Who normally approves argawide
rioise data such as airport noise
gontours? _

19. Hasiteis partiaily In the
Unaoceptable Zong and partially in
the Normally Unacceptable Zone,
which reviaw and approval procadires
apply? i

20. When should nolse
measurgments be used In lieu of
argawide data or Nolse Assessmenit
Guidelines calculations?

Quiz on the Nolse Regulations
Answers
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Chapter3

Major Policy and
implementation Questions
Related to the Noise
Regulation

As regulations are applled In the fieid,
it is inevitable that guestions will
arise, 1 s, afterall, very difficult to
anticipate svery s!tuaitoﬂ whan.
" préparing a regulation. Sometimes.
the questions relate to specific and
uhique situations of limited interest
to anyone but the office involved.
Other qudstions, however, raise
issues of mare general concem. fn
‘this section we have brought together
thie most important and most relevant
quastions that have arisen since the
noise reguiation went into effactin
August of 1879, We have useda
question and answer format for your
convenisnve.

Thetollowing are the topies included:

1. Noise projections for civilairpons
2. Datinition of intill for small towns
3. Arsawide EiSwalvers
-4, Requiremants for modemization
and rehabiiltation projects
5. Useof berms and barrlers a3
“atlenuation measures _
6. New and revised airport nolse
contowrs

1, How valid and useful arg-civil

-airport noise projections that show

signiticant reductions in the amoist
of land exposed to high nolse leviels?
Should we be suspicious?

Contours that show significant
reductions in the arss exposed {o
High noise jevely may saem
guastionable, but, according to the
Environmental Protaction Agency,
they may be quite accurate. The EPA

‘does expact 10 sae some significant

reductionsin the nurmberof people
exposed o highlevels of alroraft
nolse ovar the next 15vears. In their
report Aviglion Noise: The-Next
Twenty years, EPA stated that they
axpested to sea the number of peopis
axposed to levels of 85 Ldn or greater
to drop from a:1975 Hgurs of 5,550,000
1o about 2,650,000 inthe yaar 2000,
Mucly ot this reduction would cocur
during the period 19801985 with
miore modest decresses: thereafter.
The reductions are-expected to result
from the Federal Aviation
Admiristration’s cufrant nolse
certification requiremants, aven with
up fo 100% tnoreases In alrcraft
operations. {Current certification
requirements are fof ali new aircralt
to achieve staps three nolse tevels
arid all older alrraft i achiove stage’
twolevels by 1985 Progress has been
good in meeting these requirements )
ingeneral then, youshould not be
surprised to see significant
reductions in contour stze if the
following conditions are met:

* the decreasainsizeis fio more than
B0%:

* the increase inoperations isno
more thar 100%; and

» FARstaged aimraft suchasthe
8757 and B767, are Includad in the
fiset:mix, but not to the total
sxciugion of all other afreraft.
Assuming that the contours sre
otherwise technically corect,
significantly smaller contours should
be acceplabie.
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2, Many small fowns aren't big
enough for a project to meet the
definltion of Inflil containedin section
51,104 (DX 1K), However, a project
iocatad in the hean of town can hargly

- beconsidersd tobeina largely

undeveloped area. Must an EIS be
prepared?

Not necessarily, if the jurisdiction
in which the project Is located is not
part.of a standard matropolitan srea, 5
project may be conaldered infill if it is
within or contiguous 1o the already
developed arsa and infrastructure
{particularly water and sewerl is

‘avalisble and has the capacity to

serve the project, It must also be clear
that the projest will not aencourage the

-agtablishment of other incémpatible

fand uses in the nomally
unacceptable nolse zone,
it you believe & project meets these

‘criteria, submit documantationite the

Office of Environment and Energy for
thair raview and determination.

3. What can we do to reduca the

‘procedural burden wher, 1or avariety

of reasons, the Department expects
toba aonsldering gnumberof
projectsinan unacceptable noise
zone? Most of the projacis would
probably quality for an EIS waiver, but
how can we avold filling repetitive,
Individust requasts?

While tha number of cases whare
the Depariment would be seriously
sonsideting a number of projecis
exposad tounasceptable rivise fevelg
inthe same jurisdiction is likely to be
{imited, there Is an altermative to
individual processing In these
situations. The allernative is to issus
an areawide walver for the entire
attected jurisdiction. Such a walver
can be.useful whén the undcceptabie
nolse zone heavily impacts a
substantially deveioped community
with limited site allernatives. (In most
cases we would expset that the rioise
source would be alroratt, but In very
smadl towns it is possible thata
Heavily used rail fine could creats a
{arge unacceptable noise zone)

An areawide EIS waiver would, of
course, have {o have a more detafled
grwironmental assessment thar an
individual projest reqjuest, and there
greother special processing sleps.



But i you have a situation where you
think the Department has 4 good
reason to expect 1o process & number
of projacts within the unacceptable
noise zone, there is an altermative to
individual EIS walvers: Contact the
Office of Environment and Energy for
detalls on how to retuest the
arsawide walver.

4. What exactly arethe processing
fequirements and general poicies Tor
moderiization-and rehabliftation
projects? Does secton 51.104 apply to
thom as well a5 1o new construction?
The noise regolationis a bit confusing
onthis,

Yos; the notse regulation is a bit
vonfusing on:this question. We have
suen saveral Inslances where fleld
offices have mistakenly applied the
provisions of Section 51,104 1o
micdernization and rehabilitation
projects. We believe that this happens
because section51.104 is notas
clearly Htled ag it might have besn. It
would be betterif it read “special
requirements for naw congtruction”
rather thari simply “special
requiremants”

Theonly parts of the regulation that
apply to modemization and
rehabilitation projects aré sections
51.101 (3)5) and the definitions of
nomally unscceptabla and
unaaaepiabie nolse zones contained
in the table in saction 51,103, None of
the other proeszing or policy
provisions of the table or of sections
51.102 and 51.104 apply. Theretore:

+ modermizationand rehabilitation
projects ara 1o be prosessed by the
flotd of flces regardiess of the nolss
Zone.

» Ei8's are not required for
modernization and rehabilitation
prolects uniess mandated by other
applicable erwironmental regulations.

You must however continus to
encourage attenuation features In
modemization and rehabliitation
projects, inaccordance with the
general policy stated In section
511025

5. Wa know that berms and barriers
ars the preferred type of nojse
sttenuation because of the protection
they provide for outdoor fiving areas,
butwe nead some furtherguldance on
when they are really the best cholce.

White barriers can be an effective
noise attenvation technique, they
must, indeed, be used with caution
and common sense because they ca
craate more problems than they solva
Vary high noise barriers cancreate
significant aesthetic and financial
problems relative to the noiss bonefit
{o be achieved. Barrers gan block
light, hinder natural ventilation, create
an unpleasant sense of being walled
in, ahd can be very unatiractive. In
addition, barrers dorequire
gontinuing malntenance and can be
very costly to build,

itis important to romsmber that the
noise reguigtion says thal “measures
that reduce external ndisg st asite
ghall be used wherevér practicable.”
151t practicable 1o propose a 20 foot
high barrisr only 15 fest from the reer

of atwostory buiiding? Granted it

wotild certainly protect the building
from noise, but what about the
blocked light, the reduced ventHation,
the visual impact, and the cost? The
purpose of a barrier is primarily {o
reducethe nolas levels n those
outdoor areas that people use. The
secondary purpose is to reduce the
niead for structurat attenuation.
Therefore, the barrier should dnly be
as highas is necessary to protect
those aress. Struttural aﬁewaﬂon
should be reguired for the ofthe
building not protected by the barriar,
And if there aren't any outdoor areas
where low noise favels are important,
barriers shouldn't be requirsd eniess
they would be more cost effective
{han buliding attenuation measures,
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get the word out. At the very

6. What should we be doing once we
have processed new or reviged
alreraft nolse contours andmeyhasm
bean approved for use?

The most important thing you can
do once new or revised alroraft nolse
sontours have been approved for yse
Is to tell the penple who are most
likaly to be affected by the change. if
you have a newstetter-ihat you
regularly publish, that is oneway to
least
should specifically notity tha affacted
iuris&cﬂms and the
buil pers who ars known io
be au%wa i the vici nity of the noise

areas, Make sura you notify
bisticlers and & whi have
large scale pmjects ihat you have
been processing in sections. Go back
and check youir fles 1o flnd them.
Even though you should have done an
overall environmaental féview of the
projact at the time tha first section
was submitted, the approval of
inchividual sec'tions Is dependent on
the nolse iévels at the time that
section is submitied.




Chapter 4
Noise Attenuation

lntroducton

HUD's noise policy {24 CFR51B)
tlearly requires that npise attenuation
measures be provided when proposed
pro;ecﬁs arelo be located in high
noise areas. The requirements set out
i Section 51.104(a) are desigried to
inguré that interior levels donot
excied the 45 Ly, level established as
agoal inSection 51.304a)0) Thus, In
sifect, i the exterior notse level 1465
Lﬁnwm Lan, 25 dbofnolse
attenuation must be provided; if the
extdrior noise fevel Is between 70 and
75 Lag; then 30 db of attenuationis
required, L:kewlse, for projects
proposed for areas where nolse levels
axcesd 75 Ly sufficient attentaton
must be provided to bring interior
Fevals dowr 10 45 Ly, or below,

There are three basic ways 1o provide
the noise attenuation required:

1. the useof barriers or barms
2. sitedesign
3. apoustival construction

Of these, only the first two provide -
any improvement in the exterior

envirohment. Because HUD cohsiders

aquiet exterior environment to be
important, we prefer the use of those
measures that reduce exterior levels
as well as Interior levels. The yse of
acoustical construttion by itsaltis,
theretore, the least pratarred
alternative since it onfyaffects the
Interior levels. While we recognize
+hat in many cases barrisrs or site
dasign cannot provide all the
attenuation necessary, you shoulid
‘borpbine thém with acousticnl
constntion whenever possible.

Your responsibility as a HUD staff
mamberigtor

+ make sure the project sponsor or
developer is aware of the attenuation
requirements for the project.

* make the sponsorawareof the
options available

and ‘

s review attenuation proposals 1o
maka sure 1hey are adequate.

‘While it Is not your responsibility to
provide detailed design assistante {o
the sponsor ordeveloper, you should
knaw enough sbout the altenuation
oplions to give bim orhera basic
understanding of what must be done,
in many cases, you fay ba ableto
reassurethe sponsor or developer
that the necesgary attenuation can be
achieved through the use of common
construction techniques or matariais,
Oryou may be able to point cut how a
simple site design changa can
achieve the dosired result without
additionat cost.

The following sections ars
designed to provide you with the
information you wiif nesd 1o fulfill
your responsibilities. Each
attenuation approach is discussed
both in tefns of basic concepts and in
terms of what 16 lock for inreviewing
attemsation proposals. Fhe
discussion does assome that you
have aworking knowledge of the
Noise Assessment Gujideiines. if you
have not-worked with the Guidelines
‘betors or not recently youmay want to
go-back and review them, particularly
the seelion on aloulating theetects
of barriers.

Barrier Noise Reduction
Concepls

(The following, withy soma editing and
witty some additional graphics, is
taken from the Federal Highway
Admirisiration’s Nolse Barrier Design
Hangbook )

When no obstacles are present
between {a source] and adioining
areus, sound travels by a direet path
from the "sources™... 1oithe]
“recoivers™.., as shown in Figure 1.
introduction of a barrier betweenthe
sourceand revelver redistributes the
sound energy inte severaf findiract)
poths: & ditfracted path, over the fop
ot the barrier; a fransmitied path,
through the bamder. and a reﬂeniad
path, directed away from the receiver.
Thise paths ars also illusirated in
Figure 1.

S Noise Bairier Destgn Handbook US Depstiment of
Tranaporiation, Federal Highinmy Administration,
me 076 {F HMA- RO 26540,
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Barrier Ditfraction and Altenuation

Consider an infinitely fong, infinitely
massiva nolse barrier placed betwoen
& mighway and the recelver. Figure 2
Hlustrates a cross-section through
such a configuration, [in] this
exarnple, the only way that sound can
regchithe receiver is by banding over
the top.of the barrier; as shown in the
figure. The bending of sound waves In
ihiz manner over an obstacle is
known as diffraction. The areain
which.diffraction oceurs behind the
barrigr is known s the “shadow
zone:" The straight pathi fromthe
source over the lop ofthe barrier
formsthe boundary of this zore.

Alf receivers located in the shadow
zone will experience some sound
attenuation; the amount of
attenuation is directly related to the
magnitude'of the diffraction angla ¢.
Az ¢ Incredses, the barrer attenuation
increases, The angle ¢ will increase If
the barfier height increases, or if the
source or receiver ara placed closer to
thebarrier, Clearly then the barrier
attenuation is atunclion ol the.
geometrical relationship betwesn the
BOUrCE, recelver, and harrier, Orie way
ot relating these parameters to the
barrter attenuation is to defins the
path-length diffsrence as showfi in
Flgura3. This parametar is the
ditferance in distance that the sound
must fravel in diffracting over the top
of the-barder rather than passing
directly through'is.

Inthe preceding discussion it was
assumed thal the barrier was
“infinite"; i.e,, fong enough to shield
the receiver from gl sound sources up
and down the highway, For short
barriers, the attenuation can be
senousiy timited by the sound from
sections of highway bayond the
barrier's ends, which are unshielded
from the recsiver, 4% shown in Figure
4, Similarly, when there are large gaps
i1 the bartiar{tty permit acoess, for
example), sound from the unshislded
section of highway adjacent to the
gap cangreatly compromise barrier
attenuation, éapecially for those
recelvers closs to the opening.

Figure 2
Barster Ditfraction

T

it
Giffersnce s =A+ B-d
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Barrier Tranamission

tn addition to'the sound that travels -
over the top of the barrier to reach the
receiver, sound can travel through the
barrigr itself. The amoont of sound
“ransmission” throughythe barrier
depends ypon factors relating 1o the
barrier material (such as its welight
ard stilfness), theanglaof %nct&nea
of the sound, énd the frequency
spactrum of the sednd. Ons way of
rating a material's ability to transmis
noise s by the use nf 2 quantity
known as the transmission Icss, T
The TLis relatet fo the ratio of the
incldent nolse onergy 1o the
transmitted noise energy.
Transmission iossvalues are
riormally expressed in decibels and
represent the amount nolsé levels wiil
be-reduced when 'bé-the :?‘umiwavas aves:
passthroughthe material, The Moher
the TLvaluathe loss noise ¢
transitied through the material,
Typically, the Tt value improves with
increasing surface weightof the'
materlal, o
_The nolse reduction provided by a
barrier can be seversly compromised
i the TL valueof the material permils
too-much noise to passthrough the
barrer. This is dueta the Tact that

when attenuation s a function of two

ormore factors, the noise level at the
measurernent point is actually the
combination of the reduted noise
tevels resulting from sach attenuation
factor, For example; witha typical
harrier the nolse levels are reduced by
{1y sound waves being diffracted over

- the Barrler and (2) sound waves:

passing through the barrier, The noise

levelat thereceiverpointisthe
zombination of the attenuated levels
resulting from each attenuation step,
i1ha starting noisg level Is 85db and
therndise level is reduced 10 dbwhen
the sound waves pass through the
barrier then the attenuated level
redching the recelver is 85db, i the
attenuation provided by the sound
waves being diffracted over the
barrier I3 also 10 db then the
attenuated levsl reaching the recelver
along that path is 55.dh as well, Using
1he table inthe Nolse Assessmient
Guidelines i¢ combing the two
individus] atteruated ievels, one finds
that the combined attenuated level is
actually 58 db. Thus even though the
attenuation value of sach atienuation
step was 10.db, the actual reduction
for the receiver is onfy 7 db. it Is,
however, a function of the way nicise
levals combine that if the difference
between levels is greater than 30db i
does not affect the loveis. Asa
genaral ruls, therefore, if the TL value

15 4t least 10 dB above the attenuation
value resuiting from diffraction dver
the top of the barrier, the barrier noise
seduction will not be signiffieantly
atiected by transmission through the
barrler (dacreased by less than 0.5
dB). For many common materials
used In barrier construction, such as
concrete and masonty blogks, TL
values are usually morathan
adequate. For legs massive materfals
such as steel, gluminum and wood, TL
valisogmay notbe adequate,
particulariy for those cases where
large-atténuations are required. (See
Table 1 fora list of typical Tl values)

Evs;;’it-; barrier m&tai‘gz‘fg massive
encugh 1o prevent sigiificant sound
transmission, the barrier holse
gpeningsin the barrier. Forlarge
apenings; sound energy incident on
the barrier will be directly transmiltied
through the opening to the recaiver.
When the opening is small an
striking the barriarwall thesoung
pressure will increase; resulting Inan
amplification of the tranamitted
sound to-the receiver. Thus, the
presence of openings or holes may
seriously degrade the nolsé redustion
provided by ofterwise sffective:
barrlers.

Barrier Reflections

As shown in Figure 1, sqund encrgy
can be reflected by a barrier wall. For
the configuration shown inthat
ﬂgum, 1hs reflected ensrgy does not
atfact the receiver, but may attect
receivers located to the lettof the
highway. However the Increase in
noise level for these recalvers would
be less than 348, bacause this single
reflection can at most double the

‘sound energy, (Remember how you

combine nolse leveis? The most you

add Is 3 db when levels are the same)
The situation is entirsly different,.

however, when a double barrer

 situationis involved (tsfer to Figure 5),

In addition 1o the enargy that reachios
the receiver by diffraction over the top
of the barrier, If the barrior walls are
reflactive, additional sound anergy

cari reach the racelver by areflection

from the left wall as iustrated in the
figure. The sama principles apply:
when there is a vertical retaining wall
opposite anoise barder; simitady, Ina

-deep verticat cut the opposite walls

will- create mulliple reflections.

{f the barrier walle are not perfectly
reflecting but absorb some ofthe
sound anergy, the contributon of sach
reflection is decreased by an amount
that depends upon the sbeorptive
characteristics of the barrier. For very
hard, reflective surfaces, the
sbsorption characteristics are very
poor. Although-a serlous degradation
in barrter performance may resutt for
the double harder situation, useof
materials with good absorption valuss
will usually recover all of the fost
rotse reduction,

W |
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1t should be mentioped that the use
of barrier walls with sloped sides
{forming angles of grater than 1018
tegreas from the verticalywill also
generally eliminate maltiple
refisctions, Use of earth berms is
particularly appropriate to actomplish
this, Sicpad barrier walls witl require
more material toachieve a degired
helght than a vertical wall, while
berms wili reguire greater right-of-way
Thar a thin wall,

Ground Effects

Conglder again the direct path of
sound from the seurce to recelver as
ifustrated In Figure 11n the absence
of anyobstatles, For sources and
recelvers located close to the ground,
in addition io thid direct path sound
energy may reachthe recalver by
reflecting off the giound. When ihs
terrainis relatively hard and flat, such
a reflaction will add to the nolse from
the direct path to Incréase tha level at
thereceiver. However, whenthe
ground Is soft, there may beaphase
reversal upon reflection such that tha
nolsefrom the ground reflection path
will destructively interfere-with the
noisefromthe direct pathresulling in
a significant reduction Innolse levels
at therecelver,

This reduction in lovel, known 28
groundetfectatienuation,isin
excess of the 3dB per doubling of
distance propagation joss foraine
source of noise and oocurs only above
soft absorptive ground {such as
normal sarth ard most ground with
yegetation). Over hard ground{suchas
conorete, stone and very hardpacked
earth) these effects do notoceur,
Those affocts are most apharend for
receivers on the-ground floor, and
decrease rapidly as receiver haight
above ground increases.

While ground absorption affects
are not completely understood, it is
generally belleved that thess effects
acoount for the 4.5 4B per doubling of
distance propagation joss chserved
over soft ground, 45 compared tothe
3dB propagation foss observed dver
hard- grovund. The implication with
regard to barrier design is that
placement of a barrier over soft
ground betwesn source and receiver
wil redirect the sound over the top of
the barrier, thus destroying the
ground reflection and the additional
1.54dB per doubiing of distance
attenuation, Thus, the barrier must be
desinned 1o provide mors redustion
than would otherwise bo necossary,
o compensate for the lost-ground
efiects over absorptive ground.

Summary
(Fromy Design Guide, Nationa! Bureau
of Btandards™)

In summary, tha following can be said
about noise barriers.

* [fabarrier dous not biock the line-
otaight belween the souree and
receiver, the barrier will provida little
or no attenuation.

* i abarrier is constructed ofa
raterial with 3 surlace weight density
greater than 4 [t¥fi® and there are no
openings through the barrier,
transmitiad sourd wiil ysually be
negligible.

+ If thera are opanings totaling over
10 percent or more of the biarrier ares,
barrier attanuation will be negligible.
» Diffracted sound is usualiy the
most imporiant aspect in estimating
barrier attenuation,

* Refiected sound can be importart
tor recelvers on the aource side of a
barrier, but it mrmallr is not a factor
for receivers on the side.opposite
trom the source. Hence reflected
sound is usually not important to your
buitding and site.

« Transmission of sound around the
ends of the barrier can be critical if
the barrier included angle is jess than
170°,

* Barrierattenuations greater than an
A-welghted sound {evel difference of
10-dB are difficuit o obtain.

» For two or more barriers “in
seiies,” consider only the “dominant”
barrier.

» Assume no attenuation fora
receiver iocated beyond theend of 2
barrier,

Reviewing Barriar Proposals

An effective barrer is ona which
redugces the noise level behind the
barrier {665 Ly or lower. 1 a barrier
can reduce the exterior nolse levet {o
65 Ly, then standard construction
techiniques shoult be sufticient to
ingure aninterior level of 45 Ly, or
below, Therafore, if you determine
that a proposed barrier is adequate to
rexduce the exterior noise level 1085
Lag then nio additional attenuation
rmeasures should be necessary.

'Dasign Guide for Redusing
Transportition Noiseinand Around
Buiidings, US Department of Commerce,
Nattonal Bureau of Slandards, &gt 1978,
{Bulldirgg Science Serias 84)
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There ara four things to check when
determining the adequacy of a
proposed barrier:

1. Isithigh encugh?

2. is it fong enough?

3. 18 it made of the righl meaterials?
4. is il properly constructed?

is It High Enough?

inorder for a barrier lo be effective it
musi be &t leagt high encugh 1o break
tha line of sight betwesn the solircs
and the raceiver. Inthe Noise
Asgsessment Guidealines you will fingd
the procedure for determining how
muich attenuation is provided by a
barrier 61 a given height.

In general, barriers-and bems are
most effective for one and two story
buiidings:because a relatively fow
barrier can often provide the
attenuation needed. The béight that
might be reguired 16 provide
attenuation for much taller buildings

s often not feasible for either cost

or assthetic reasons, However, even
If a barrier ¢an not be made high

-anough to attenuate the upper fioors

of & muitistory bullding, it may still
be able to provide some protection
for putdoor recreational areas,
Before discarding he barrier idea

“chack for this possibiiity.

# you tind that the barrier as
proposed i%1oo thort to be effective
but the sponsor or developer talis
you that he or sha can not make the
barrier any higher, there are some
altematives you can suggest. There
are ways lo get more-altenuation cut
of gach foot of overall height.

Az a general ruls, barrlers work
better the closer they are 1o the
source. Figure 8 shows a barrer that
doas not block the line of sight at ali
when it'is localad next 1o the
regeiver, yet Is quite tall enouph
when located noxt to the source.
Thus, it the sponsoror developer
can not make the barrier any taller,
pertiaps he or she can move it closer
10 the source.

Ancther way 1o gat more
attenuation without increasing
overall barrier height is to bend the
top of the barrer towards the'
source. Figure 7 shows a case where
& barrier built perfectly straight
provides 8 dB of aftenuation. A
barrier with the same overall height
but with a 45 degres bend towards
the source provides 9.5 dB of
attenuation. thus if the project
Sponser or developer wanis to keep
the overall height of the barrier
down, he or she can still increase
the attenuation provided sienply by
bending the top.
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Thus, if your review of 2 o
barrier shnws i 1o be ton sfgtm Bt
it can not be made any highes,
suggest that the barrier be moved
closerto the source or that it be
bent at the fop, or both,

isRLongEnmsgh?

Once you have established how
much atenaation the barrler
provides due to its neight, you must
determine if the length of the barriar
compramises that attenuation level,
Again, the Noise Assessment
Gurdelines contaln a procedurs for
calculating the affect of bafrer
langth.

1f you find that the barrier Is foo
short bit that there are limitations
onhow.long 1t can‘be made; there

-arg,-as ihare were with barrier

heights,; some recommendations you

“carake on how to improve the
-affettivenass of the harrer,

Agaify, i you bend the sdges of
the barrier, this Hime towards the
receiver-not the soures, you will
ingreage the. effactiveness of the
barrier, Figire 8 shows how much a
barrer's efféctiveness can be
mproved by bending the adges.

You can glso Improve the
effectiveness of tha barrier by
moving it closer 16 the receiver.
Figore & shows how much a barrier's
eﬂectivenesa can bé increased by
mioving it closer to the recelver. Now
obviously, this creates a contlict
with what we saig earlier aboot
moving the baitier closer 1 the
sourca, Clearly sach case will
requirg a.different compromise. i
height i not a Hmiting factor but
jength 1s, you might recommend o
the project sponsor O developer that
the barrier be moved closer to
recelver and he helght increased ag
necessary, I the reverse 15 true, you
would want 4o recorhmend the
opposite. It both halght and length
are limited, then ihe sponsor or
geveluper must find that optimum
point where the effeciveness of both
the barrier height and the barrier
fengih is as high as possible.
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Is it Made of Tha Right Materials?

Even i & barrier is high enough and
fong enough, its sftectiveness can
be severely redused if it Is made up
of Hightweight materials that eastly
transmit scund waves. In the
praceding seciion on barder
contepls wa tatked about how it the
transmission 1oss value for the
barrdar material was not At least 10
db higher than the altenuation value
of the barrier based on length and
height there would be & significant
reduction in the effectivenass of the
barrier.

Therafore, ohes your have
calculated the basio attenyation
potential of the barrier, you must
check ta make sure the proper
material is belng ysed to buikd the
barrier, Tabie 1 lists the
transmission 1083 values for
materials sormmonly used in barrier
canstrustion. Oncs you have found
the transmission loss valus for the
materiat being used, go to Table 2.
Read down the column with the
transmiasion joss for the materda at
its top-and across the line that has
the attenuation potential for the
barrier listed. Where the two
intersec! you will find the aclual
attenuvation capability of the barrier,

if you find that the chaice of
material has severely reduced the
effectivensss of the barriar, you

-gshoutd recormmend that the sponsor

or daveloper select ancther material,
Is it Properly Congtructed?

Holes or openings can substantially
reduce the effectiveness of a barrier.
Ahbarrier that has openings totaling
B0%: or more of its total area will

-provide no-atieraation, A barrier that

has openings totaling 10% of its tolal
arex has a maximum attenuation
value of spproximately 4db. That is
4db no matter how high, how long of
how thick the barrier. Bo you can $ee
that It is vary important that the
parrier i3 made of solid materials and
that it is tightly constructed. In
general the intended openings ina
barrier should equal ngmora than 1%
of total area and the constrction

specifications should require that alt
folnts are tightly sealed.
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AFinal Note

One thing shoutd have becoma clear
o you as you have been reading this
sBclion, and thatis that-n ordar for
you toadequately review g project
Sponsor or developer's proposed
barrier you must be given faidy
specific information about the exact
dimensions of the proposed barrder,
tha type and thickness of the harder
material, and the exact design of the
barriar including construction
specifications. Without this
information you will be unable to do
any more than a cursory evaluation,

an evaluation that could be far from
accurate. Make sure you make i clear
to the developer or sponsor what you
need tohave,
Atterusation
Barer 8 ™ Value: 7.5db
Receiver
Tabje 1 _
Trangmission Loss Valun for Common
Sarder Matorials
Thickness, Transmission
Material {Inches} Loes, dBA ()
Woods Concrets, Lamina K1) 21-23
Magoney, eto. g?a;?cwmd
Fir ;"2 g Light taminaon 34 21-28
b 28 Lohoele 4 k] Particle
Pine 12 18 ' 8 3 Board
1 19 Dense .
2 23 Concrate 4 40 _
Rediwood i 1 Concrate Mizcstianeons
1 19 Hlock g g
2 ) Gi
Cadar 312 15 Cinder Block 6 2 G;Zi, 18 20
1 1 @ {Hollow Cotel W 2%
Brick 4 33
2 2 Granite 4 e g@“ﬂ‘m A 235
[ hatterpraot) X
oo U 3 Masonite 10 )
Particle _ Fiberglazs/
Board L% 20 Composites Resin 18 20
Stucco on
Aluninum g!am iath % a2
Metals ;‘a::gm k1 2123 ith 3 2030
o _ Aluninum Aggregate
Mumioum 116 2 Faced 3 7% Surface
4 21 Particle
Htaol 24 5a 8 Board
Wga 2 Plastio Tnweighted TL. based on gonersiized tnack
b2 13 spactrum, Souos: Nolsa Barrer Design
Lead e 28 Hendbook, FHWA
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Table 2

Rolse Reduction of a Bander ¢ a
Function of Ha Transmission Loss
Designed Tramission Loss, dB of Matedals
Altenuation, d8 _
{from height 0 1% 2 25 30
an jsngth)
8 38 48 43 50 50
;] 45 55 3 8.0 B0
T 52 BA 53 88 74
B 53 72 7r 78 80
] 85 80 87 Bg 20
19 10 &8 88 95 B0
1 15 85 105 108 Ho
12 78 102 1.4 437 118
1B 82 0o 122 2.7 129
14 85 18 130 ar 138
15 83 129 138 45 148
16 a0 125 145 155 188
7w 92 123 152 ii-% %s
18 a4 132 155 112 177
19 95 135 165 180 wnr
b, 28 138 244 1448 196

Bource: Noise Bamier Design Hendbook, FHWA



Acoustical Site Planning
Concepls

{This section, with some editing, Is
from The Audible Landecaps, FHWAY)

The arrangemant of buildings ona
sitecan ba used to minimize nolse
impacts. i indompatible land uses
already axist, or#f a nolse sensitive
activity is plahned, acoustical site
planining often provides asuccessiul
fechriqus for noise Impagt reduction.

Many site planning techniques canbe
employed to'shiglg a residential
developrmant from noise. These can
include: ‘

1. increasing the distance befween
the nolse source and the receiver;
Z.“placing noise compatible land
uses such as parking fots, -
maintenance taciliies, and ulility
areas between tha sourge and the

Figura 10 _
1izs ol 8 Parking Garaoe io

receivers, Playgrounds and parks are
not necessarily nolse compatible
activities.

3. locating barierdype bulldings
paraile to the nolse source orthe
nighway;and

4, grienting the residenceas away from
tha noise.

The irmplamentation of many ot the
above site planning techniques can.
bacombined through theuse of
cluster and planned unit devaiopment
techniques.

Distance

Moise can be effectively raduced by
ingreasing the distance betweena
residential bullding and a highway.
Distance itself reduces sound:
daubling the distance from anolse
sourte can reducs ifs intenisity by as
much as SUBA. Inthe case of highrisa
buildings, distance may be the'only:

means, besides acoustical design and
construction, of reducing noiss
impacts. This is because it is nearly
impossible to praovide physical
shislding for the higher stories from
atjacent noiss; '

Noise Compatible Land Uses as.
Bufters :

Noise protection can beachieved by
iveating nolse-compatible land usos
betwsen the highway and residential
Onits. Whenaver possible, compatible
uses should be nearestthe noise
sourge. Figure 10 shows a proposed
parking garage along two sidesof a
developmant in Boston, Boththe

The Audible Landscane: A Manuaf for
Highway Nolgeend Lo Uise U5
Dapartment of Transportation, The Federal
Highway Administration, Novernber 1974,
(GPOStock Mumber, S00G-00078 )




Fitzgerald Exprasaway and tha
entrance to the Callahan Tunnal
which are showr on the site plan are
major and noisy traffic routes. In
addition to-protecting the residential
development from the noise srd dint
of highway traffic, the parking garage
provides needed facilitiss forthe
residents.

Bulldings as Noisa Shields

Additional nolse protection can be
achievaed by armanging the site plan to
use bulldings as noise barrers. A fong
bullding, or arow of bulidings paraliel
1o a highway can shield othermore
distance structures or 6pan aréss
from noise.

1t the building being used as a
barrigr is sensitive to' highway noise,
the buiiding itssif must first be
soundproofed. This techniquewas
used in & housing project in England
where a 3,200 foot iong, 18 loot wide
and 45-70 foot high wall {depending
on the terain) serves as both
residence and a sound shisid. The
wallibuilding will cordain 387
aparfments i which the kitchens and
bathrooms are placed towards the
nolse, and the bedrooms and living
rooms face away from thehighway.
The wall facing the highway will be
sourdprooted and windows, when
they exist, are sealed. Substantial
noise reductions are expected.

Crianiation

The orentation of bulldings or
aclivities ona siteaffects the impact
of noise, and the budiding or activily
area gy be griented in such away as
t0 reduce this Impact.

Noise impacts can be severe for
reems lacing the roadway since thay
areclosestto thenoise source. The
noige impact may also be great for
roonss perpetdicular to the roadway

1
Tonventional Grid Subdivision
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bacause (8} the noise pattern can be
rrorgannoying in perpendicular
rooms and () windows on
perpendicular walls do not reduce
noiseas sffectively as those on
paradisl walls because of theangle of
{he sound, Road nolse can be more
annoying In perpendicular rooms
becduse lf is more extrome when it
suddenty comes in and out of earshol
as the traftic passes around the side
of the bullding, rather than rising an
falling in 8 continuous sound, as it
would i the rootn wate parallel to
passing vebicles, _
Whether the noise impact is greater
o 1he perpendicular orthe parallel
wal] wilt depend on the specific
individual conditions. Once the most
severely Impacted wall orwalls arg
determined, nolse impacts may be
minlfized by reducing or aliminating
windows from these walls.
Buildings can also be orientedona
gita in such a way a5 to exploll the
site's natural features, With referenca
to noise, natucal fopegraphy canbe
exploited and buildings placed In low
noise pockets it theyexist. #no
natoral nolse pockets exist, iis
possibie to oreate them by axcavating
pockets for buildings and pliting up
earth mounds batween themand the

 noise. Such astructure would

obsiruct the sound paths and reduce
the noize Impacts on the residences,

Figura 12
Placement of Noize Compatibie Uises Nears
Higtousy in a PUD

Cluster and Plarned Unit

A cluster subdivision is one in which
the densities prescribed by the zoning
ordinance are adhered to but instead
of applying to each individual parcet,
they are aggregated over theentire
site, and the land Is develoned as a
singie entily. A planned unit
devalopment, or P.U.D., I8 sienliar but
changes in fand useare included,
such as apartments and commercial
faciiities inwhat would otherwisa bea
singie-farmily district,

From Figure 11 1 can be seén how
the conventionsl grid subdivision
aftords no nolse protection fromthe
adjacant highway. The first row of
houses bears the full impact ot the
noise. incontrast, the clusterand
P, technigues onable open space
and commercial Uses respectively to
serva ag nolse butfers. Examples of
this are shown in Figures 12 and 13. A
wordof caution is necossary:ina
cluster development, the required
open space can be-located nearthe
highway to minimize noise to the
residences. However, many recreation
uses ars nolse sensltive; and when
oneiakes advantage of the Hexibility
ol cluster developmient to minimize
noige, carg must be{aken not to use
all ot the gvallable cpen space in




butfer strips, thua depriving the
development of a significant open
space area, Whiere highnolse levels
exist, a combination of butter strips
and other technigques {such as berms
and acoystical sound proofing) can be
employed,

he flaxdbility of the gluster and
planned unit development techniques
alioves many of the aboya site
planning technlques to be realized
and effoctive noise reduction
achieved,

Reviewing Site Plans

Thars ars iwo maln things to check
when raviawing site plan changes to
detarmingif the revised aite plan
provides adequate atlenuation for the.
noige senajtive uses:

1. ls the separation botween the:
source and the recelvar great enough?
2. It noise:compatible bulldings are
being used as barriers torother -
buitdings, ara they adequate barriers,
i.e..are they long enough and are they
high encugh? (And, if the bulldings

Oon Spacs Placed Near s Highway n

belng used as barriers contain noise
sensitive activities, have the buildings
been property soundproofed.)

la-order to determine whethor the
proposed siteplanchanges will.
provide adequate separation between
the source and the regelver, you
simply 00 back tothe Nolse
Assessment Guldiines provedures,
You car use the Guidelines bothi 1o
determine if the proposed separation
distance is sufticient or 1o determine
the negessary separation distancs,
You should.at this point check to
‘make gure that the uses being located
in the “butferzone” batween the

‘spurce and the ransiverars indeed

noise compatible uses. if parks or
plavgrounas ars locatad in the bidter
one, make sure they are notithe only
ones associated with the project.

To determine whether the nolse
compatibie bulidings being proposed
as barriers are adequale, you simply
yse the'procedures cutlinedin the
preceding section. Determineg whether
the bullding is high enough to
properly break the lina of sight

OO F
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OOy
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betweon the receiver and the source,
Then determine if the buliding is fong
enough. # 1s not necesaary 1o check
to make sure it is made of the proper
materials or that itis property
constructed since the bullding will be
irherently thick enough not to have
any problems. Agaln, however, if the
bullding being proposed as a barrler
contains noise sensitive uses you
must first verify that it is properdy
soundproofed. {See the next saction
for guidance ¢n acoustical
construction.) If thebutiding Is net
properly sountdprooted then it oan niot
Ba used.as a barrier for other
buildings. ,

As you review the site plan check to
sea that the buliding locations will not
aggravate nolse problems. Figure 14
shows how buliding srrangement can
make the noige problem worsa,
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Acoustical Construction
Concepls

{This section, with some editingis
taken from the Audible Landscaps,
FHWA.)

Noise can be indercepted as it
passes through the wills, floors,
windows, ceilings, and'doars ofa
building. Examples of noise reducing
materials and construction
techniques are described inthe pages
that follow,

Tocompare the insulation
performance of alternative
constructions, the Sound
Transmission Class (S1C) s usedasa
measure of a materiad's abifity to
reduse sound. Sound Transmigsion
Ciass is equal tothe number of
detibets a sound is reduced asit
passesthrough amaterial, Thus, &
high 870 rating Indicates a goud
insulating material. it takes intc
aGtount the influence of differant
frequencies on sound transmission,
bust-egsentislly the 8TC (s the
ditference between the sound levels
onihe side of the partition wheee the
nolse originates and the side where it
Isréceived. Forexampie, ifthe
external noise lovel is 85 dBand the
desired internal level i 45dB, 2
partition of 40 STC 15 requiréd, The
Sound Transmission Class rating is
the-offtcial rating endorsed by the
American Sodiety of Testing and
Measurement, ltcanbe used s 2
guidan éeimming what tvpe of
construction is nesded o reduce
noise.

Theuse of the STC rating system
for transportation noise is:a subject
of some debate. The BTG rating was
originally intended primarily foruse
with interior partitions and relates to
the “subjectiveimprossiorns of the -
sound insuiation providel against the
sounds of speech, radio; television,
musie, and similar sourses of nolse in
ofﬁcas and dwiellings. ™ However,
sinca it remalns the anly widsly used
noise reduction rating system for
materials the STC systemis very
often used even with transportation
nolse. When STC ratings are used for
transportation noise you should be
aware that the STC ratings may be a
few dB1oa high. For exampie, the STC
rating for a standasd frame 2 x 4 wall
with exteriorsiding, and sheathing
and interior sheetrock may be 37 dB2

I rated specitically for transpontation
noisa the dB reduction rating might
drop to 84 dBA Allthis really means,
however, is that vou should usethe
8TC. raﬂngs with a bit of caution and
remain aware of the possible 2-3 4B
overstating that you may get with the
$TC rating system. Throughout this
text we will be taiking in terms of STC
ratings for mateHals and bssemblies.

The Auditie mex Manuva for
Highwiay Noisa ard Land Use, IS
Deymm oﬁmpoﬁaibn. the Federal

Flgura 15 ®
Landscape

Fators whidh influence souixd alleniition of

Walls

Walis provide bullding ocoupants with
the moat protection from exterior
notse, Different wall materials and
designs vary greatly in their sound
insutating properties. Figure 16
provides avisual ‘summary of some
ways In which the acoustical
properties can be improved:

incroase the mass and stiffness of
the wall. in general, the densar the
wall- material, themore it will reduce:
noige. Thus, concrete walls are better
insulators than wood walls of equal
thickiess, incraasing the thickness of
awall is anotherway to increase
mass and improvesound insulation.
‘Deubling the thickness of a partition
oan Tesull inasmuchas a B dB.
réduction in sound.” However, the
¢osts of construction tend to fimi the
feasibility of farge increases in wall
mass.

The relative stiffness of the wall
material can influence its sound
attenuation value, Care must be taken
toavold wall constructions that can
vibrata ataudible frequencies and
fransmit exterior sounds.

R K Cockeand B, chmwsld.

Lower scund attenigtion

Higher sourd aiteriuaton

Ugeof alr space

Increased width of alrspace

I mj Wide spacing belwoan stids

Uy 8

Stoggered studs

T

Use of resilien attachments
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Usge cavity partitions. A cayity wall
{s composed of fwo or more layers
separated by analrspace. The
alrspace makes the cavity walt amore
sifective sound insulatorthana
singiewall of equal weight, leading to
cost savings,

increase the width of the sirspaca.
Athrea inch airspace provides
gigniticant noise reduction, but
increasing the spacing to sixinches
can reduce noise levels by an
additional 5 dBA. Extromely wide
girspaces are difficult 1o design,

increase the spacing bitwesn
studs. in a singla stud wall, 24 inch

Use reslliont materials to hold the
stusls and pansis together, Nalls
severaly rédute the wail's abliity fo
redies nolse. Resllient layers such si
fiber board and glass fiber board,
resilient clips, and. semi-resilient
attachments are relatively
inexpansive, simple to insert, and can
raige the 810 rating by 2-54B.!

Use dissimilar layers. If the layers
dre rnade of ditferent materials andior
thickness, the sounid reduction
qualities of the wall ars improved 2

Add scoustical blardols, Also
known as Isolation blankels, thess
canincreage sound a&tematim when

Flgure 16 shows a sample of wall
types ranging from thelowsst to the
highest sound ingulation valyes.

Remember that the offectivenass of
best wall constructionwiidl be
substantially reduced tryou permit
vents, mail slots or similar openings
in the walls. i venis ara parmitted ihe
ducts must be specially designed and
‘nsulated {0 make sure nolse does not
rageh the inside. The test approachis
simply to eliminate ail such openings
on impasted walls.

stud spacing gives a 2-5dBincrease placed in thealrspace. Made from
n8TS cwer the common 16 inch 'sound absorbing materials suchas Yibld, p. 12
Mﬂ nghw fads. Sound gﬁmw b;swi,fibergm haly %m,g 163
$BS 8 U or thesecan
transrission can be reduced by atteniate nolse as much as 10 dB.S ﬁmﬁgwm
‘attachingeachstudtoonlyonepanel  They are mainly sfisctive Infelatively ienieage, 1072, p.86
and ﬁtmatlng between the twe hightweight gonstruction.
pansls, Seal cracks and edges. If the sound
insulation of a high periormance wa
13 ever tobe realized, the wall must be
well sealad at the perimater. Small
ey oo isuration vartaof avial Aoa
7 i the insu value of awall, A one-
Mﬁﬁ: kﬁwm Company, % inch: squars hole ora 1/16inch crack
W03, op. 232.233 18 inches long will reduce a 50 STC
wallio 404
Figurs 15
Walls
[ e=re=r e x
Common Stud Wall o7 | ?%’Q P&. s X O rconcrete Wall
T = ‘A A ’ﬁ? e ¥ AHWARY
§TC=35 e Qriﬁ- Qi8] ses

Staggecsd Stud Wall
STC=%

4" Brick Wall

I 1 Staggered Stod Wall

with Abssaibent Blanka!

l 1 §T0=43

9 Brick Wall
STC =42

12¢ Brigk Wall
ST =54
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Sound anters a buliding thraugh its
atoustically weakest points, and
windows sre one of the weakest parts
of & wal, An.apen or weak window wiil
severaly negate the effect of a very
strong wall, Whenever windows are
going to bea part of the biillding
design, they should be given’
acoustical conaideration, Figure 17
illustrates the affects of windowz on
the sound transmission of walls. For
example, if awatl with an STC rating
of 45 containg a window with an STC
rating of 26 covering 30% of its area,
the overall 5TC of the compoisita
gémt tonwill be 35, araduction of 10

The followltg is a discussion ol
iectiniques that can be usedid reduce
noise ina bullding by means of it
wirdows. These techniques range
from a biocking of the principal paths.
of nbise entry 1o.a blocking of the
most indirect paths,
Close windows. Thafirst stepin
reducing unwanted sound is to close
and seal the windows. The greatest
amount of sound insulstion can be
achieved If windows are permanently
sealed. Howsver, openable atoustical
windows have been devetoped which
are fairly ettectivein reducing sound.!
Whether or not the sealing s
permanent, keeping windows closed
necessitates the Instatiation of
machanical ventilation systems. If
you are dealing with single family
houses and some of the windows are
facing away fromall nbise Solrces, a
whole house fanmay be betterand

cheapsr than air conditioning. in
multifamily housing or where all
windows are exposed totha noise
sources youwill have to go with the
air conditioning. If windows must be
openable, special seals are avallable
which aliow windows to be openad.?
Reduce window slze. The smaller the
windows, the groatér the
transmission loss of the lotal
partition of which the windowis &
part. Reducing the window sizels a
technique that |5 used because (8) it
preciudes the cost of expensive
asoustical windows, and (b} it saves
roney by-cutting down the usaof
glass. The problems with this
techinique are s} it s not very effective
in reduging nolas; e.g., reduging tha.
proportion of window to wall size from
E0% to 20% reduces nojae by only 3
decibely: and () many bullding codes
requlre a minimum window torwall
size ralio.

Finwe 17
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1Y g :. »
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§E Low f,df
s W &
g 1 éf
™ 10% f
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Dacibels to ba subltracted from STC of wall to
ohtain eifeciive 3TC of composiie barder
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increase glass thickness, it ordinary
windows are insutficient In reducing
nolsa impacts in spite of sealing.
techniques, then thickerglass can be

‘instalied. In'addition, this glass.can

b laminated with a tough %raasmnt
plastic which is hoth noise and

shatter resistant. Glass wdwes rolge
by themass principle; thatis, the
{hicker the glags, the more noise
resistantit wﬂi be. A t2dnch thick
glass has a maximum STCrating of
35dB corpared to a 25 dB rating for
ordinary 316 Inch glaas.

1,8; Department of Housing and Urbin
Development, A Study of Techniquas 1o
incraani the Sound insuistion of Buliding
Elemenrts, Repoit No. WR 73-5, Washington,
DO, June 1973, oAb

1. Babtract the STC value of the daor,
wirfwaopaﬁmfmmibaﬁ'fcmdme
veal

2. Entec e vertical axis of the graph at tha
pointthat mafchea the value from step 1.

4. Peadacross to the curve that represents
the parcentape of the total area of the wal
that Is takan up by the door, window, o

TPENIng.

4, Raad down (o thehorizordal axis.

8, Subtract the vaiue onihe horonial axis
frove the wriginal ST valueof the wall. The
rasult 5 the compasite ST value of the wall
s the door, window-or opening.



However, glass thicknesses are only
pmtiaai up to a certain point, when
§T0 Increases become too
inslgnificant 1o justify the cost. For

_example, a 172 Inchr thick glass can
have an STC of 35; increasing the
thicknessto 314 inch only ralsas the
STC to 37, However, a double glass
acoustical window msisﬁng of two
3A6inch thick panes separated by an
airspace will have an 8TC of 51and
can ¢ost leas than elther solid
window. _

In addition to thickriess, proper
sealing I8 cruclaf 16 the suceess of
the window. To prevent sound lesks,
single windows can be mounted jn
restient material such as rubber,
cork, o fell. .
instalt Double-Glazed Windoves.
Doubleglazed windows are paired
panos soparated by an airspace or
poramancee! t doviodiazen

neeof the eglazad
window may be Incressed with;
+ increased alrspace widih
. mcmseﬁ plags thickness

use of sealings
. slightly digsimitar thicknesses of
the panes
+ slighily nion-paraliel panes

Ingeneral thealrspace between the
panes should not beless than 2-4
inches It an 8TC above 40 is desired.
#1his Is not possible, a heavy single-
glazed window can be used. The use
of slightly non-paralle! panes isa
technique employed when axtremsly
high sound Insulation is required,
sucﬁas ingontrol robms of televiston

}heﬂ#ckness of double-glazed
panes may vary from 4810 1 inch or
mote per panse. Although thickness is
important, the factors.which most
deterrvine the noise resistance of the
window is the use of sealant and the
width of the airspace,

Asinthe case of all windows;
proper sealing Is axtremely important,
Toachieve an STC above 43, double-
glazedwindows should ba aea#e:}
permanently: If the windows must be
openable, there aré avallable special
frames and sealers for apanable
windows which aliow g maximum
BTG of 43

Permanently sealed double-glazed

. windows ofien require an air pressure
control system to maintain a constant
gir pressure and mindmal molstwre in
the-airspace. Without this system, the
panes may deflect, and, inextremely
savere cases, pop out of the frames.

g,

To turther ingure Isolation of nolse
between doyl fazed panes, the
panes could be of ditferent
thicknesses; diffecont welghts, and
glightly non-paraliet toeach other.
This prevents acoustical coupling and
resonancaof sound waves,

Poors:
Acousticaily, toors are even weaker
than windows, and mofs difficuti 1o
treat. Any door will reduce the
inaylation vaiue of the surrounding
wall, The common, hollow core wood
door has an STC rating of 17 48,
Taking up about 20% of the wall, this
door will reduce a 48 STC wall :om
STC, To strengthena door against
nolgs, the holiow ¢ore door cari be
replaced by aheavier solid core wood
door that is weif sealedtandls
relatively inexpensive, A solid core
wood door with viny! seal around the
edgds and carpeting on the floor will
reduce the same 48 STC wall to
23dB2 An Incréased sound insulat
valugcan beachioved if gasketed
stops or drop bar threshold closers.
ara installed at the bottom edge of the
dodr. {See Figure 18}
The almmative solution to doors is
to eliminate them whenever possible
from the severely impacted walls and
placa them th mofe shigided walls,

in any cade no mail slots or gimiiar
opanings should be allowedin =
exterior doors.

Flgrs 18

Roofs

Acoustical treatment of roofs (3 not
usyally nacessary unless the nolsals
exirernely severa or the nolse source
is passing over the bullding. The
owdfinary plaster ceiling should
provide adequate sound insulation
except in extremely Sovere oases, An
acoustically weak roof which is likely
i) {laqui:e ireatmecr;tl 15 the beamed
ceolling.® Beamed celiings may be
modified by the addition of a layer of
‘Hibergiass or soma other noise
registent material. Suspended
ceilings are the most effective noise
reducers but they ars alsothe most
expensive.

YDE. Bishap and PW. Hirtle, “Notes on the
Sound Transmission Loss of Resldentials
Type Windiows and Doors,” Joumal of the
Acoustical Soclety of America, 43.4 (1968

2.5, Gypsum, Sound Control... p. 100,

hid p. 15,




Floors
in the case of highway noise, floors
would only require acoustical
tragtment if the highway were passing
under the building, In this case,
flooring would have to provide
protedction againgt structural
yvibrations a& well as alrborna sound,
Twoways to Insulate a floor from
noiseare toinstall a solid concrate
siab at least B inches thick orinstall a
fioating floor, In general, the floating
Hoor gives the greatest anisunt of
sound and vibration insulation;
however, it s extremely expamive
Basic:all:{,a Hoating Hloor tonsists of
awood o concrete siab placed over
the structural siab, but separated by a
resilient material, The resilient
‘material isolates the surface slab
from the structural sish and the
sarrounding walls.

What to Look for When
Reviewing Plans

The numberof possible combiations
of {he bulidiivg materials that guino
walls, ceilings, windows angd doors, Is,
no doubt, considerably short of
infinite. 1t 1s however stifl avery large
number, large encugh that it would be
impassibia to compile a fistof afl the
possibie combinations, Therglore, do
notexpect 1o find in this section, or
anywhera glse for that matter, a neai
table showing the STC ratings for all
the types of constructionyou may
encounter, in tact, it is not really your
responsibility to determine the
precise 8TC ratings for the walls,
ceilings, windows anddoors in the
projects your review. Yout jobis
simply to review the attenuation
fevels cfalmed by t?\e

whether or not iheyafe reasonabile.

To.enabie you to perform the abtm
desoribed lask, we have pra 2
fist of the mast common types of
construction tor which we have STC
ratings. aymmgaﬂng the type.of
constraction proposed o oneof
these “model™ types you should be
ableto telt whether the clalmed STC.
rating is raasonable, For example, the
sponsorideveloper submits a
description of his bullding stating
that a 2 x 6 stud wall with standard
sheathing, insulation, wood siding,
and 12" gypsum! board achisvesa
BTC rating of 48, You 00k at Table 3
and find that the closest “model’ wall
88.2%4 stud wal with wood siding,
sheathing, insulation; and 12"
gypsum board. This wall haga 81TC
rating of 39. An 9 0B difference is
quite significant cmsidarima thatthe
walis are really quite similar. You
would probably want to goback to the
developetfsponsor and ask for some
supporting data that proves that the
2x6wallhe pmpoaas witkindeed
provide 48 4B of noise attenvation.

inordertomake it gasiertoreview
the attenuation levels provided by the
proposed construction, we suggest
that you ask the developger/sponsor to
complate aform such as shown in
Figure. 19. Such a forrriwill give you all
the information you need ina properly
organized format that will faciiitate
your revisw, You coutd il in the first
part and simpiy have the
developerisponsor fill out the second
part and return 1 with the developer
cartification or other projest
dosuments.
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As you will recalt from the previous.
section, most walls provide prefty
good attenuation by themselves. it is
1he prosence of windows anvd doors
and-openings such as vents that
reduces the attenualion capability of
the wall. Thus, after you have
détermined whether the basic wall
itself has a reasonable STC, you must
review the impact of the windows and
doors. You do this by using Figurg 17,
First you determine the difference
between the STC ratings for the wall
and the windows, You enter the
virtical axis of Figure 17 with that
number. You read across.until you
intersect the line that represents the

percentage of the walt taken up ty the-

windows, Thenyou read down {o the
horizontal axis where you wil find the.
value to be subtracted from the basic
STC value of the walk. The resulting

‘nurnber 1§ the combinad STC value for

tha watl. If the wall also contains a
door, repeat the same procedure, only

start out with the moditied STC rating

for the wall, # {he walf has docss only,
then obvigusly you stari-with the
baslcwall STC rating. Finally you
compare tha number you have derived
with that ligted by the
develo;:erlsponsor ¥ they are fairly
close, you need not pursye it furthar,

If there is.a substantial difference,
you should ask for an explanationor
documentation from the developer.

Onca again, we caution you abott
burderline cages. if the attenuation
required is 30 dB and the STC rating
for the proposed construction is
exacily 30 d8, you may want to ask
the develnper Yo provide even more
stianuation, Remember that we
discussest how the STC rating may
oyirstate the actual sttenuation
provided by as much as 3 dB. 1 an
additionat 3.dB.can be achisves at
miaimumcost, we would strongly
urgs that you saek it fromthe
developer/sponsor.

Finally ¢check to make sure the
developer has provided some form of
mechanical ventilation. if it's a sinple
family house and 2 whole house fan is
the means of ventilation being
provided make sure that there are
cperatile windows on walls which do
nct face the nofse scurcels) nor are
perpariicuiar (o the sourcels).
Ctherwise the residents witl have fo
apen windows on the' exposed wall,
thus cancelling out much ot the
attenuation achieved.



Table 3

£TC Retings for Typlest
Buliding Componeots!

o
Componart

Frarme Wall

Brick Veneer Wall

Masonty Wall

Windows

Exterier Doors

Description

a. S % 1 Redtwod! Siding
b. 12" insulstion Board Shaathing
©. 2x4 studs 18" 0.
4. Fl Bull?d&ig {ntation
s 126 Board aftached directly to studs

f. 78" Bleo
b. No. 15 felt Building Paper and 1™ Wire Mesh

" g, 24 Studs 16° o,

d F s Bullding insulation
e Jie” d attachad directly io studs

a. me
b. 172" Alrapace with metat Hes
& 34" Insidatinn Scesd Sheathing
¢zx43m 18" 5.6
o. Fibergiass Bullging insulation
§. 372" Gypsum Board aftached directly to studs

8. 1" Suctn
b. 8" thick Holtow Concrete Block
c. 172" Gypaum Board attachad to huring strips

Wood doibils hung, closed it uniacked,
single glading
Algrainan ﬁl&m. Iatehet, ﬁm-om

Waou&ubh huny, ciosed bt unlockesd,
glazesd wilh: 168" insuiating glass

Alominum single bung, closad, plazed with
16" insulating glass

W, double wing, asaled; glazed with

708" insdlating glass with single

glazed storm sash~-2 18" separation
Aluminum sliding, closed. single glarsd

with singie:giared storm Sash, 18" separation

Wood, Hush sclid core, with brass
weather siripping

Wood, frush-solid cona, plastic weather
stipping, slominum storm Hoor

Waod, French door, trass. weather
stripping

Stesl, fiush, with ursthane foam nore,
with maghetic weather: stzippmg

Shingls Rool with attic, 112" gypsum
:fal( b?ard cailing frirmet infoperdently
og

STC Rating
3 dB

&

festimated)

g B BR® B

B

43
{eatimated)

tExcant as noted, all 8TC ratings sre feo ACOisycal st Thiarmal Parformence of Exterior
Rasidential Walls, Doors snd Windows, Nations) Biresu of Stoandands.



Flgurs 19 .
[ ton of Nolase Attencation Messurss

Parti
Pinject Name

Location

Nolse Lovel {From NAG) Attenuation Required

Primary Noise Sourcals)

Part i

1. For Walts {8} facing and parallel 1o the nolse aourcels) lor closest to paraliel):
8. Desoriplon of wall construction™ "

b STCrating for wisl {rated for no windows or doorsy:

¢. Description of Windows:

4. BYC rating for window type

& Desoription of doors

f. STC rating tor Soors

g Porcentage of wall {(per wall, per dwaliing unit} composed of
wingdows and doors

. - Combined STC mting forwali component

2. Forwalls perparticylar to notss source(sh
a. Dascription of wall construction®

B, STOwating for wall (rated for no windows or doors)

¢ Doscriplion of windows

d. STC rating torwindows

& Dessription of doors




f. STC rating for docrs

g. Percentage of wall {per wall, per dwelling unil) composed of
wingows and doors

h. Gomnbined $TO rating for wall componant

3. Foofing componant {if oveshead attenuation s required due to slroralt noladr
a. Description of oot construction

L. SYC rating (rated as If o skylights or other openings)

©. Descripton of skylights or overhead windows

o -STC rating for skylights or ovirhead windows

& Puacontageof roof somposed of skylights or windows (per dwelling wuni)

{. Pescentageof ool composed of large uncapped ppenings such as chimneys ...

g. Combined STC raling for roof component

4. Description of type of mechanteal venditation provided .

Propared by

i wially contals verts or slmBar operdngs, altach a description of duct srimgement and insulstion ard
5 atatement of how much the wall STC 1. reduced by’ the presence of the v,

40



mm&;rm! Noise Attenuation Mesx
{Acousticat Construction] res

Part{
Project Natne T‘Am DISE I-Luas

Location YN Yrenat a1
SponssiiDeveioper JOAMN 120 Agsor, luo
NoisaLevel From NAG) 1.8 Attenuationfequired 30 b
?ﬁm:y-ﬂoise&omce{s_;_,_djﬁdﬂﬁy

Part i

1. ForWails {s}{acing and paraliet fo the ndige source(siy .‘,.w;
& Dascripton of walt construction® LB L@ %7

1. STC rating for doors 30

g Percentageof wail gc wall, per dwelling uriiti comoossd of

anddoors S Vb
h. Combined STC rating foc wall component Jodé

2. Forwalis parpendicular tonolse sourcefs) e ]
a Wmmnfwimimtm*mm Az A&ws

b STC rating for wall frated 101 nG windows of Goors) e 4 7

€. Description of windows _-S’MME

d. S7TC rating for windows z z

8. Description of doors No Dosrs

#1



L STCratinglordoors -

g Percentageof wall [per well, per dwelling unit) composettof
I&g and doors

windows ol

h. Gombined STC sating for wall component 30

3. Roofing component {1 ovazhoad sitenualion ks reguized due 1o alrcralt nofse)
. Description of root constriction : .

b. STC rating {rated as if no skylights o Gther opaninga)

c. Dagoripton of skilights or overhead windows

d. STC rating for skylights or overhiead windows

8, Parcentageof toof composed of Skylights or windows {per dwetling unil)

L Peorourdage of roof somposed of isrge uncapped opanings such as chimneys

o Cornbined STC rating forroaf companent

4 Descﬁptmo( type of mechanical m;latmmw_cmﬂtﬁ_

Prepared by

Datas:

*H walts contsin vwete o slediar openings, stack a description of duct arangerment and nsciation and
& statement of how much the wall STC 18 coducad by the presence of the vent.




Quiz on Noise Attenuation
Guestions

1. What are thethree basic ways to
provide noiss attenuation?

2. Whatare the responsibitities of
HUD personne! regarding ncise
atteriation?

3. Whena basrieris introduced
between & source and a recelver the
sound energy Is radistributed along 3
indirect paths. What are these thres
paths? .

4, Whatis “Pathiength Difference”
and how does it affect the attenuation
tevel provided by & barrier?

£, What are “‘Yrsamission Loss
Valueg?"

8. Howdoss the transmission joss
value of barrier materal affect the
attenyation capability of the barrier?

7. As.aganeral rule, what
tmmmiw loss values should you

jook for?
© 8, ityou have more than one barrier
between the source and the recéiver
Isthe amount of attenuation
jncressed substantialy?

8. What are the four things to check.
whan reviewing a pr ‘harrier?
10, List3ways tomake a barviermore
gifestive without increasing s overall
hedght.

11, -List 3 ways tomake a barrier more
elfective without increasing its overall
length, ‘

12. What is the maximum percentage
of the tolal area of a barrier that can
be made up of obenings without a
significant loss tn barrier
aitectivaness?

13, ‘List 3 site planning techniques
that-are used to shisld residantial
davelopments,

14. When are parks and playgrounds
notnolge compatible uses that canbe
employed as buffers?

15. What are the two maln things to
look for when raviewing site plan

chanpea? :
18, ‘What are someof the building

orientations which canaggravate-
roiga problems?

17, What i the Sound Transmission
Class (STC)rating?

18, Which isbettera high8TCora
low STCrating?

19, What kinds of Wﬁm

STC ratings originaily developed for?

20 ‘Whiat should you do wherusing

STCratings in a transportation nolse
situation?

21, List5ways toimprove the
atiengation capabliity ofa wall.

22. Windows are one of the
seoustically weakest components in

awall, List 3 ways toreduce the
negative effacts of windows,

23, What is the best way to raduce
the effect of doors?



Quiz on Noise Attenuation

Angswers

.I

10,

. Bince the attenuation

3, barriers or berms

. gite design

acoustical sonstrugiion

1o make sure the project

sponsoridéveloperIs aware of

the attenuation requirements

b. provide sponsorideveioper
with an overview of avatlabie
options

¢. revigw attenuation proposals
1o make sure they are
adequata

a. Adiffracted path over the top
of the barrier

b. A transimitied path through
the barrier

F’!"‘?

£ Arefiecied path away from the

receiver

. "Path Length Difference™is the

difference in distance that sound
rast travel diffracting over the
barrier rather than passing
dirgctly through it. Since sound
energy decreases gvardisiance,
the greater the path length
distance the greaterthe
attenuation.

. “Transmiission Loss Values"

represernt the amount noise levels
wilt be reduced when the sound
waves pass through a barrier,
provided by
a barrfer is a function ot both the
sound energy that goes over the
fop and the encrgy that goes
through tha barrier, If the
transmission loss vaiue s fow
then the effectiveness ofthe
barrier will be greatly raduced

. i the transmission loss value of

the barrier material is at laast

10dB greater thar the attenuation

tevel provided by diffraction{ie.

barrier height] there shouldn’t be
any probiam.

A NQ Thecombined eflect of

multiple barriers does not
normsally provide significantly
greater attenuation than a single
barrier. For design pufposes, the
general procedure is 10 assume
the atlenuation of the most
effective barier.
a. ls ithigh enough?
o Isitiong sncugh?
¢. Isit made of the right
material?
15 1t properiy constructed?
move the barrier cloger to the
source
bend the top of the barrier
towards the source

hoth

L

&

1t

12
13.

14.
15.

18

1.

18.
.

A move it closer 1o the receiver

b, hengthe ends toward the
rocaiver

c. do-both

1 percent
An:,; Joithe mﬂi
8. increasingthe distance
botwesr the staurce and the

Wﬁ_ﬁf
b. placing noise compatible land

usas betwean the solrce and
the recétver

¢. tocating barrieriypebuﬁd&ngs

paraﬂel to the soiirce
d. orienting rasidences away
from the nolse: :
when they are the only ones
associated with the prolect

a. isthe separation botween the

source and raceiver graat

enough
b, Hanolsecompatiblobullding
is being used as a barrier s it
tali and Jong snoagh?
Building orienitations which trap
notseand cause it fo reverberate
off building walls. This would
nclude shapes where a courtis
open to th source or where a
seriesof bulldings are armanged
perpendicular to the source.
The S7C rating is équat to the
number of decibeis a sound is
reduced as It passes thiough a
material.
A high 8TC rating is better.
THa STC ratings were ordginally
intended primarily for use with
interior partitions and for noise
suchas speech, radios,
telavision.

.- Becognize that the BTG rating

may overstate the eltieCtiveness
of the materials by 2-3db.

21. Anyof the 8 below:

e«s»szpsrm

<

. Increase the mass and

stiffness of the wall

use cavity partitions

Increase the width of the
alrspace

Increass the spacing between

Studs

use staggersd siuds
useresilient materials to hold

the studs and finish materaly
together

. useof dissimilarlayers
{leaves)

Baves) oy
h. add acoustical biankets

gaal cracks and edges

22, Anyomsubeiw

&,

closs the windows and
provitie mechanical
vertilation

b. reduce windowsize

C.

increaseglass thickness

d. -install double glazed windows
23, Eliminate them fror sovarely
impacted walls



