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Preface
Introduction

This Noise Guidebook has been
prepared 1o serve as the basic
referencd document for all HUB fisld
statf who are responsible for
impiamenting the Department’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
pastseveral years. it also containg
soveral nevw teras designed 1o make
yourjob pasiar.

This Guidehook Is designed to
serve nof only the experienced HUD
statf merber but also the new
employee or the old employee whois
new 1o tha riolse fleld, Because of
this, the Guidebook contains some
fairty basic background material as
well 85 quizzes and other reaterial
specifically geared for the “lesrmer.”



Chaptler 1

Basic Overview of the ,
Environmental Noise Problem

Introduction
Background
Delinition and Scope of tha Nolse

The alr argund ue Is constamiy fitied
with sounds, yet mostofus would
probably not-say we afe surrounded
by notse, What then is the difference.
between oidinary sound ahd what we
¢all rioise? The raditicnal definition
of noise is that it is “unwanted
sound.” Sountd bécomes unwanted
when 1 elther interferes with our
normal activitios such as sleeping,
conversation of recreation, when it
causes actual physical harm suchas
hearing loss or has adverseeffectaon
mental heglth. As we have begome s
more urbanized country and as
technology has advanced, the lavel of
sound i olr environmant has reacted
the point when it sometimes does
cause interference and does cause
physical and' psychologlcal harm, and
thus wa have daveloped a noise
probiem. {See Figure 1 for a listing of
SOMMOoN sounda.)

The dirdensions of thenolse
probiém have grown larger and jarger
over the past few decades. Inits 1879
AnnualHeport, The Council on
Environmental Quality stated that
“nearly half the US population is
regularly exposed to leveis of nolge
that inteffare with ...normal activities”
and about *1 In 10 ...are exposed to
nolses.of duration and intensity
sufficiont 1o Cavse g permanent
raduction in their ability te hear”
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The Dynamics of the Nolse Problem

Thets ars basically two types of noise
problams. Thera is the specific, job
related, oocupational noise problem
craated by extremely foud machinery.
Ther there is thacommunity nolse
problam where the combined effact of
many Individual noige sources
creates an overall nofse level that is
unagceptable. In the following pages
we wiil be addreasing the cormmunity
nolse problem aniy,

The main contributors toa
community notse problem ara
transportation sources suchas
highways, raflronds and alports,
Thase sources are the most pervasive
and continuing of the nolse sources
within the community. Of coursa, at
any given site, there may be other
noise sources which add to the
problam, sources such as
jsckhammers ata construction site,
But In ganieral, and for the purposes of
this section, the main concern is with
the fransportation sources.

The dynamics ¢t & nolse problem
are based on the relationship belween
the nolss sobirce, the personor place
exposed to the nolse (hereafter called
the receiver)and the path the noise
will ravel from source to receiver,

The source geherates a given
amount of fiolse which travels along
the path and arfives at the recalver.
Theamount of nolse wilt ba raduced
{o:someaextent as a result of how long
that path is or whether there are any
barriers along the path. The sevarity
ofthe impactontheracelverisa
functionofwhat type of activity is
taking place, whether it ia Indoors or
outdoors, and what type of bullding it
is in {f the activity I8 indoors, Figure 3
contalns soms basic compatibility
guidelines.

The Impact of the noisecan be
altered or mitigated by changing the
eharacteristics of any of tha three
siaments: source, path or raceiver,
Later on we wili look at the various
mitigation measures that are
possible. Qur concarn however will be
primatily with the receiver and the
path, Control of the sources
- themssives isthe specific _
rosponsibility of agencias such as the
Environmental Protection Agency
(EPA) or the Federal Aviation
Administration (FAAL

Figure 2
Dynaemics of & Nolss Problem
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The Ideal solution 1o & potential
problem Is 1o teduce the noise balng
prodiced by the sourse. The best
solution available to HUD, or the
community, however, i to make sure
that noise sensitive uses aré located
where they will not beexposed to high
nelse javels. The next best approach
o mitigating nelse impactis to
attempt to reduce the amount of
noise that reaches the receiver, This
¢an be accomplished through the use
of barrigrs such a5 walls or earthen
betms; or combinations of both; along
the noise path. if the use ot barders is
not poasibie then the only alternative
avallable s to provids nofse reduction
maasyresinany structyroes
asisociated with the activily so that at
least the interior spaces are not
axposed 1o high nolss lavels, This
approach is congidered the least
desirable because most of the Jand
uses we are concemed about, such as
residential, do have outdoor areas and
activities associated with them which
;ﬂﬁ; id remain exposed to bigh roise
ovels,

ANoie on Deseriptors

Aoy factor inthe growth of our
ability to evaluate and reduce noise
impéagts has been the development of
better tools to measure and describe
thenolse levels.gencrated by varlous
sourcas. Tha development of better
toois (calied noisedescriptors or
metrics) hag beon particulardy -
important for'desdling with community
noise problems. Many of tha older
degeriptor systéms could only be
used for ona or tWo sources such 45
-cars and raitroads, but not airplanes.
Sincethe community noise problem
very often includes nolse fromall
these sources the iack of an adequate
descriptor miide it difficulitodo an
adequate evatuation.

" The most advanced dessriptor
curently in general use is the day
night averagae sound lave! system,
abbraviated &5 DNL and symbolized
mathematically as Ly, The day night
average sound leve! is 1he 24 hour
averape sound level, expressedin
decibels, obtained after the addition
of & 10 dacibel penalty for asumd
levals which oecur at night betwesn
10 PM and 7 AM, This nighttime
penally is baged oniha fact that many
studies have shown that peopla are
much more disturbed by nolse at
night than at any othertime. This is
not unusust in that background nolse
is often much less at night and aiso
people tand to ba dolng very noise
sensitive things at night, such as
trying to sfeep.

Another featura of the DNL system
that Is very important is that it can be
usedto describe nolse from al!
sources. Thus, using the DML systens,
we can describe the total nolse
exposura at a site, something many
other descriptor systems couldn't do.

The DNL: system hae bean adopted
by the EPA, the Department of
Detense {DOD) and HUD, and more
recently by the FAA, specifically for
describing snvironmental impacts for
sirport actions. W expect that very
soon It will ba Inatmost universsiuse
nthe US,

Issues

The mainissues involved In any nolse
analysis can besummartzed biietly,

* How mitich nolse is a site exposed
o :

+ What types of activities are being
attected and how saverely

*» Jg il reagonable {6 redeaign the site
1o ralocate nolse sensitive activities

* And, if not, how much profection

- atteruation meisures;

Your approach to these issues will
be affected in many ways by the
igcation of the project Inyuestion,
Projects.in suburban or rural dreas
can be approached differently
because the available mitigation
options are greater and often the
nolse exposure tsel! is not 6 severe.
In urbian Situations, however, the
nolse exposure i often morg severs
but at the sarne time the options for
mitigation or resiting are more
Hrmited. in the urban setling Innovative
dasign and the use of advanced

- attenuation madisures bacomes

critical. Fortunately our experience
has shown that good designand
canstruction can-relleve o
substantially reciuce major nolse
prablemns,

Legial Provisions
General Lagislation and Background

The Federal legislation which
ardregses noise issuas fs somewhat
different from other environmental
legisistion. The Glean Alr Act, for
axarnple, required the Environmental
Protection Agency to set up actual
mandatory slandarda for ait quality
which were sup tobe met by all
jurisdictions. EPA sven has the
authority o take punitive steps
against citleg which are not making
"“raagonable further prograss”
towards achisving these air quaiity
goals. Thers Is no similar Jegislation
that covers nolee. The approach has
been o tackle the noise problemat
the scurce by controliing the amount
of nwise that can be emitted by the
individual airplane engine or the
Individual jackhammer. Agencies like
HUD or the Farmers Home
Administration heve devolopsd
megulations which ara related to the
overall community noise lavet, but
they only atféct thalr own programs
and arg not binding onlocal
cornmunities. The Veterans
Adminisiration program only relates
to alreralt acise and slso only atfects
Its own programs..

The major pieces of Federal

| legisiation related to noise include:

1972 directed EPA to promiote an
environment forall Amaticans fres
from noise that jeopardizes their
health and weifare. it also included a
requirement for EPA to setacriterion
for noise level adequate to protect
health and walfare with-an adequate
msargin of safety but without regard o
coat or feasibility, B

Quist Communitias Act ol
1878 _amenided The Noise Gontrol Act
of 1972 to encourage nolsa control
programs at the State and community
lovel,

Federal Ald H Actof
1970 estabilshed the requirement
that fiolse control be a part of the
planning and design of all federally
aided highways. _

Avintlon Safety and Nolse
Ahutemant Actof 1978 requires FAA
to develop a single system for
measuring nolsa at alrports and under
certain conditions to prepare and
publish noisé maps.




HUD Regulationa

Whilethe Department of Housing and
Urban Development tias no specific
fesponsibllity to try to reduce the
aoise probiem at the source the way
the Environmental Protection Agency
and the Federal Aviation
Administeation do, it doss bave the
responsibliity to be aware of the noise
problem and s impact on the
housing environmend. The most basic
mandaie which drves the
Department's involverment with the
noigs issue Is tha Housing Act of
1849 (Public Law 81-171) which sets
forth the natlonal goal of “a decent
home and suitabls living environment
for avery American family,” This goat
was affirmed by the Housing and
Urban Development Act of 1968
{Public Law 80-448). The Department
was tasked by the Housing and Urban
Development Actof 1965 (Public Law
89117} "to delermine feasible
methods of reducing the esonomic
logs and hardships suffered by
homeowners as a resuli of the
depraciationin the value pf their
properties following the construction
of airports In the vicinity of thelr
homes.” The Noise Control Act of
1972, in addition 1o its specific
taskirig to EPA, tasked ali Fedaral
agengies to administer theli programs
in ways which reduce noise poliution.
Firally, the Depariment is tasked by
Federal Maragament Clrcular 78-2:
Compatible Land {503 81 Federal
Airtlelds tgmake sura thatits actions
donot promote incompatible Yand
uses around Federal alrfields.

All of these legislative and
regulatory rmandatos combing to
createa serfous requirament forthe
Department of Housing and Urban
Devslopment to ba aware 9f the
problsm of noise and {0 take posiiive
ateps to protect residentia) and othsr
sangitive lard uses from high noise
levels.

The Departnient of Housing and
Urban Developmend Hrst igsued
formal requirements related
specificatly to nolse in 1971 (HUD
Cireular 1380.2) These requiremanis
containgd standards for exterior
noise ievels along with policies for
approving HUE supported orassisted
housing projacts in high nolse areas,

in general the requirements
established three 20nes: an
acceptable zone whereall projects
could b approved, & normally
unaceeptable zone whera mitigation
measures would be required and
where each project would have tobe
individually evaluated for approvat or
dersial, and an Unaccepiable zone in
which projects would not, as a rule, be
approved.

In 1979, the Departmant issued
ravised regulations (24 CFH Parl 518}
which kept the same basie standards
but'adopted new descriptor gystems
which were considerably advancieg
over those In use under the oid
requirgments.

HUD's regulations also reguire that
racipienis of Community
Deveiopmaent Block Gran{s (CDBG)
and trban Developinent Action
Grants (UDAG) 1ake into
gonsideration the noise critedaand
standards in the snvironmental review
process and consider ameliorative
actlons when nolse sensitive land
developmends are proposed In nolse
exposed areas, #f CDBG or UDAG
activities are planned Ina nolsy area,
and HUD assistance s contemplatad
iater for housing andior oihisr noise
sensitive activities, the HUD
standands must ba mel for those
acthvities:

Project Analysis
General

While most of the analysls for noige
focuses on noise sources located
around the project site, thereare
some characleristics of the project
iseif that you should know about.
Thesa charastenstics wil help youto
determina what is calied the noiss
assessment location(NAL} for site
analysis, {The NAL is arepresentative
paint{or poinis) on the site where
significant noise exposurels
expected, All distanices, elc. are
measurad from the NAL)L. This
Intarmation will alac be heipful iater
in gvalualing the potential for
mitigating or reducing the Impact of
noise. Aflof this data should be
avallable from preflminary plans and
gpecifications. if not, a quick phone
call to the developer/sponsor should
get you all the information you need.

Duta Reqlred

+ Location of outdoor nolse sensitive
uses relative o the nolse source,

* Location of bufldings contalning
nolse sensitive activitias,

» Location of other buildings,
particulary ones which might serve to
shigtd sensitive bulidings or areas
from the noise source,

= Deslgnand construction features
of bulldings, partinularly features
such as use of centril alr conditioning
which could provide noise reduction
benefits by permitting windows o be
ket closed.

Analysls of Site and Environs

General

The primary focus of this impact
analysis is on noloe Sources and the
primary lem to be determined is the
noise level created by those sources.
In mary instances, particularly with
girports; data on the noise levels
generated by the source will have
already been prepared by another
agancy such as the alrport operator,
the local or State )
highway/transportation department or
other similar agency, (Figure 4 shows
typical altport noise contoursd In
those cases no sie or erivirons
analysis 5 fiscessary and one can
procend directly o impast analysis.
For those instances where there are
no currgnt dats aleeady piepared, the
Department of Housing and Urban
Development has devetoped a
handbook called the Noize
Assessment Guidelines which
contains adetalled desk fop
methodology for use by lndividuais to
determine noiseimpacts (See Chapter
5). Included in the handbook I8 a
complete Hsting of the data about the
site and its anvirons that are:
necessary to conduct an analysis. We
don't want {6 repeat all the detalled
requlirements bere, but the following
are some of tha types of information
you would have o collect if you wera
to doyour own analysis, You might
nolethat most of the information is
related 10 the noise sources
thamasives.

For the purposs of analysis, the
Noise Assessmont Guidefines requlre
that you cansider ali militaryicivittan
girports within 15 miles of the praject,
all significant roads within 1000 fee!
?nd basicalty afl railreads within 3000
ast.



Types of Data Required

» Number and type of vehicles

» Operational data;

e Bpeed

— daytimenighttime spiit.

» Conditions where thevehicies arg
aperated, e, fresly flowing traftic
versus stop and o, level versus hilly,
welded raifroad track varsus botted
raliroad track.

The Nolse Assessment Guidefines
contain guidance 6n sources for this
gata. Most of them are ohtained from
tha “operator” of the transportation
source. The Guitlelines alsocontaing
model figuras which can be-used
when actual data s unavaliable. For
example, if the actual rumber of
vehicies traveling at night 15 not
available then the Guidelines state
that a figure of 15% should be used.
Thus it is possible to make
reasonably accurate nolse level
determninations even if soma
information is not-avaitable.

Belermination of Impact
General

The specific progedures for
determining ihe nolse exposure tevels
for a Site are clearly spalied out in the
Noise Assessment Guidelines, The
process Js a falrly simple onein which
thenolss level from sach source
affacting the siteis calculated and
thien combingd 1o derive the overall
exposure. If some kind of barrier
exists of Is proposed, the nolse Jevels
can be adlusted torefiectthe
iritigation provided by the barrier. The
overall noise level is then comparedto
HUD's standards and the apprepriate
action, as spelled outIn the
regulations, is taken.




Evaluation of impact

HUD Regulations set forth the
following exterior noise standards for
new housing construction agsisted or
supported by the Depariment;

65 Ly, 0r fess ~ Acoeptable

Exceading 65-Ly, but nol excaeding
75 Lgg - Normally

Unacteptable ~ appropriate sound
attenuation measures must be
provided: § decibels attenuation
above the attanuation provided by
standard construction required in 65
Lan to W Ly, 20ne; 10 decibels
additional attenuation in 70 Ly, to 78
Ldn Zone,

Exceeding 75 Ly, - Unavceptable

HUEYs regulations do not contain
gtandards for interior nolae levels.
Rather a goal of 45 decibels is sot
forth and the attenuation
requirernents are geared towards
achisving that goal. It is assumed that
with standard construction any
building witl provide sufficient

attenuation so that if the extarior lavel.

18 65 Ly Or 1688, the Interior level wiif
be 4% Lgy; of legs.

_Oneceyou have determined the
overall noise exposure for the site you
sompareitto the above standards, i
the overali shaexposureis 851y, or
isss the projedt is acceptable. if the
exposurs is betweoen 65 Ly, and 76
Lgn you should consider aitemative
jocations of providing adequate
attenuation with the first preference,
as we'va noted, being forthe
constriiction of some kind of barrier
ta prevent nolse from reaching the
site. If providing adequate attenuation

- I8 impossible or impractical thenthe
project should be considered
ureCoaptable,

Suggested Mitigation
General Considerations

As discussed briefly earlier, there are
threg basic approaches for mitigating
the high nolse exposures, The first
arwf bestis to relocate nolse sensltive
uses out of the high nalse area. The
second Is-to prevant nolse from
reacting the noise sensltive user
through some sort of barrier, Angd the
hird, and least desirable approach, is
to provide attenuation for at least the
interiors of any buildings located in
the high'noise areas.

Specific Conslderations
Relocating Nolse Sensitive ises

By far the most desirablemitigation
approach is to relotate nolse
sansitive uses out of the high nolse
area although, If the site is large
enough it may be possible to locate
rorp0ise sensitive uses batweon the
source and the sensitive uss, for
sxample a parking lot might ba
lecated batwesn 4 road and a park
{ses Figure 5). The workchartsin the
Nolse Assessment Guitelines canbe
used inreverse fo tell you exactly how
far away from the nolse sourte you
nead to he;

When sites are small, very dense or
when the source affects the entirs
she it is very dgitficult to mitigate by
changing the site ptan. Then the rext
option must be considered: erecting
some type of basrier between the
source and the recelver.

Figure &

In shusiter dewsiopmsnt, open space San be
plaged near the highway o reduce nolse
impacts on residences

Barrlors

Barrlers are most etective for at or
below ground ievel sources, They
have ng effect ot noise from alreraft
overflights and are limited in practical
application with elevated sources
such as elavated trains. The key 1o the
sifectiveness of a barrier ls whather
or nof ithreaks the Hine of sight
between the source and the recelver,
i a barrier doss not completely break
theline of sight elther because it is
not high encugh, o not fong enough
thenits effectivenesa la greatly

Barriers can be actual walls,
sarthen mounds {catled berms) or
even otherbuildings. Thausse of othier
non-cise sensitive bulldings as
bamjers is & particularly good
approach in that it need not add to the
cost of the projsct and may not create
the assthetic problem a large wall
might create {(see Figure §),
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ﬁﬁgmﬂ _ As pointed out satlier, the

siffectiveness of a bamrier is _
Landscape determined Inlarge part by lts helght
Piacement of noisa compatible lant usas : m It?}?é?fasc?r‘e Stwiﬁmgrhg::
neaf highwsy in Planned Unlt Development ina aciivenass re
ghway " be reduced by as uch as 50% if it

Isn't long snough. Again, the Noise
Assessment Guidelines contain
procedures for determining the

atfactiveness of barriers.

Incorporating Nolse Attenustion
Moasuras into the Bullding

1t neither relocation orbarriersis a
reasonable noise attenuation option,
the last resort Is 1o incorporate noise
attenuation measures into the
bulldings themselves, This Is not
considered the bast solution becausa
it jpaves the outdoor arcas, some of
which may be for quiat recreation,
4 : exposed to high noise levels. But if
. . "Rl “.»Ega"‘ﬁi development must take placs and
.I_L'—‘—-I i barriergaam impossible, then the

i : i employed in bullding designand
Comsmercial Facliities . S Construction. :

L A Without-going into great tachnica
detail, noise sttenuation construction
measuras generally fall into four
categorips,

{1) Reducing the total ares of
windows or other acoustically weaker
building elerments
Figurs 7 {2) Sealing off "leaks” around
The Audible windows, doors, vents, _
Landscaps {3) Improving the actual sound

attenaating properties of smali
Use of acoustical whitectural design to building slements such as windows,
reduce nolse IMpacts on Mg 1oise doors, ete.
sensitive living spaces {4) lmproving the actual sound
attenualing properties of major
bullding elements sach as roof and
wall construction,

In addition, nolse attenuation in
buildings can be provided by
daesigning intericf spaces so that
“gead"” spaces such as closets o
gomidors act as buffer zones (see
Figure T), And finally noise
sttepuntion can be-provided by
reducing the need for open windows
by providing air conditioning.

Many of the steps that would be
taken 1o provide noise attenuation
aisa halp conserve energy. Good
weatherstripping around windows
and doors is one example. Another
might be reducing window areas in

Highway north-or west. Because many of these
e e e e et e e . TIRASUrES SOrVE LWO pUIPOSES, they
o T T TT T T T should not necessarily be considered
aburdensomea requirement but rather
just good design and construction.




Information Resources
FPublications

HUD Regulation 24CFR Pan 51
Subpart 8 -~ Noise Abatement and
Contral.

Noise Assessment Guldelines,
HUD 1883, basic technical procedural
resourcs. 7

Alrcratt Noise impsct, HUD 1872, a
bt dated but good overview of

roblem,

The Audible Landscape, DOT
{FHWA) 1974, an excellent discusson
of mitigation measures including land
use planning and bullding design and
construction,

Infermation on Levels of
. Environméntal Noise Requisite to
Protect Public health and Weltare
With an Adequate margin of Safety,
EPA, 1874, The “levals document”
that a)cp!ains basis for EPA
standards,

Noise Barrier Desigry Handbook,
Federal Highway Administration
1976. Good discussion of barriers,
technical but readable;

Handbobk.of Noise LControl, 20
edition; 1978, McGraw Hill, A-basic
technical handbook cavering alt
aspacts of noise for those whowish
1o go into the subjact further,

HUD-environmiantal officers hava
been tralned In'the use of the Noise
Assessmem Guldelines and can help
youwork with thern. Many architects
are trainod in acoustics and canhélp
in development of nolse attenuation’
strategies.

Quiz
Questions

1. Whyls noise considered
“unwanted sound™? :

2. What is a community nolse
problem?

3. What arethe thres maln
contributors to a community noise
problem?

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

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

8: What ar6 HUD's noise standards?

7. Howdo HUD's siandards apply o

CDBG recipients?
B. What are the three general
mitigation measures avaliable to HUD

and the community-and n what arﬁar

of preference?

9. When are barriers eHective and
whin are they not effeciive?
16, .Describe how the Noise:
Assessment Guidelings canbe used
g determine appropriste mﬂigation
MBasures.

Guiz
Answers
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Chapter 2
The Noise Regulation

Introduction

The basic foundation forand
structure of the MUD noise program is
set out-in the nolse requlation; 24 GFR
51B. The regulation establishes the
actual standards, assigns
implementation regponsibilities,
describes review and approval
procedures, and identifias special
situations which may warrant walvers
of progedures or standards,
Therefors, the key to your
ynderstanding and implementation of
the HUD nolse program is a clear
undérstanding of the regulation,
There |s no way to escape the task
of sitting dowi and simply reating the
yegulations; dver and over umil you
thotoughly uniderstand them. We have
however done two things that will
halp you apply the regulations, First,
for quick reference, we have prepared
ailstof the key sections in the
regulation and second we have:
preparad an-annotated copy of the
reguiation.

Thelist of key sections was
prepared to heip you find the specific
saction you nead for a speclfic
guestion or issue. Whila the
requiationiiseif is not really long, an
index is always useful. We caution
you, however, against using the index
toavdid learning 1he regulations. The
list was prepared for your
convenience inapplying the
regulation once you have come {o
understandit,

Wae prepared the annotated
regulation bacauss, try as we might, it
was impossibie to anticipateal] the
questions, implemenitaiion problems
and spaecial sltuations that might
arise and to address them I the
reguiation. So, now that we have had a
Tew years’ experience with the
regidation, we have gathered together
thegimportant questions, notes,
second thaughts etc. and pregarad
this annotated reguiation. We kope it
will give you further insight into what
the regulation means when it i
applisd in the Held.

Key Sections in Noise

Regulation

Section Subject

51.104a)2}  Application of Polic
to'gmck Granty 4

51.1016%3)  Policy for New

51.101(2)4) ggl:gst??s‘ﬂgg i

1 Glicy 1or EXist

Congg{weﬂm nd

51.10%(a)5) Policy for Moderniza-
tionh and
Rehabifitation

51,104=)8} gae 'Exteﬂor Naoise

03
51.101(a)9) gle 'lmerioz‘ Noise
0al
51.102(a) Authority to Afigrova
_ Profects

51.103(a) dentification of DNL
as The Noisa
Descriptor to be {Jsed

51,103() How to Measure Loud

. impulsive Nolses

51.108(¢; The Noise Standards

51.10 Attenuation
Requiremants
Discussed

51104651} $pecial Approval and

511042

51.105(s)
51.106(z)

51.108(a)4)

51.106(d}

51.108({f)

Environmaental Review
Requirements for tha
Normaily,
Ao
Eg’%ﬁmnmﬂai Review
ﬁmuiremen!té for the
racceptable zone
Flexibiity for Non-
acoustic Banefits
Provisions
How to Tel; if
Existing Data on
Noise Arg Acceptable
specgzg! Heview and

Appro ras
For Airport Nolse
Contours

When Noiss
Measurements Ma
he Used instead o
Caloulated Lovels
When to Give Credit
for Proposed Barrers
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Part 51—Environmental Criteria
and Standards

Subparnt A—General Provigions

Sec.

§51.1 Purpose.

§51.2 Authority.

§51.3 Responsibilities,

§51.4 Program coveraga,

§51.5 Coordination with-environ-
mental claarance requirements,
§51.8 [Reserved]

smrt B-Noise Abatement and

§5$ AD0 Purpose and authority.
§51.101 General policy.
§51.102 ﬂaapmsnbilﬁies*

§51.104 Special reguiremants.
§51.108 Exceptions.
- §51.708 implamentation.

Appendix to Subpart B

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

mﬂ B—Noise Abatement and

This regulation replaces:

§51.100 Purpose and authority. HUD Circular 1390.2,
{a) Purpose. The Départment of gg%:a Abat%nent g;{
Housing and Urban Development trol, 1971, which is

now eancelled along
gﬁ%ﬁmﬁgﬁéﬁﬁﬁm oF  with all Instructions and
représents a threal 1o the serenity ciarltifyi?g ﬂ;mh);anda
and quality of life in population Pf a,'“ ngtol
centers and that noise exposure may ~ CToUen
be a-cause of adverse physiological
and psychological effecls a5 well as
eeconomic losses.
1t is the purpose of this. Subpart
108
{1} Call-attention 10 the threat of

noise pollution;

{21 Encourage the controt of noise
at its sourte in cooperation with
other Federal departments and
dgencies;

{3} Encourage land use patiemns
for housing and other nolse sensitive
urban needs that will provide a
sultable separation between them
and major noise sources;

{4) Generally prohibit HUD support
for new construction of noiss
sensitive uses on sites having
unacceptable noise exposire;

{5) Pravide policy on the use of
structurat and other noise
angnuat.ion measures where needed;
an
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{8} Provide policy fo guide
Implementation of various HUD
programs,

{b} Authority. Spectiic authorities
for noise abatemant and condrof are
contained in:

{1} The Naise Control Act of 1972
{Pub. L. 92-574) which directs Faderal
agencies to administar their programs
In ways which reduce nolse potiution,

{2) The Quiet Communities Agt of
1978 {Pub. L. 85-808) which amendad
Pub. 1. 92-574.

(3) The General Services
Admiristration, Faderal Management
Ciraular 75-2; Compatible Land Uses
et Federal Alrfields prosoribes the
Exscutive Branch’s general policy
with respact 1o achieving compatible
lard uses on elthar public or privately
owned property at of in the vicinity of
Federal airfields. -

{4) Section 1113 of the Housing

andUrban Development Act of 1965
Pub. L, #9-1 17 directs the Secrelary
b= +:*.fo determine feasible methods
of reducing the economic joss and
Hardships suffered by homeowners as
a result of the depreciation in the
value of their properties foliowing the
construction-of airports in the vicnity
of their homes, Including a study of
feasible mathods of insulating such
homes from the noise of alrcraft.”

- §51.10% General policy.

{a) itis HUD's general policy to
provide minimum national standards
applicable to HUD programs to
protect citizens against excessive
noise in their communities and places
of rasidence.

{1} Comprehensive planning assist
ance. HUD requires that granfees _
give adequate considetation 1o noise
exposuras and scurces of noise as an
integral part of the urban environment
in HUD assisted comprehensive plan-
1iing, ak Tollows:

{i} Particular emphasis shall be
placed on the importance of
cormnpatibleé land use planning in
relation’to airports, highways and
other scurces of high nolse.

(i} Appileants shall take into
consideration BUD environmental
standacds impacting the use of land
as required in 24 CFR Part 800,

{ili} Environmantal studies,
ingluding noiss assessments, are
aliowable costs. , _

{8} Cammunity Development Block
Grants. Recipignts of cormmunity
developmant blotk grants under the
Housing and Commuinity
Devetopment Act of 1974 (Pub. L.
93383}, a3 amanded by the Housing
and Community Development Act of
1977 (Pub. L. 85-128), must take info



consideration the nolse oriteria and
standards in the etwironmental review
process and considar armeliorative
actions when noise sansitive land
development Is proposed in nolse
exposed areas. Grant reciplants shall
atdress deviations from the stand-
&rds in their environmental reviews as
required in 24 UFR Part 58,

Where CDBG activities are pianned
inanoisy ares, and HUD assistance is
contemplated latar for housing andlor
other nolse sensitive-actiities, the
CDBG grantee risks denial of the HUD
assistancs unless the HUD standards
arg met, Environmental studies,
Including noise assegaments, ars
allowable costs. '

{3) HUD support for new
construvetion, HUD agsistance for the
construction of new nolse gensitive
usesis'prohibited genérally for
projects with Unacceptable noise
expasires and Is discouraged for
projects with Normally Unacceptabls
nolseexposure, {Standards of agcepts
ability are contained In §51.103(c))
This policy appiles to all HUD
programs providing assistance,
subsidy or insurance for housing,
collega housing, mobile home parks,
nursing Homes, hospiials. and alt
programs providing assistance or
insyrance for land development, new
communities, redevelopment or any
other pravision of facilities and serv-
ices whioh are dirscted 1o make land
avaitable tor housing or noise
sensitive development, The policy
does not apply 10 research _
demonstration prejects which do not
resalt in new construction or
raconstruction, flood insurance,
interstate land sales registration, or
any action or emergency assistance
uhder disaster assistance programs
which are provided 10 savs livas,
protect proparty, protect public health
and sefety, remove debris andg
wreckaga, or assistanse provided that
has the effact of restoring facilities
substantially as they existed prior to
the disaster.

{4 HUD support for existing
construction, MNolse exposuis by
itsell wilt not resultin the denial of
HUD support for the resale and
purchase of otherwise acceptable
existing bulldings. However,

environmental noise is a marketabitity

factor which HUD will considerin
determining the amount of insurance
of other assistance that may be given.

The old definition of
major or substantial
rehabllitation and
modermization as baing
any project wharacost is
75% or more of replace-
ment cost no longer
apiplies, Now the criteria
contained in indlvidual
program guidance
appiies,

Exigting construction
means unils which are
sithermore than 1 year
old orfor which this is
thesscondor
subsequent purchaser,

1

{8} HUOD support of modernization
and rehabilitation. For modernization
projects located in al nolse exposad
areas, HUD shall encourage noise
ailenuation features in altsrations.
For major or substantial rehabllitation
projects inthe Normally
Unacceptable and Unacceptable
nolag zones, HUD actively shall seek
to have project sponsors incorporate
nolse attenuation features, given the
extent of the rehabliitation being
undertaken and the level of exterior
Adise exposure; In Unasceptable
noise zones, HUD shall sttongly
snCOUrape conversion of nalse-
exposad sites (o land uses
compatible with the High noise levels.

{6] Research, guidam ang
publications, HUD shall maintaina
continuing program:designed to
provide new knowladge of noige
abatement and control to public and
private bodies, to develop improved
methods for anticipating nolse
engreachment, to developnolge
abatement measuras through tand
useand buliding construction
practices, andtc foster befier
understanding of tha consequances
of noise. It shall ba HUD's policy to
issue guidance documents
petiodically toassist HUD personnel
inassigning anaccoptability category
to projects inaccordance with noise
exposure standards, inevatuating
nolise attenuation measures, and In
advising local agencias about nolse
abatement strategies, The guidance
documaents shail be updated
petiodicatly in accordance with
advances in the stafeof-theart.

) Constructionequipment,
buitding equipment and
appliances. HUD shall encourage the
use of guister construction
equipment and methods in population
centers, the use of guister equipment
andappliances In buiidings, and the
use of appropriate nojse abatement
tecbniques in the design of
regidential structures with potential
niGise problems.



{8) Exteriornoisegoals. #tisa
HUD goal that exterior nolse levels do
not exceed a day-night average sound
level of 55 decibels: This level s
recommended by the Environmental
Protection Agericy as a goal for
outdoors in residential areas, The
levels recommendad by EPA ara not
standards and do not {ake into
account cost o feasibility, For the
pmirposes of thls regulation and to
meaet other objectives, sites
with a day-night average sound level
of 65 and belew are acceptabls and
are allowable {see Standards in
§51.103(c)).

(9 Interfor noise goals, ItisaHuD
gnal that the interior auditory
environment shall not excesd a day-
nlght average sound level of 45
decibals. Altenuation measuresto
mest these interior goals shall be
employed where feasible. Emphasis
shall be glven to noise sensitive
interior spaces such as bedrooms.
Minimusyattenuation requirements
are prescribed in §51.104().

{10} Acoustical privacy in
muitifemily bulidings. RBD shall
require the use of bullding design and
acoustical treatment 1o aftord
spoustical privacy inmultifamity
bulidings pursuant 1o raquirements of
the Minimum Property Standards.

§51,102 Responsitdlities.
{8} Authodity to approve

- projects. {1y Decisions on proposed
projects with accoptable noise
exposures shall be defegated to the
prograim personniel within field
oifices, including projects where
increased nolse levels are considered
acceptabli bacause of non-acoustic
benstits under §51.105(s). Fisid oMice
program’ pefsomel may also approve
projectsin normally unaceeplable
noise exposed areas where adequate
sound attenuation s provided and
where the project dees not require an
Environmental Impact Statement
unider §51.404(b:

{3) Otherapprovals i normally
unaccepiable nolse exposed areas
require the concurrence of the
Regional Administrator.

{31 Requests for approvals of
projects or portions of projects with
unacceptable nojse pxposures shall
ba referred through the Regicnal
Office to the Assistant Secrelary for
Community Planning-and
Development forapproval pursuant to
§51.1030).

‘the Noise Control Act of
1972 required EPA to
“aublish information on
{hefevels of
snvironmantal
nolse. . .which, ., are
requisite to protect tha
gluﬂi;:m healthand weifaira
anadequate margin
of safely." EFPA has
Interpeeted this 1o mean
that the levels stiould not
raflect technical
teasipility oreconomic
costs, “Health and
welfare” is defined as
being "gompiate
physical, mantal and
social weil-belng and not
merely the absenceof
diseasaand Inflrmity.”
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{41 In cases where the Ragionat
Adrministrator determines that an
important grecedentor lasua is
tnvolved, such cases shall be refarred
with reccnmmdatm tothe
Assistant Secretary for Community.
Planning and Development.

) Surveilignoe of noise probiem
areas. Appropriaie field staff shall
maintain surdsiilancs of potential
noise probism areas st advise local
officlals, developars, and planning
grotips of the unaccaptability of sltas
becguse of nolse exposurs at the
sarlisst poasibls time In the decision
process. Bvery attempt shall be mads
to insure that applicants’ se cholces
dre consistent with the policy and
standards contained hersin,

{c) Notice to applicants. Atthe
eartiest possible stage, HUD program
administrators shall:

{1} Determine the suitability of the
acoustical environment! of proposed
projects;

2y Notity applicants of any adverse
or questicnable situations; and

{3} Assurathat mo&pemiva
applicants are apprised of the stand-
arda contalned heréln sothal futire
site choices wifl be conglistent with
{heze standards.

{dy Technical assistance, Technlcal
assistance in the measurement,
estimation, lemerpwtation,
prediction of noise exposura is
avallable fromnthe fo%::%sof
Communily Planning and
Development and the Office of Polioy
Development and Research, Fleld
office questions shalt be forwarded
through the Regional Officeto the
Assistant Becrelary for Community
Planning and Developmant or his
designee.

{0)-Interdepartmental
oonrdination. Regional
Administrators shall foster
appropriate coordination betwsen
fiald oftices and other departments
and agerncies, particularly the
Environmental Protaction Agency, the
Dupartment of Transportation,
Departmentof Defense
rapresentatives, and the Veterans
Administration, HUD staff shall utilize
the acceptability standards in
commenting on the prospesctive
impacts of transportation tacilities
and other noise genarators in the
Environmental impact Statement
review process.



551.103 Critoria and standards.

These standards apply to ali
programs gs indicated in §61.101,

{a) Measureof external nolse
enviroaments. Thamagnailude of the
external noise environment at a sitels
dstermined by the vajue of the day-
night average sound level producad
as the result of the accumulation of
noise from att sources contributing to
the external notse endronment at the
site. Day-night average sound fovel,
abbreviatedas DRL and symbiolized
88 Ly, Is the 244wur average sound

fevel, in decibels, cbiained after
addition of 10 decibels {0 sound:

Methods for assessing the
cortribution of loud impulsive sounds
o day-night average sound level at a
sHe and mathematical expressions
for detanmining whether a sound is
classedas “loud Impuisive™ are
provided in the Appendix,

{c} Exterior standards. The degree
of acceptability of the nolse
environment at a site is determined by
the sound leveis extarmal to bulldings
or other lacitities containing noige
sensitive uses. The standards shali
usually apply at.a location 2 meters
{6.5 teat) from the bullding housing
noise sensitive activitlesinthe

levels In the night from 10 p.m.to 7 direction of the pradominant noise
a.m. Mathersatical expressions for source. Where'the buliding tocationis
average sound Jevel and day-night undetermined, tha standards shali
average sound level are statet Inthe  apply 2 meters (8.5 feet) fromthe
Appendix, ' bullging setback Hne nearest to the
) Lowd impuisive sounds. Onan-  predominant noise sturce. The
Interim basis, whenloud impulsive standards shali aiso apply at-other
sounds, such as explosions orsonic  focations where it 1s determined that
booms, are'experienced at asite,the  quiet outdoor space is required inan
day-night avarage sound level area ancillary to the principal use on
produced by the loud impulsive the site.
sounds alone shall have 8 decibels .
added loitin assessing the The noise environment inside a
accaptabliily of the site {see building is considered accepiable if
Appendix). Alternatively, the C- {38} the noisa environment external to
weighted day-night average sound the building compties with these
level (Lo, May beused without theg  Standards, and (b) the buliding is
decibel addition, as indicated in constructed in a manner common to
Section 51.106{a)3). the ared or, it of uncommon
- canstruction, has at least the
equivalent noise attenuation
characteristics.
Site Acceptability Standards
Day-night average sound
Iavgl (ig decibels) Speciat
: approvals and
requirements
Accepiable Not exceeding 85 0B{1) ___Nons
Normafly Unacceptable.. Above 65 dB but not
exceeding 76dB ______ .. Special
Approvals (2}
Environmiental
Review {3)
Altemeation {(4)
Unacceptable Above 7548 _ Special
Approvals (2)
Envisonmental
Review (3}
Attenuation {5}

Notes.— (1) Acceptable threshold may be shifted to 70 dB in special
circumstances pursuant to Sectiosn 51.105()

{2) Ses Section 51.104h) for requirements.

(3) See Section 51.104b} for requirements.,

{4} 5 96 additional attenuation required for sites above 685 dB but not
exceeding 70 dB and 10 dB additional attenuation required for sites above 70
48 hut not-axceeding 75 4B, {Sée Section $1.104()) -

{5} Attenuation measures to be submifted to tha Assistant Secratary for
GPD for approval on 6 case-by-case basis.
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Thiais because the
reverberation effect of
sound waves:-hitting the
wall will increase the
noise levels at the site,
Yoau won't pick this up
unless you baek off from
the wall 10 measure,




Berms and barriers are
our first cholce because
they provide protection
for yards, playgrounds,
efc. Since out

activity is often very
Important to.residents
we want to protact the
outdoor areas as much
ag possible.

By detinition a barrler
must be separate from
the bullding orarea it is
providing attenvation
for. After all barriers are
prefered because they
improve exterior as well
83 interior levels. Non-
noise sensitive butldings
oan, howaver, be used
a8 barriers for noise
sensitive buildings or
exierior areas,

§51.104 Special requirements.

{8) Noise aftenuation. Noise
attenuation measures are those
required in addition to-attentiation
provided by buildings as commonly
consiructed in the area, and
raquiring open windows for
verlilation. Measures that reduce
external noise at a site shall be used
wherever practicable In proference to
the-incorporation of additional noige
attenvation in buildings. Bullding
designs and construction tachnigues
that provide more noise attenuation
than typical constrycton may be
employed also 10 meet the noise
attenuation requirements.

{1} Normaily Uinacceptable noise
zone, Approvals. in this zone require
a minimum of § decibels additional
sound attenuation for bulidings
having nolse-gensitive uses if the
day-silght average sound level Is
greater than 65 decibels but doss
not ekeesd 70 decibals, ora
minimutn of 10 decibels of
additional sound attenuation {f the
day-night average sound level Is.
greater than 70 decibels but does
not excead 75 decibels.

{3) Unacceptable noise
zons. Noise attenuation measures
raquire the approval of the Assistant
Secretary for Community Planning
and Development {See §51.104b%2))

b} Spegial Approvais and
Environmerital Review
Requirements, Erwvironmenial
clearances shall be conducted
pursuant to the requirements of
HIEYs Deparimentat Policies,
Protgction and Enhancement of -
Environmental Quality (38 FR 19182
as agmended) or othar envivonmental
requiations which may be issued by
the Department. The Special
Clearance and Environmental impact
Statement (E1S} threshold
requirements afe hereby modified for
ali projects proposed in the Normally
Unaccepiable-and Unaceepiable
noise sxposure zones ag follows:

{1} Normaitly Unacseplable avise
zong. (I} All projects locatedin the
Normally Unacceptable Nolse Zone
require 2 Spacial Environmantal
Clearance-except an EIS i required
for a proposed project focstedina
largely undeveloped areg, or where
the HUD action s likely 1o encourage
the establishment of iIncompatible
{and uss in this noise zone.
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Agsurmplion Is that
standard construction
provides an averags of
20 L4 attenuation. At 65
Lgp or betow this
amount of altenuation
would be sufficlent to
mest interior level of 45
Lgne Additional
requirements are
designed to meet this
goal even when exterior
noise levets are higher.

Substitute
Endronmental
Agsessment {with ECC
concurrence} wherever
vou see Spacial
Clearance.



fity When an EIS is required, the
concurrenca of the Regional
Adeinistratoc is alec required before
& project can be approved. For the:
purposes of this paragraph, an area
will be consldered as largely
undeveloped unless the area withina
2mifte radius o the projest boundary
ja more than 50 percent developed for
urban uses and infrastructure
{particularly water and sewers}is
available and has capacity to.serve
{he project, _

{iity Al other prolects Inthe
Normally Unacceptable zone require s
Spegial Environmental Clearance,
axcept where an EIS is required for
otherreasons pursuant 1o HUD
environmantat policies.

{2y Unacceptable noisezone. AD
EiSds requirad prior to the approval of
projects with unatceptable noise
expostire. Projecis in or partially inan
Unacceptable Noise Zane shall be
subeitted through the Regional
Administrator fothe Agsistant
Secratary for Community Planning
and Development for approval. The
Asgistant Secrelary may walve the
£48 requirement in cases where noise
isthe only environmental issue and
no outdoor sensitive activity will fake
plage onths site. In guch cases, a
Speclal Environmental Clearanceis
required;

§£51.105 Excaptions.

{a) Fiexibllity fornonrasoustic
bensfits. Whers it 15 determined that
program objectives canaot be
achieved on sitesmeeting the
atoeptabiiity standard of 65 declbels,
the Acoeptablis Zone may te shifted
10.Lgn 700N acaseby-casa basis i all
the foilowing conditions are satisfied:
{1} The project does not raquire an
Environmental impact Statement
under provisiona of section 104(EX1)
and nolse is:the anly enviranmental
e

{2) The project has recsived a
Special Environmental Cledrance and
has recelved the concurrence of the
Environmental Clearance Officer.

(3) The project meats other
program goals to provide housing in
proyimity to employmant, publie
facliities and transportation.

{#) The projest is In conformance
with local goals and maintalns the
character of the neighborhood.

{5} The project spongor has set
forth reasong, acceptable to HUD, as
1o why the noige attenuation
measures that would normaliy be
requined for new construction inthe
Lan 65 10 Lay, TOZONE cannol be met,

When the arealn
guestion isin asmall
community outside an
SMBA and the
application of tha 2 mile
radius rule-wouki be
unréasonabls, anarga
can be consiterad largely
developed I ILis
contigugus to exlsting
development and ,
infrastructurs 15 available
and has capacity to serve
the project. The Assistant
Secretary will review
themon a casedby-case
basis. Inall othercases
“the 2 mile radiual50%
nule still applies.

Cautipn-~every effort
ghould bemade toget
official o
comours—particutarly
for military Installations
and large-air carier
alrports rather than irying
tousathe Noise
Assessment Guldslines.

What this really means {5
that the Sab atfenuation
eequirsment for the 85-70
Lapone is waived,
Primarily intended for
urbas arens where
alternativa silos are not
availabie. Note that all
pondifions must be mat.

These requirements are
vary important. Be caretul
with-design bourvalues;
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{6) Cither sites which ars not
axposed tonolse abiwe Ly, 65 and
which meet program abjectives are
generally not avallable;

The above factors shall be
docursented and made part of the
projact flle.

§51.106 Implementation,

{8} Use of avaitable dafa. WUD field

gtaff shall make maximum use of

nolse data prapared by others when
such data are determinadiobe .
current dnd adequately projected Into
the future and arein termis of the
tolfowing: ,

(1} SHesin the vicinity of
airporie. The nolse environment

arcund alrpons is described

somatimes interms of Noise
Exposurs Foracasts, aborevisted as
NEF or, Inthe Stats of California; as
Commurity Noisa Equivalent Leval,
abbroviated as CNEL. The nolse
snviroiment for siag in thevickity of
alrports for which day-night average
sound levs! data ars not awaliable may
be evalsated from NEF or CNEL.
analyses using the following
conversions 1o DML

DNL=NEF + 35

DAL =~CNEL , _

(&) Sttes inthe vicinity of
highways, Highway projects
récalving Federal aid are subject to
poiseanalysas under the procedures
of the Federal Highway
Administration.

Where suchanalyses arg avallable
thay may be Used 10 assess sites
syubjedt tothe requirements of this
standard. The Federal Highway
Administration employs two-altermate
sound level descriptors: {a) The A-
waighted sourid lavel not exceaded
more than 10 percent of the time for
the highway design hour traffic fiow,
symbolized as L, or (b) the squivalent
sound tevel Tor the design hour,
symbolized as Lgq Theday-night
average sound level may be estimated
trom the design hour L, or Leq values
by the tollowing relationships,
provitied heavy trucks do not exceed
10 percent of tha fotal traffic flow in
vehicies per 24 hours and the iraffic
fiow batween 10 pm. and 7 am. does
not exceed 15 percent of the average
dally traffic fiow in vehicies per 24
hours:

ONL=L,, (design hour)—3 decibels
DNL =1 {design hour) decibels

Where the autoftruck mix and Hime
of day retationships as stated in thig
Section do not exist, the HUD Noise
Assessment Guidelines or other
nolse analysis shall be ysed.




{3} Sites in thevicinity of
instaiiations producing loud
impulsive sounds. Certaln
Depariment of Defense Installations
produce loud impulsive sounds from
artitlery fling and bombing practice
ranges. Noise analyses for thess
facllittes sometimes sncompass sites
that may be subject tothe
fequirements of this standard, Where
such analyses are available they may
beysedon aninterimbasis to
establish the accepdabliity of sHes
under this standard.,

The Department of Defense uses
day-night averags sound jevel based
O i

zed Leosan, for theanalysis o
loud impulsive sounds. Where such
analysas ara provided, the 8 declbet

addition specitied in51.1030), s not
required, and the same numerical
values of day-night average sound
level used on an interim basis to
detérmine site sultability fornon-
impuisive sounds apply tothe Log,,
{4 -‘Use of arpawide acousticel
data. HUD encourages the
praparation and use of areawlide
acoustical information, such as noise
contours forairports. Wheya such
new of ravised contours becoms
avaliable for alrports (civil or military)
and military instaliations they shatl
{irat bereferred o the Reglonal Oitice
{Environmantal Clearance Officer) for
review, evaluation and decision on
appropriateness for use by HUD. The
Regional Office shall submit revised
contours to the Assgistant Secretary of
Community Planning snd
Development for review, evaluation
affectedis'changed by 20 peréantor
mote, or whensver it is determined
thiat the new contours will have a
significant effecton HUD programs,
or whenever thecontours are not
provided in amathodology acceptable
under§51.106(a)(1) or invther cases
wheire the Regional Office determines
that Haadquarters review s
witranted, Forother arsawida
acoustical daty; review Is required
only where existing areawide data are
being utllized and where such.data
have been changed 1o reflect changes
inthe medsurement mathodotogy or
underlying noise source assumptions.

Contours for future noise

levels based on new
construction, mission
changss ete. which
betome avaliable as part
of the Environmental
impact Statement
process shall not be used
umiil the NEPA process is
complete and a declsion
on the proposed action is
mads.

When new orrevised
contours are approved,
rake sure alt interested
paopie in local area are
informed that HUD wili
be using differant:
contours, Make & special
effort tointomn the most
active deveiopers In area
or developars who have
worked with HUD befeare.

‘considerad for HUD use &x

This is aiso requirad for
nolse studies for devel-
opers by consaltants,
whether {o provide
original data, orto
contest existingdataora
HUD analysis, itis
particularly important to
make sure the same
{raffic, vehicle or
oparational data were
psed for each study,
when one study i being
contested.
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Requests for determination on usages
of new or revised areawide data shal|
include the following:

{l} Maps showing old, if applicable,
and new noise contéurs, along with
brief description of data source and
ithodology.

{3} Impact on existing and
prospective urbanized areas and on
developmant activily.

{ill) Impact on HUB-assisted
projects currently in processing.

{iv} Impact on fulure HUD program
activity. Where a fleld offica has
determined that immediate approval
of new areawlide data Is necessary
and warranted In limited geographic
areas, the request for approval should
state the circumstances warranting

-suchapproval, Actions on proposed

projécts shall not be undertaken while
nesyareawide noise data are being

3 ‘ ¢ o8pt where
{he proposed location is affected in
thesame manner under both the old
and new noise data.

(b} Siteassessments. Compliance
with the standards contalnedin
§51.103(c) shadl, where necassary, be
detérmined using noise assessment
guiqelme?é tgnrédbaeks;-!eehnieal
documenisand proceduras fssued by
the Department.

(€) Variations in site noiss
levels. In many Instances the noise
efwironment will vary across a site,
with portions of the site being inan
Acceptable nolse environment and
other portions in a Normally
Unacceplable noise environment. The
standards in §51.103(c) shalf apply to
the portions of a bullding or bulidings
used for residential purposes and for
ancillary noiss sensitive open spaces,

{d) Noise measuremerits, Whare
nolse gssesnments result Inatinding
that the site s borderine or
guestionable, or i controversial,
noise measurements may be
performed, Where it Is defermined
that nolse measurements ara
required, such mesdsurements will be
conducted in sccordancs with
methods and measurement criteria
established by the Department.
Locations for nolse measurements
will depend on the location of noise
sensitive uses that are nearest to the
predominant noise source (see
§51.103{c)).



This provigion shouid be
t:sed with caution. Very
clear and strong assur-
ances that berms or
barriers will be con-
structed shouid be
obialned In writing befors
approval.

Again atso nots that by
definition a barrfer must
be physically separate
from the building or area
1t is providing atfsnuation
for,

The Noige Assessment
Guidstines contaln
pracedures for evaluating
barrier effectivenass.

L, =10 100,

2200 2400
+ [ oo W0 g / 1o [LO+10V10 o |
ferii] 2200 1N

" {8 Profections of nojse exposure.
In addition 1o assessing axisting
exposture, future conditions should he
projected. To the extent possibie,
nolse exposure shall be projected 1o
be representative of conditions that
arsexpected to exist at a time at least
10 years beyond the date of the
project or action under review.

) Reduction of site noise by use of
barms endior barrlers. If it is deter-
mined by adequate anatysis thata
berm and/or barrier wiil reduce noise
ata housing site, and i the-bayrier is
existing or there are assurances that
it will be In place priorio cCoupancy,
tha environmental noise analysis for
the site may reflect the bensfite
afforded by the berm andior barrier.

in the environmental raview
process under §51.104(b), the location
height and design of thve berm andior
barrier shall be evaluated to deter-
mine itz effectiveness, and impact on
deslgn and aesthetic quality,
glrculation and other environmendal
factors,

Appendix to Subpart B~definition of
acoustical quantities

1. Sound Level. Thequantity in
decibels moasured with an
instrurnent satistying requirements of
Arnerican Nationat Standard
Specilication for Type 1 Sound Level
Meters S1.4-1971. Fas! time-
averaging and Afrequency weighting
are to be used, unless others are
specifisd, The sound lavel meter with
the A-weighting is progressively less
senisitive to sounds of frequency
bétow 1,000 hertz (cycles per second),

somewhal as is the sar. With fast time

averaging the sound level meter
responds particuiarly to recent
sounds almost as quickly as does the
ear In Judging the loudness of a
sound,

{2) Average Sound Level. Average
sound level, In decibels, is the level of
the mean-square A-weighted sound
pressure during the stated time
period, with reference 1o the square of
the standard reference sound
pressure of 20 micropascals.

86400
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"When projections for

airports are based on new
gonstruction or similar
actions the likslibood
that such rajor action
will- actually take place
shouid be carefully
evaluated. Thisis
particularly imporiant i
local funding is required.
Check 1o see H initial
actions such as land
purchases, honds ete.
been taken. If projections
agre just basad on
expanded traffic levels
make gure they ard
reasonable for the area.
Projections for smaller
communities are often
overly optimigtic,




_Hme { Is in seconds, so the limits
shown In hours and minutes are
aetually (nterpreted In seconds. Lall)
Is the time varying value of A- '
weighted sound lavel, the quaniity in
decibets measured by an Instrumeant
satisfying requirements of American
Nationz! Standard Specification for
Typa 1 Sound Level Meters
S1.4-1971, _ : _

3. Loud Impuisive Sounds. When
loud impuisive sounds such ag sonlc
booms or explosions are antlcipated

contributors {o the nolse environment

.at asite, the-contribution to daynight
averagesound leved produced by the
loudimpuisive sounds shall have 8
decibols added to it in assessing the
aceplabllity of asite, _

A loud Impulsive sound I defined
tor the purpose of this regulationas
one forwhigh;

{) Thesound is-definableasa
discrete event whereln the.saund level
Increases toa maximum and then
dacreases Inatotal time interval of
approximately one second or less fo
the ambient background level that
existz without the sound; and

{if} The maxtmum sound level
{oblained with slow.averaging time
and A-welghting of a Type 1 sound
level meter whose charactedstics
comply with ANSI §1:.4-1971) exceeds
the sound leve! prior to the onget of
the event by st lsast S decibels; and

{iti} The maximurmn sound level
obtainad with fast averaging time of &
sound level meter exceeds the
maximum valug obtained with slow
averaging tirne by at least 4 decibels.

Issued at Washingion, D.C., on July

5, 1978,

Patricla Roberts Harris,
Secretary of Housing and Urban
Devsivpmeni,

{FRDOC. 78-24481 Fited 7-11-790, 8:45-
pid

)}
BILLING CODE 4210-01-11
“Quiz on the Noise Regulations
Guastions

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

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

3. Whatis HUD's Interior noise
‘goal?

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

5. Who approves projects in the
Unacceptable Zone? o

6. What niolse descriptor is used to
express noiss lovels In the
regulation?

7. How are loud Impulsive sounds 1o
be evaluated?

8. Atwhat point on abuliding's
exterlor arg sound levels to be
determined? _

9. What isthe basic assumption
behind thiratienuation levels
roquired? _

15. What type of attenuation
measures aze preferred?

1. When stould bullding attenuation
measures ba considered?

12. When arg E18's required?

13. When I3 an srea cunsidered
“largely undeveloped"?

14. Whatis “Flaxibility tor Non-
Acoustic Bopefits™?

15. Six conditions ara listed for
walying the attenuation requirement
under the FlexIbitity for Non-Acoustic

Berwfils provision, how many mustbe

met for thewalver to ba granted?
18, Who has the authority to grant the
atlenuation requirements walves
under the “flexibility” provision?

17. Whait nolse descriptors other than
ONL are aoceptable for alreraft nolse
comtours?

18. Who nommally approves arsawide
noise data such as alrport noise
contours? _

18, Hasiteis partially Inthe
Unacceptable Zong and partialiy in
the Normally Unacceptable Zone,
which reviaw and approval procsdiras
2pply? N

20. When should nolsa
measurements be used in lisu of
areawlde data or Nolse Assessment
Guidelines caiculations?

Quiz on the Nolse Hegulations
Answers
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Chapter3

Major Policy and
Implementation Questions
Related to the Noise
Regulation

As ragulations are appiled in the teld,
it is inovitabla that guastions will
arise. 1t is, afterall, very difficult to

_ anticipate svery sttuatton wheén

préparing 4 regilation. Sometimes.
the questions relate to. speciticand
unitue situations of limited interest
to anyone bt the office fnvolved.
Other questions, however, raise
tssues of mare general concem. In

‘this sectian we have brought together

the most important and most relevant
questions that have arisen since the
noise reguiation went into eftect In
Augist of 1979, We have used a
question and answer format for your

convenignce.

Thefoilowing are the topics includod:

1. Noise projections for clvilairpons
2, Dafinition of intHl for small towns
3. Arsawide ElSwalvers

-4, Requirements for modemization

and retabititation projects
5. Useof berms and barriers as

“atienuation measures

6. New and revised airport nolse
eonhtours

1, How valid and useful arg civil
alrpart nolse projections that show
signiticant reductions in the amount
of lang exposed to high nbise léveis?
Shotld wa be suspicious?
‘Contours that show significant
reductions in the area sxposed to
high nolse jevels may saem
questionable, but, according to the
Environmental Protaction Agency,
theyrmay be' quite aocurate. The EFA

‘doas expatt 10 see same significant

reductions in the numbet of people
exposed tohigh levals of alrcralt
nolse over the next 15years. In their
report Avialion Noise: The:Next
Twenty years, EPA stated that they
axpected to gea the number of peopis
exposed 1o levels of 65 Ldn or greater

- ta drop from 21075 Hoirs of 5,550,000

1o about 2,550,000 in the year 2000.
Muctyot this reduction would coour

- during the period 18801985 with

more modest decreases thereatter.
The reductions are-axpécted to rasult
from the Federal Aviation
Administration’s cufrant nolse
tertification requiremants, even with
up o 100% increases in alrcraft
operations. {Current certification
requirermnents ars for alf new.alrcraft
{o achieve stage three noise tovels
and all oider airgraft ko achieva stage’
$wolevals by 1985 Progress has been
good in meating these requirements.)
ingeneral then, you should not be
surprised to seg significant
reductions in contour sizelf the
following conditions arne met:

= thedecredsein sizeis no more than
50%; o

» the Incraase in operations lano
more than $100%; and

» FARstaged alrcraft such ag the
B757 and BT67, are Included in the
fieet mix, but not ta the total
exclugion of all other aircraft.
Assuming that the contours are
otharwise technically cormect,
significantly smaller contours should
be acceplsble.

i¢

2, Many small towns arent big
enough fora peoject ta meet the
definition of inflil contained in section
81,104 (X 1K1}, However, a project
logated in the heant of town can harcily
be considered tobe inalargely
undavaloped area. Must an EIS be
prepared?

Not necessarily, )if the jurisdiction
inwhich the project is located is not
part of a standard metropolitan area, 8
project may bs considered Infill it it is
within or Eontigucus 10 the alteady
developed areaand infrastructure
{particuiarly water and sewen is
avaliable and has the capacity to
serve the project. it must slso ba clear
that the project will not encourage the

-astablishment of other incompatible

tand vzas in the nomally
unacceptable nolse zone:
- Wyou believe 5 project mests these

'aﬁteria. submit docurnentstionto the

Otfics of Environmeant and Energy for
their review and determination.

3. What can we do to reduce the

procedural burden when, 1or avariety

¢f reasons, the Department expects
tobe aonsbdedﬁg anumberof
projects inan unacceptable noise
zone? Mast of the projects would
probably qualify for an EIS waiver, but
how can we avold (illing repatitive,
individuat requests?

While tha number of cases where
the Depariment would be seriously
consideting a numnber of projects
exposed tounacceptable nvise levels
in the sama jurisdiction is likely 1o be
fimited, there is an alternative {0
individual processing In those
situations. The allernative is to issus
an arsawide walver for theentire
aftected jurlsdiction. Such a walver
can ba.usaful when the undcceptlable
ntise zone haavily imypactsa
substantialy devsloped community
with iimited site allernatives. {in most
sases we would expect that the ndise
source would be afrciaft, but in very
smiad towns it is possible that a
heavily used rall Hine coutd eréatea
{arge unacceptable noise zone.}

An areawide EtS waiver would, of
course, have to have a more detatled
envhrommiental asgessment than an
individual project request, and there
are other special processing sieps.




But i you have a situation whera you
think the Department has 4 good
reasonto expect 1o process & number
of projects within the uracceptable
noise zone, there is an altermative to
Individual EIS waivers: Contact the
Office of Environment and Energy for
detalls on how to reruest the
arsawide walver.

4. Whatexactly arethe processing
fequitements. and general poicies Tor
moderiization-and rehabliltation
projects? Does secton 51.104 apply to
thom as well a5 to new construction?
The noiseregelationis a bit confusing
onthis,

Yes, the nolse regulation is a bit
confusing on:this question. We have
spen several inglances 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. |t
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:

+ modermnizationand rehabilitation
projects ara 1o be prosessed by the
ot of fices regardiess of tha nolss
zone.

= EIS's are not raquired for
modernization and rehabilitation
prolects unless 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 bartiers
ars the preferred type of nojse
attenuation because of the protection
they provide for outdoor fiving areas,
butwe nead some further guldance 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 aolva
Vary high noise barriers cancreate
significant aesthetic and financial
problems relative to the noiss bonoflt
{o be achieved. Barriers gan block
light, hinder natural ventilation, create
an unpleasant sense of being walled
in, anhd can be very inatiractive. In
addition, barers dorequirs
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 praclicable 1o propose a 20 foot
high barrisr only 15 fest from the reer

of atwostory buiiding? Granted it

wotld 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 nolse levels n those
outdoor areas that people use. The
secondary purpose is to reduce the
nead for siructurat attenuation.
Therefore, the barrier should dnly be
as highas is necessary to protect
those areas. Structaral 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
than udiding attenuation measures,

20

get the word out. At the very

6. What should we be doing once we
have processed new or reviged
alrcraft nolse contours andiheyhava
bean approved for uss?

The most important thing you can
do once new or revised alroratt nolse
sontours have been approved for ysa
Is to tell the people who are most
likely to be affected by the change. i
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 inthe \ﬁcinity of the noise

areas, Make sure you notify
busilders and de whi have
large scale pmjects ihat you have
been processing in sections. Go back
and check youir Hles 1o flnd them.
Even though you should have done an
overall environmaental feview of the
projact at the time the first section
was submifted, the approval of
incividual sactions is dependant-on
the nolse lévels at the time that
section is submitied.




Chapter 4
Noise Atienuation

Introducton

HUD's noise policy (24 CFR 518}
clearly requires that noise attenuation
measures be provided when proposed
projacts are to be located in high
noise areas. The requirements set-out
in Section 51.104{a) are designed to
insure that interiorievelsdonot
exesed the 45 Ly, level established as
agoal in-Section 51.304a)0) Thus, In
sffect, it the exteriof noiselevel 1385
tanto 70 Lys, 25dbofnoise -
attenuation must be provided; if the
exterior noise level Is between 70 and
75 Ly, then 30 db of attenuation is
required. Likewise, for projects
proposed forareas where nolse levels
excead 75 Lgy; sufficient attenuaton
misst be provided to bring Interior
Igvals down 10 45 Ly, or below.,

There'ars hiree basic ways to provide
the noise attenuation required:

1. the useof barriers or berms
2. site design
3. agoustival constriiction

01 these, only the first two provide
any improvement in tha exterior

envitonment. Because HUD cohsiders

aqulet exteriorenvironment to be
important, we pretfer the use of those
measures that reduce exterior lavels
as weil as interior levels. The use of
acoustical construction by itsaltis,
theretore, the least preferred
alternative since it onty affects the
interior levels. While-we recoghnize
-that in many cases barriers or site
dasign cannot provide all the
attenuation necessary, you should
‘tombine them with acoustical
construction whenever possible.

Your responsibility 28 a HUD staff
memberisto:

« make surs the project sponsor or
developer is aware of the attenuation
requirements for the project.

+ make the spongorawarp of the
options available

and

s review attenaation proposals 1o
make sure ihey are adequate.

Whille it Is not your responsibility to
provide detailed design assistante to
the sponsor or developer, you should
know enough about the altenuation
options to give kim or her a basic
understanding of what musat be done.
in many cases, you may be ableto
reassure the sponsor or developer
that the necessary attenuation can be
achieved through the use of common
construction techniques or matarials,
Or you may be able o point cut how a
simple site design change can
achieve the desired result without
aditionat cost.

The following sections arg
designed to provide you with the
information you wilf nesd to fulliil
your responsibiiities, Bach
atlenuation approach is discussed
botty in terms of basic concepts ang in
terms of what to look for inreviawing
attenyation proposals. The
dlscussion toes assume that you
have a working knowladge of the
Noise Assessment Gujidelines. if you
have not- worked with the Guideiines
‘before.or ot racently you may want to
go-back and review them, particularly
the seefion on calcutating theetects
of barriers.

Barrier Noise Reduction
Concepls

{The folipwing, with some editing and
witty some additional graghics, is
taken from the Fedéral Highway
Administration’s Noise Barrier Design
Hangdbook .}

When no obstacles are present
between [a source] and adjoining
araas, sound travels by a direet path
from the “sources™... 1oithe}
“receivers™..., as shown in Figure 1.
ntrodyction of a bartier between the
source and recelver redistributes the
sound energy into severat {indirect]
paths: a diffracted path, over the top
of the barrier; a transmitied path,
through the barier; and a reflected
path, directed away from the receiver.
These paths are alsc illustrated In
Flgure 1.

Woise Barmier Design Hantibook LS Department of
Trargpactition, Federal Highway Administration;
Fabrusty 1976, (FHWA-HO-76-50).
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Barrier Dilfraction and Attenuation

Consider an infiniiely long, infinitely
maseiva nolse barrier placed between
& highway and the recelver. Figure 2
Rlustrates a cross-section through
such & zonfiguration. [in] this
axarnple, the only-way that sound can
resich the receiver is by banding over
the top.of the barrfer; as shown tn the
figure. The bending of scund waves in
this manner over an cbstacte ls
known a8 diffraction. The arealn
which diffraction oceurs behind the
barrigr is Known a8 the “shadow
zone:" Thestraight path from the
source over the top of the barrler
torms the boundary of this zone,

Al receivers located In the shadow
zone will experience some sound
attenuation; the amount of
atteriuation is directly refated to the
magnitude-of the diffraction angle¢.
Az ¢ Incredses the barver atfenuation
increases, The angle $ will increase if
the barrierheight increases, or it the
sourceor racelver ara placed closer to
thebarrier, Clearly than the barrler
attenvation is atunction ol the
gaometrical relationship between the
SOUrCE, recelver, and barrier, One way
of relating ihese parameters tothe
barrier attenuation is to defing the
pathdength différenice as shown in
Flgure 3. This parameter is the
ditferencein distance that the sound
must travel indiffracting over tha top
of tha barrier rather than passing
diregtiy thiough it.

Jeithe preceding discussion it was
assumed that the barrier was
“infinite"; i.e,, fong enough to shield
the recelver from all sound - sources up
and down tha highway. For short
barrigrs, the sttenuation ¢an be
senousiy tirnited by he sound from
sections ot highway beyond the
barrier's ends, which are unshislded
from the receiver, 45 shown in Figure
4, Simtlarly, when there are large gaps
in the bartiar{to perrit acoess, for
examplé), seund from the unshislded
section of highway adjacent ta the
gap can greatly compromise barrier
attennuation, sapecially for those
receivers close to the opening.

Figure 2
Barrter Difirapilon

QU

Figure 3
PathLangih
DitforentaézA+ B4
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Barrier Tranamission

in addition to'the sound that travels .
over the top of the barrier ta reach the
recsiver, sound can travet through the
barrigr itself. The amount of sound
“trarsmission’” through the barier
depends upon factors relating to the
barrier material (such 15 itz weight
and stitfness), the angle of inet
of the sound, and the frequency
spactrum of the sound. Oris way of
rating a roaterial’s ability to tranamit
nolse is by the use of A quantity
known as the transmiasion loss, Tt.
The TLis related to the ratio of the
incldent noise énergy to the
transmitted noise energy. -
Transmissioh ioss values are
normally expressed in decibels and
represent the amiount nolse levels wiil
be reduced when the sound waves
pass through the material, Tha higher
tha TLvalus the less noise
transmitied through the materal,
Typically, the TL. value improves with
increasing surface welght pf the
‘migterial. ‘ ) o

The nolse reduction provided by a
barrier can be severely compromised
i the TL value of the malerial permits
tao-much noise to-pass through the
barrier. This is due to the Tact that

when attenuation I8 a functionof iwo

ormore factors, the noise level at the
measurement point is actually the
combination of the reduced noise
tevsis resalting from each attenuation
factor. For exampis, witha typical
harrier the nolse levels are reduced by
{1y sound wavas belng diffracted over

* ik barrer and (2} sound waves:
passing through the barrier, The noise
levelat theracelver point is the.
combination of the attenuated levels
resiuliting from eachratienuation step.
itihe starting nolsa ipvel Is 85db.and
the noiselevel is reduced 10 db when
the sound waves pass through the
barriar then the attenuatad loval
redching the recslver is 55db. if the
attenuation provided by the sound
waves being diffracted over the
bartar 15 also 10 db then the
attenuated el reaching the recelver
along that path is 55 dbas well. Using
the table in the Nolse Assessment
Guidelines t6 combine the two
individual altenuated levels, one finds
that the combined aftenuated lovel Is
actually 58 db. Thus even though the
attenuation value of sach altenyation
step was 10 db, the actual reduction
tor the recaiver is only 7 db. It s,
howaver, a function of the way rnoise
levals combine that if the difference
between levels is groater than 10db &
does not affect the lovels, Asa
peneral rule, therefore, it the TL value

is &t least 10 dB above the attenustion
valye resulting from-diffraction over
the top of the barrier, the barrier noise
reduction will not be significantly
afiected by transmissiorn through the
barrer (decreased by less tharn 0.5
dB}: For many common matarials
used In barrier construction, such as
concrete and masonty blocks, TL
values are usuaily more than
adequate. For less massive materials
such as steel, sluminum and wood, TL

Barrier Reflections

As shown in Figure 1, sound energy
<an be refiected by a barrier wall. For
the configuration shown inthat
ﬂgura, 1hs reflected energy does not

-attect the recaiver, but mayafect

recelvers located to the left of the
highway. Howaver the (ncrease in
noise level for these recelvars would
be less than 3 dB, bacause this single
reflection can at mest double the

values may not be adequate, ‘sound energy. (Remembar how you
particularly for those cases where combine nolse levels? The most you
large attenuations are required.(See  add Is 3 db when leveis are the same)
Table 1 foratist of typical TL values,) The situation is entiesty ditferent,
Evenif a barrier material is massive  howaever, when a.double barrier
enough to prevent significant sound  situation is involved (refer to Figure 5).
transmission, the barriér nolse In addition 1o the energy that reachies
raduction can be severely the receiver by diffraction over the top
compromised If there are holes.or of the barrier, if the barriar walls are
openingsin the barrler. For large reflective, additiona) sound anergy
openings, sound energy incident on ‘carireach the reCelver by areflection
the barrier will ba direGlly transmitted  from the left wall as ustrated in the
through the opening fo thoreceiver. figure. The same principles apply
When the opening is small an when there is a vertica) retaining wall
additional phenomenon occurs:upon  opposite a noise barrier; similarly, Ina
striking the barrierwall the stung deep vertical cut the opposite walls
pressure will ingrease, resultingInan  will create mulliplarefiections.
amplification of the transmitted It the barrisr walls are nol perfectly
sound to the receiver. Thus, the refleciing but absorb some of the
presence of openings or holes may sound energy, the contributon of each
serlously degrade the nolse reduction reflection Is decréased by an amount
provided by otherwisa sffective. that depends upon the absorptive
barriers, characterlstics of the barrier, For very
hard, reflective surfaces, the
absorption characteristics are very
poor. Although-a sertous degradation
in bartier performance may result for
the double barder situgtion, use of
materials with good absorption values
will usually recover ail of the fost
ftse reduction,
Eigura 5.
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It shauld be mentioned that the use
of barrier walls with sloped sides
(forming angies of grater than 1015
degreas from the vertical) will also
generally eliminate moltiple
reflactions. lise of earth herms is
particularly appropriate to accomplish
this, Sloped barrier walls witl require
more material to achieve a dasired
height than a vertical wall, while
barms will require greater right-of-way
tharn a thin wall,

Ground Effects

Conslder again the divect path of
sound from the sourca to recelveras
illustrated in Figure 11n the absence
of anyobstatles, For sources and
receivers located close to the ground,
in addition 1o this direct path sound
energy may reach the recaiver by
reflecting off the ground. When the
terrainis refatively hard &nd flat, such
a reflsction will add to the noise from
the direct path to increase the level at
the regeiver. However, when the
ground 1s soft, there may be a phiase
reversal upon reflection such that tha
nolze from the ground reflection path
will destructivaly interiere with the
noisefrom the direct path resulling in
a significant reduction In nolse lavels
at the reoetver,

This reduction in tavel, known a8
ground-sifect aftenuation, is in
excess of the 3dB per doubling of
distance propagation ioss fora'line
souarce of noise arxl ocours only above
soft absorptive ground {such as
normal earth and most ground with
vegetation). Over hard ground{suchas
concrels, stone and very hard-packed
varth)these effects do-not ooour,
Those effects are most apparent for
repeivers on theground floor, and
decrease rapidiy as recelver haight
above ground increases.

While ground absorption effects
are not coinplately understood, itis
penerally betleved that thess effects
gocount for the 4.5 dB per doubling of
distance propagation joss observed
over soft ground, as compared tothe
3dB propagation loss ocbserved tver
hard ground. The implication with
regard to barrier design [s that
placemant of a barrier over soft
ground between source and receiver
will redirect the sound over tha top of
the barrier, thus destroying the
ground reflestion and the additional
1.54B per doubiing of distance
attenuation. Thus, the barrier must be
designed 1o provide mors redudction
than would otherwise ba nacassary,
o compensate for the lost-ground
efiects over absorptive ground.

8

Summary _
(From: Degign Guide, Nationa! Bureau
of Standards®)

In summary, the following can be said
about noise barrlers.

¢ [f abarrier does not biock the line-
of-sight betwsen the source and
receiver, the barrier will provide fittle
or no attenuation.
* i aharrier is construsted ofa
material with g surface welght density
greater than 4 i/H® and there are no
openings through the barier,
transmitiad sourd wiil ysually be
negligible.
+ {f thera are openings totaling over
10 percent ormore of the barrierarea,
barrder attenuation will be negligible.
s CHfracted sound is usually the
most important aspect in estimating
barrier attenuation,
* Retiected sound can be impertant
tor recelvers on the source sidaofa
barrier, but it mrmallr is not a factor
for receivers on the side opposite
trom the source. Henca reflected
sound is ugually not impaoriant to your
buitding and site,
* Transmission of sound around the
ends of the barrier can be critical if
t:re borrier included angle is less than
70°,
* Barrierattenuations greater than an
A-welghted sound level difference of
10-dBare difficuit tc obtain.
* For two or more bariers in
geries,” consider onfy the *dominant”
barrier.
* Assume no attenuation fora

recelver located beyond theendof a
barrier,

Reviewing Barrier Proposals

An effective barrier s ons which
reduces the noise levet behind the
barrier to 65 Ly or lower. it a barrier
can reduce the exterior polse Ievet {o
85 Lan, ther standard construction
techiniques should be sufficient to
insuse an interior lével of 45 Ly, or
below, Therafore, if you determine
that a proposed barrier is adequate to
rexduce the exterior noise level 1085
Ly then no additional attenuation
measures should be necassary.

'Design Guite for Reducing
Transportalion Noiseinand Arpund
Bulidings US Department of Commerta,
National Bureau of Blandards, Aprit 1978,
{Building Scienca-Saries R4)
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There are four things to check when
deterroining the adequacy of a
proposed barrier:

1. Isithigh encugh?

2. isit fongenough?

3. 1s it made of the right mederialg?
4. 1s it property constructed?

is It High Enough?

in order tor a barrier to be effective it
must be at least high encugh to break
the line of sight between the source
and the raceiver. inthe Noise
Assessment Guidelines you will find
the procedute for determining how
much attenuation is provided by
barrier 6f & given height.

In general, barriers and berms are
most effective for one and fwo story
bufldings becausa a relativsly jow
barrier can often provide the
sttenuation needed. The beight that
might be reauired 16 provide
attenuation for much taller buildings

s often not feastble for either cost

or agsthetic reasons, However, even
if a barrier can not be made high

“enough to sttenuate the upper fioors

of 8 muitistory buliding, it may still
be abis to provida some protection
far outdoor recreational areas,
Before discarding ihe barrier ides
check for this possibility.

i you find that the barrier as
proposed is too short to be effective
but the sponsor or developer telis
you that he or sha can not make the
barrler any higher, there are some
alternatives you can suggest. There
are ways o get more attenuation out
of gach foot of overall height.

As a general ruls, barrlers work
tetter the Closer they are 1o the
source. Figure 8 shows a barrier that
does not block the line of sight at ali
when it'is located next to the
receiver, yet I3 quite tall enough
whern located next to the source.
Thus, if the sponsor or developer
can not rake the barrar any taller,
perbaps. be or she can move i closer
1o the source.

Anciher way o get more
attenuation without increasing
overall barrier height 18 to hend the
top of the barrier towards the'
source. Figure 7 shows a case where
a barrier built perfectly straight
provides 8 dB of aftenuation. A
barrier with the sarse overall haight
but with & 45 degres bend towards
the source provides 9.5 dB of
attentgtion. Thus i the project
spingor or developer wants 1o keep
the overall heighl of the barrier
down, he or she can stlll increase
the attenuation provided simply by
bending. the top.



Figure 6
Etact of Movieg the Banrler
Closer to the Source
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Thus, i your review of &
basrier shm H to be too sﬁ&m ggtd
it can not be made any higher,
suggest that the barrier be moved
closerto the scurce or that it be
bent at the fop, or both.

iskLongEmg_h?

Once you have established how
much atteniation the barrier
provides due to its neight, you must
determning if tha length of the barrier
compromises that attenuation lavel,
Again, the Noise Assessment
Guitlelines contaln & procedure for
calculating the effect of barrier
length.

If you find that the barrier is tog
short but that there are limitations
on how long 1t can'be made, there

-are, a5 there were with Darrier

heights, scine recommendations you
can make on how to improve the
effectivenass of the barrier,

Again, if you hend the edges of
the barrier, ihis time towards the

receiver not the sGurce, you will

increase the affectiveness of the
barrier, Figiire 8 shows how much &
barrler's efféctiveness can be
mproved by bending the edges.

You can alse improve the
effectiveness of the barrier by
maving it ¢loser 16 the receiver.
Figure © shows how much a barrier's
effectivaness can be increased by
moving it closer to the recelver. Now
obwiously, this creates a contlict
with what we salg eariior abowt
maviag the bairier closer to the
sourca. Clearly sach case will
require a different compromise. i
height is not a Hmiting factor but

“fength Is, you might recommeand fo

the project sponsor or developer that
the barrier be movad closer o
recelver and the height increased ag
nécessary, if the reverse i5-true, you
woutd want {g recommend the
opposita. if both héight and length
are limited, then the sponsor or
geveloper must find that pptimum
point where the effeciveness of bath
the barrier height and the barrier
fength Is as high as possible.



Figure § ‘
Effect of Bending the Edgas of Barrier
{Both Barriers have Poterdial Value of 10dh)
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Is it Made of Tha Right Materials?

Even if & barrier Is high enough and
ong enough, its effectiveness can
be severely reduced if It s made up
of lightweight materials that easiiy
transmit sound waves. In the
preceding section on barder
concepis we tatked about how it the
transmission loss value for the
barrigr- material was not at least 10
db higher than tha altenuation value
of the barrier based on length and
height thers would be 2 significant
reduction in the effectivenass of the
barrier.

Thergtore, once your have
calculated the basle attenyation
potential of the barrier, you must
sheck to make sure the proper
material is belng ysed to buikd the
barrier. Table 1 lists the
transmission 1083 values for
materisls sommonly used in barrier
censtruction. Ongs you have found
the transmigsion loss valus for the
materiat being used, go to Table 2,
Read down the column with the
transmiasion loss for the material at
its top and across the line that has
the attenuation potantial for the
barrier listed. Where the two
intersect you will find the actual
attenvation capability of the barrier,

If you find that {he cholce of
material has severely reduced the
effactiveness of tha barrier, you
should recommend that the sponsor
or daveloper select another material,

Is 1t Properly Congtructed?

Holes or opanings can substantially
reduce the effectiveness of a barrier.
-Akbarrier that has openings totaling
50% or more of its total area will

-provide no-atienuation. A bamier that

has openings totaling 10% of its total
area has a maximum attenuation
value of approximately 4db. That is
44t no matter how high, how long or
how thick the barrler. So you can §68
that It is vary important that the
barder is made of solid materials and
that it is tightly constructed. In
general thes intended openingsina
barrier should equal ng more than 1%
of total area and the consiruction
specifications should raquire that all
joirits are tightly sealed.



Flgure 9
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A Final Note

One thing shoutd have becoma clear
o you as you have been reading this
spction, and thatis that-tn ordar for
you to-adequately review g project
&ponsor or developer's proposed
barrier you must be given faidy
specific information about the exact
dimensions of the proposed barrder,
the type and thickness of the barrder
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 evatuation that could be far from
aceurate. Make sure you make i claar
tothe developer or sponsor what you
need to have,
Atterusation
Barrier 8 ™ Value:75db
Receiver
Tabie 1 _
Trangmission Loss Value for Common
Sarrior Matorialy
Thickness;, Transmission
Waterial {inches} Loas, aBA (1)
Woods Concrets, Lamina w4 21-23
Magoney, eto, g?a;!{cwmd
Fir :’2 g Light Lamina on 4 21-24
Pine 1”7 16 ' 8 »
i 19 Donse .
2 = Concrele 4 40 _
Rediwood i 1% ‘Concrete Miscstianeons
1 19 Block g g
2 2 ) } Glass
Codar 12 1 s o ® % Glass) 1 22
s 32 2 e 4 R re "
Pl iz {Shattampraof -
1 23 Maschite 112 .
Particie _ Fiberglass/
Board W2 x Composites Resin 8 20
Stucco on
Aluminum gem iath 1 a2
Metals ;m 4 2923 & { 4 220
i . Alurniman AgOIegaie
Aluminum 15;6 2@ Faced 4 21-23 Surface
114 2t Particle
Staol va 18 B 33“
Re % ° e e
Lead 1B 28 Hendbook, FHWA
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Table 2

Noise Reduction of a Bander 85 a
Function of Ha Transmission Loss
Designed Tramission Loss, 4B of Materials
Altesuation, ¢8
{from helght} 0 1% 20 25 'l
and jangth)
5 38 48 48 50 50
;] 45 55 LY. 80 B0
7 5.2 64 (5 88 74
8 58 72 .7 18 80
2] 85 8.0 8.7 83 20
19 0 a8 98 95 100
1 15 85 105 108 Ho
12 78 102 1A 114 "y
1B 82 108 122 27 129
14 85 s 130 a7 139
15 83 129 138 5 149
16 an 125 145 185 158
7w 92 123 152 ii-% 158
18 a4 132 158 172 177
19 95 s 165 18.0 187
b a8 138 244 183 196

Souroe: Noisp Bamier Design Handbook, FHWA



Acoustical Site Planning
Concepts

{This section, with some editing, is
from The Audibie Landscape, FHWA Y

The arrangement of buildings ona
site can ba used to minimize nolse
impacts. ¥ incompatible land uses
aiready exist, or if a riolse sensitive
activity is planned, acousticat site
plahning often provides a sucsessiul
technique for noise Impac! reduction,

Many site planning techniques can be
empioyed to'shigld a residential
development from noise. These can
inghide:

1. increasing the distance bietween
the noise source and the raceiver;
2. placing noise compatibie lapd
uses such as parking lots,
maintenancetacities, and ulility
areas hetween the scurce and the

Fiw; 10 _ _
tiseln { io

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

3. tocating barierdype bulldings
paraliel to the nolse sourcarthe
nighway; and

4. orienting the residences away from
tha noisa.

The implamentation of many of the
above site planning techniques can
ba combined through theuse of
cluster and planned unit devslopment
techniques.

Distance

Noise can be effectively raduced by
increasing the distance betweena
restdential building and a highway,
Distance itgelf reduces sound:
doubling the distance froma nolse
soufte can redurs iis intensily by as
much as 34BA. In the case of highrise
buildings, distence maybe tha only:

means, besides acoustical design and
construction, of reducing noise
impacts, This 1s because it is naady
Impossibie to provide physical
shielding for the higher storiés from
adjacent noisa; '

Nolse Compatible Land Uses as.
Bufters :

Noise protection can beachieved by
locating nolse-compatibie land uses
between the highway and residential
units. Whanever possible, compatible
uses should be nearest the noise
soures. Figure 10 shows a proposed
parking garage along iwe sidesof a
development in Boston, Boththe

‘TheAudible Landscape: A Manys for
Highway Nolge snd Lang Use, U5
Deapartment ol Transportaticn, The Federat
Highway-Administration, Novermber 1874,
{GPO Stock Numbern: S000-00078 )

/{S\

- /
£

P




Fitzgerald Exprosaway and tha
emrande tothe Caliahan Tunnat
which are shown on the site plan are
major and noisy traffic routes. In
addition to-protecting the resicential
development from the noige and dint
of lighway traffic, the parking garage
providas needed faciiities for the
residents.

Bulldings as Nolge Shields

Additional nolse protection can be
achleved by arranging the site planto
use bulldings as nolse barrlers. A fong
buliding, or a row of buildings paraliel
to a highway can shietd othermore
distance structures or open arsas
from noise.

1t the buliding belng used as a
barrier is sensitive to highway noise,
the building iself must first be
soundproofed. This technicue wss
used ina housing project in England
where a.3,900 foot iong, 18 foot wide
and 45-70 toot high wall idepending
oh the terrain) serves as both
residence and 3 sound shisid, Tha
wallbuilding witl cordain 387
apartments in which the kitchens and
bathrooms are placed towards the
noise, andthe bedrooms and lving
ooms face awsy from the highway.
The wall facinig the highway will be
soundproofed and windows, when
they exist, are sealed. Substantial
noise reductions are expected.

Orienlation

The orientation of bulldings or
activities on a site affects the impact
of noise, and the budiding or activity
area may be griented in such away as
10 reduce this impact,

Neise-impacts can be severe for
rotms lacing the roadway since thay
are cloaest1o the noise source. The
noige impact may also be great for
rooms perpendicular 1o the roadway

Flgure 1
Tonventional Grid Subdlvision
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becauss (2) the noise pattern can be
mora annoying in perpendicitar
rooms and {b) windows on
perpendicular walls do not reduce
noise as effectively as those on
paraliel walls because of the angio of
the sound, Road nolse can be more
annoying in perpendicular rooms
because it is more extreme when it
suddenly comes In ang out of earshol
as the traftic passes around the side
of the bullding, rather than rising and
latling ina continuous sound, as it
would if the room were parallet to
passing vebicles. _
Whether the noise impact is greater
o the perpendicular or the parallel
wall wiit depend on the specific
individual conditions. Once the most
severely imipacted wall orwalls arg
determined, noise impacts may be
riiviimized by reducing or eliminating
windows from these walls.
Buildings can also be oriented on a
site in such a way as toexplol the
sHie's patural features, With reference
to noise, natucal topography can be
exploited and bulldings placed in low
naise pockets if they exist. # no
natural nolse pockets ekist, s
possibie to create them by axcavating
pockets for buildings and pifing up
earthymounds between themand the

© nolse. Such a structure would

obsinuct the soumd paths and reduce
the noise impacts on the residences.

Flgure 12
Flacement of Noise Compatibie Uses Neara
Highwiay ina PUD

Cluster and Planned Unlt

A cluster subdivision is one in which
the densities prescribed by the zoning
ordinance are adhered (o bid ingtead
ot applying to each Individual parcet,
they are aggregated over the entire
site, and the land |5 deveioped as a
singie entity. A planned unit
devglopment, or P.U.D., is sinilar but
changes in {and use-are included,
such as apartments and commercial
faciiities inwhat would otherwisa be a
gingiadamily district.

From Figure 11 it can be seen how
the conventional grid subdiviston
affords no nolse protection trom the
adjacent highway. The first row of
houses bears the full impact ot the
noise. incontrast, the tlusterand
P.uL. techniques snabls open space
and commercial uses respectively to
serve as nolse buffers. Examples of
his are ghown in Figures 12.and 13. A
word-of caution is necessary:ina
cluster development, therequired
open space can belocated noar the
highway to minimize nolsa to the
residences. Howsver, many recreation
uses ars nolse sensitive; snd when
one takes advantage of the flexibility
of cluster developmiont to minimize
noise, care must be {aken not to use
atl of the avallable open space in




buffer strips, thus depriving the
devaiopment of a signiticant open
space area. Where high nolse levels
exist, a combination ofbuffer strips
and other technigues {such as berms
and acoustical sound proofing) can be
employed,

Tha flexibility of the cluster and
planned unit development techniques
aliows many of theaboya sits
planning technlques to be reallzed
and affective nolse reduction
achieved.

Reviewing Site Plans

Bt i Aoed

then raviewing site planc wio
determinaif the revised site plan
provides adequate attenuation for the.
noige sensitive uses:

1, Is the separation between the
source and the receiver great enough?
2. If noisescompatible bulidings are
baing ugad as barriers for other
bulldings, are they adequate barriers,
i.e.,are they long enough and are they
high enough? (And, if the bulldings

Figum13 " "
sy Placed Neara H a

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

In order to determine whathor the
proposed sita planchanges will
provide adequate separation between
the source and the regelver; you
simply go back to the Noise
Assessment Guldiines provedures,
You tan use the Guidefinas both 1o
determine If the proposed saparation
distance is sufficient or to determine
the negessary separation distance,
You should at this point check to
make gure that the uses being located
in the “hutferzome” batween the

Bource and the racsivarare indeed

noise compatible uses. it parks or
plsygrounds are locatad in the buffer
zone, make sure they are notithe only
onas assocliated with the project.
Tadetormine whether the nolss
compatibie-bulidings being proposed
as barriers are adequate, you simply
use the prooedures outlined inthe
preceding section, Determine whether
thé bultding is high enoughto
properly break the ling of sight
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betweon the receiver and the source,
Then determine If the building is long
erough. it Is not necesaary 1o check
to make sure it is.made of the proper
materials or that it is properly
constructed sinca the building wilt be
inherently thick snough not 1o have
any problems. Agaln, however, if the
bullding being proposed a8 a barrler
contains noise sensitive uses you
muyst fiest vorify that it is
soundproofed. {See the next saction
for guidance on acoustical
construction,) If thebullding is not
properly soundproafed then It can not
b used as a barrier for ather
buildings. ,

As you review the site plan check to
sea that fhe bullcing locations witl ot
aggravate noise problems. Figure 14
shows how bullding arrangement can
make the noise problam worse,
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Acoustical Construction
Concepts

{This aection, with sm editingis
taken from the Auditle !.&ndssam
FHWAN

Noise can be intercepted a it
passes through the walls, floors,
windows, ceilings, and doors of a
building. Examples of noise reducing
materials and construction
techaigues are described in the pages
. that foliow.

Ta.compare the insulation
pertormance of alternative
constructions, thaScund.
Transmission Class (STC) isusedas a
measure of & material's abliity to
reduce sound. Sound Transmission
Class is equal totha riumber of
denibels asound is reduced as it
passzesthrough amaterial. Thus, 3
high 8TC rating indicalea a good
insulating matesial. fttakes into
account the influence of differsit
frequencles on sound transmisasion,
bust-essentially the STC (s the
difference betwabn the sound levels
onihe sida of the partition where the
nofse origirates and the side wherg it
lsrecelvad. Forexample, ifthe
external noize lavel Is 8548 and the
desired iriternal level i3 4548, 2
partition of 40 STC is required. The
Sound Transmission Class rating s
theofficial rating sndorsed by the
American Sodiety of Testing and
Measyrement. ltcanbe used 85 a
guide in determining what type-of
conatructionis nesded lo radice
noise.

The ysge of the 8TC rating system
tor transportation nolse isa subject
of sgome-dehste, The BTG rating was
originalty intended primarily {or use.
with interior partitions ard refates to
the “subjective impressions of the
sound Insulation proddad against the
sounds of speech, radlo; television,
misic, and similar sources of nolse in
ofﬂces and dwellings.™ Howgver,
since it rafmalns the.only widely used
noise reduction rating system for
materials the STC systenis very
often used even with transportation
neise. When STC ratings are used for
transportation nolse you should be
aware that the STC ratings may be a
few dB toa high. For example, the $TC
rating for a standard frame 2 x4 wall
with exterior skding, and sheathing
ard interior sheetrock may be 37 dB2

If rated specitically for transpontation
noise the dB reduction rating might
drogy to 84 B4 All this feally means,
however, is that you should usethe
STC ratings with a bit of caution and
remaln aware of the passible 2-3 0B
overstating that youmay get with the
$TC rating system. Throughout this
text we will be talking interms of STC
ratings for matetials and assamblies.

The Audivie mdsmx mnm:m
Wmmwwmﬁmm
o
Novamber 1974,

m amlau e! &mméx

Suiwiuys 0. 137
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Lamdscape

Factors which influence souid attendlition of

Walls

Walls provide bullding cccupants with
tha most protection from exierior
nolse. Ditterant wall materials and
designa vary greatly in their sound
insulating properties. Figure 15
provides asisual summary of some
ways In which the acoustical
properties can ba improved:

Incisase the mass and stiffness of
the wall. In general, the denser the
walt material, themore it will reduce.
nolse: Thus, concrete walls are bettar
insulators than wood walls of equal
thickness. increasing the thickness of
awal is anotherway to incraase
mass and inprove sound insalation,
Deubling the thickneas of a partition
canTesult inas muchas a 6408,
reduction insound.! Howevyer, \ha
éoats of copstruction tend to imfl the
faaaibitlty of large increases in wall’

The_ relative slitfness of the wall
material can influance its sound
aftenuation value, Qare-must be taken
to-avold wall constructions that can
vibrate ataudible frequancies and
fransmit exterior sounds.

1K Cocke and P, Chrzanowskd,
“Tranamlgsion of Nolse Through Walls and
Floors,” Cyril Harris, ed, Handbook of Noise
Control, Maﬁrwﬁlﬂmcmnpw Ine.
{Mew York, 1857),

Lower sound attenuation

mextmm
m iwmsed mass

{ge of 2ir p6CE

ncreazed width of airspace

o w] Wide spaving belwesrn studs

ML

Staggered studs.

-

% Use of resitient attachments
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Use cavity partlilons. A cayity wall
is compaosad of two or more layers
separated by an alrspace. The
alrspace makes the cavity wall s more
sffectlve sound insulator thana
singlewall of equal weight, leading to
cost savings.

increase e width of the sirspacs.
A thees inch alrspace provides
gigniticant noise reduction, but
increasing tha apacing to sl inches
canreduce noise levals by.an
additional 5 dBA. Extremely wide
alrspaces sre difficult 1o design,

Increase the spacing batwean
studs. In a singla sticd wall, 24 fnch
stud spacing gives a 2-5dB increase
in8IC over the cormmon 16 Tnch
80361"9

Use staggered studs. Sound
transimission can be reduced by

attsching sach stud to-only one panel
and afternating betwaen theiwe
pansis,

% eslig T, Doelle, Environmentat Acoustics
{Mew York, McGraw il Bogk Company,
W, pp. 232-238.

?jgun 18
Walls

‘Use reslilent materiais to hold the
studs and panels togsther. Natls
severaly redice 1he wall's abliity fo
redute noise. Resilient laysrs such dg
fiber board and glass fiber board,
vesilient clips,and semi-resilient
attachments are ralatively
inexpensive, simple to insert, and can
rigo the STC rating by 2-5 4B

Usa dissimilar layers. If thes lavers
ars made of difterent materials andior
thickness, the-sound reduction
quaﬁtias of the wall are improved 2

Add scousiicsl Barkels, Also
known as Jsolation blankets, thess
cap inoreage sound a&tenuatlan ‘when
plaged in the airspace. Made trom
‘sound abscrbing materials suchas
mineral or rock wood, fibergiass, hair
et or wood fibers, these can
attenuate nolse as much 440 dB2
They dre mainly affoctivs In relatively -
lightweight construction.

Seal cracks and edges. If the sound
insulationofahight wall
18 aver to be realized, the wall must be
wol sealad at the perimeter. Small
holas and cracks can be devastating
to the insulation valua of awall. A one-
inctisquare hole ora 1116 inch cragk
18 inches long will reduce a 50 STC
wall o 40

Flgure 16 shows a sample of wall
types ranging from the lowast 1o the
highest sound insulation valyes.

Rememnber that the sffectiveness of
tiest wall construction witt be
substantially reduced i you permit’
vents, mall slots or simitlar openings
in the walls. If venis are parmitted the
ducts must be speciaily designed and

‘nsulated 1o make sure nolse doss aot

raach the inside, The beat approach is
simpily {o elfiminate atf such openings
on impatted walls,

i, p. 172
’mid,p 162

‘ummgwmammmmm
Construction, ?ﬂﬂd@ls&m Performance

| STC=40

CommonStud Wall
E1C=35

Staggered Stud Wall
STC=%

A" Brick Wall

| Staggersd Stud Walt

wilh Abssibent Blankel

{1 S5TC=43

?'BnckWall

42° Birick Wall
ST =5
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Sound enters a bullding through its
acoustically weakest points, and
wingows are one of the weakest parts
of a wall. An.cpen or weak window will
saversly negate the effect of a very
strong wall. Whenever windows are
going to bea part of the bullding
design, they should be given’
acoustical conaideration, Figure 17
Hitistrates the affects of windows on
the sound transmission of walls: For
example, if aviall with an STC rating
of 45 containg awindow with an STC
rating of 28 covering 30% of lis ares,
the ovarall STC ol the composita
Samt lonwill be 35, areduction of 10

The following is a discussion ol
iechnigues that car be used to reduce
noise ina bullding by meansof its
wirdows. These tectiniques range
from a blocking of the principal paths.
of nolse entry 1o a blocking of the
most indirect paths.

Close windows. Tha first step in
reducing unwanted sound is to close
and seal the windows. The greatest
amount of sound insulation can be
achieved it windows are permanently
sealed. Howsver, openable acoustical
windows have been devetoped which

are fairly eftective in reduscing sound.’
Whether or nat the saaling s
permanent, keeping windows closad
necessitates theinstaliation of
roachanical ventilation systems. If
you are dealing with single family
houses and some of the windows are
facing away fromiall noisasolrces, a
whole house fanmay be better and
cheaper than air conditloning. in
multifamily housinig or whers all
windows are exposed o ths noise
sources you will have to go with the
air conditioning. If windows must be
openable, spacial seals are avallable
which allow windows 10 be openad.?
Reduce window size. The smaller the
windows, the greater the
transmission loss of the tolal
partition of which the window Is &
patt. Reducing the window sizeis a
technitue that |s used bacause (8) it
greciuces the cost of expensive
agoustical windows, and (bj it saves
money by cutting down the usaof
glass. The problems with this
technigue are e} It 1s not very eftective
In raduicing nolse; e, reducing the
proportion of window towall slze from
50% to 20% reduces nolse by only 3
decibels; and (b) many bullding codes
require a minirum window towall
size ratio.

Figurs 17
sTC
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Decibels (o bi subtracted from STC of yall to
obtain elective STC of composite tarrar

increase glass thickness, it ordinary
windows are insutficient In reducing
nolsa impacts in spite of sealing
techniques, then thickergtass canba
installed. In'addition, this glass can
be laminated with a tough transparent
plastic which s hoth roise and
shatterresistant. Glass reduces rolse
by the mass principle; thatis, the
thicker the glags, the more noise
rosistant it will be, A H2-nch thick
glass has a maximum STC rating of
35d6 compared to a 25 o8 rating for
ordinary 3/18 Inch glags.

11.8; Depariment of Houslng ind Urbien
Development, A Study of Techniques 1o
incraasi the Sotind Insulation of Bullding
Elements, Repoit No. WR 73-5, Washiegton,
DO, June 1973,

nstructions muaofgraph

.. Subtract the STC value of the daor,
witiciow o opening trom the STC welue of the
veall,

2. Enter the vertical axis of the grapdt at tha
point that masfches the vadue from step 1.

3. Reoad across 1o the carve that rapresents
the percentage of thetolal area of the wak
that I8 takian p by the goor, window, o

TPENIng.

4, Road down i the horizontal axis.

5, ‘Subtract the vaius onihe horionial axis
frova the original STO valueof the wall. The
rasyltis the composite STO valus of the wall
s the door, window or opening.



However, glass thicknesses are only
practical up to a certaln point, when
$TCincreases bocome too
inslgnificant to justify the cost. For

_example, a 172 Inch thick glass can
have an 8TC of 35; increasing the
thickness to-3/4 inch only ralses the
STC to37. Howaver, a double glass
acoustical window consisting of two
3/16 inch thick panes separated by an
airspaca wilt have an S8TC of 51and
cén oost less than elther solid
window. _

In addition to thickness, proper
ssaling Is -cn;ciai {0 the suteess of
the window. To prevent sound leaks,
single windows can be mounted in
resliient material such as rubber,
corkof felt. .
instalf Double-Glazed Windows,
Dotublegiazed windows are palred
panes soparated by an aifspace or
perfarmance of the dobvediazes

arformance of the double-glszed
window may be (ncressed with:
+ increased alrspace widih
* increased gl?ssmmkﬁess
« proper use of sealings
* slightly digshnitar thicknesses of
the panes
+ slightly non-parallel panes
Ingeneral the girspace between the
panes should not beless than2-4
Inches Ifan STC above 40 is dasired.
#this ls not possible, a hedvy single-
glazed window. can be used. The use
of slightly non-paralief panes is-a
technique employed when axtremely
high sound insulation is required,
such agincontrol rooms of television
3‘ A

udios.

The thickness of double-glazed
panes may vary from 1810 14 inch or
more per pane. Although thickness Is
important, the factors which mosgt
determine the noise resistance of the
window i5the yseof sealant and the
widthiof theairspace,

Asinthecasaof ali windows,
proper sealing I8 extremely important,
Toachieve an STC above 43, double-
glazed windows should b sealed
parmanently. If the windows must be
openable, there are avaiiable special
frames and sezlers jor openable
windows which atiow & maximum
5TC ot 43,

Permanently sealed double-glazed

. windows ofisn recusire an air pressure
control system to maintain & corstant
air pressure and minimai molsture In
the-airspace. Without this system, the
panes may deflect, and, in extramely
savere cases, pap out of the frames.

Yild,

To tarther insure Isolation of noise
between doy fazed panes, the
panas could be of ditferant
thicknesses, different welghts, and
slightly non-parailel tosach other,
This prevents-acoustical coupling and
resonance.of sound waves,

Doors:

Acousticaily, doors are even weaker
than windows, and mors difficult to
treat. Any door will reduce the
insulation vafue of the surrounding
wall. The common, hollow core wood
goor has an STC mting of 17 dB.
Taking up about 20% of the wall, this
docrwill reduce a 48 5TC wall to 24
STC, To strengthena door against
noise, the holiow corg door can ba
replaced by aheavier solld core wood
door that is well sealed’and is
relatively inexpensive, A solid core
wood docr with vinyt saglaround the
edpas.and carpeting on the tloor will
reduce the same 48 STC wall to @
33dB2An incroased sound insulat
value can beachieved if gasketed
stops-or drop bar threshold closers
ara Installed at thebotiom edge of the
door. {See Figure 18)

The alternative solution to doors is
to eliminate them whenever possible
from the severely impacted walls and
placa them in more shisided walls,

{n‘any cage no mail sfols or similar
openings should be aliowed in
exterior doors,

Figure 18

Roots
Acoustical treatment of roofs is not
usually necessary unless the noise Is
exiremely sevare or the nolse sourcs
is passing over the bullding. The
ocdinary plaster celling should
provide adequate sound insulation
exceptin extremely severs cases. An
acoustically weusk roof which is likely
to require treatment IS the beamed
celling.* Beamed cellings may bs
modified by the additlon of a layer of
oise

‘fibergiass or soma other noi

resistent material. Suspended
ceilings are the most effective noise
reducers but they are also the most
éxpensive.

YD.E. Bishop and PW. Hirfla, “Nedes ors the
Sound Transmission Loss of Rasidentials
Type Wiriows and Doors,” Journal of the
Acoustical Soclaty of America, 434 (1963).

24.5. Gypsur; Sound Gontrol... p. 10,

Hhid p. 15,




Floors
in the case of highway noise, floors
would only require acousticai
treatment if the hiphway were passing
under the building, In this case,
flooring would have to provide
protection againet structural
vibrations a5 well as airborne sound.
Two ways 1o lasulate a floor from
nolseare{o Install a solid concrate
siabat ieast Binches thick orinstall a
foating floor, In genesal, the floating
Hoor gives the greatest amount of
sound and vibraticn insulation;
howaver, it is extremely expensive
Baaically, a ficating floor consists of
awood of concrete siab placed over
tha structural stab, but separated by a
resilient material, The resiliont
‘material isolates the surface slab
from the structural slsb and the
sumunding walls.

What to Look for When
Reviewing Plans

The number of pogsible combinations
of the buliding materials that go Into
walls, ceilings, windows and doors, is,
N6 doubt, considerably short of
intinite. It s however still avery large
number, large-encugh that it would be
impassibéa 1o compile 2 list of afl the
possible combinations, Therefore, do
notexpect tofind in this seétion, or
anywhers elsd {or that matter, a neat
table showing the STC ratings for ali
the types.of construction you may
encouinter, In fact, it is not really your
responsibllity to daiermlnaiha
precise BTG ratings for the walls,
cailings, windows anddooss in the
projects you review. Your jobis
simply to review the attenuation
jevels claimed by the
sponsorideveloper and determine
whather or not 1hey are reasonabite.

To.enable you'{o ;aeﬁormﬁwe abcm
described task, we have preg ,
iistonhemoszcmn types ot
construction for which we have STC
ratings. By comiparing the fype.of
construction WOPOS@G toonacf
these “modet” types you shouid be
able o telt whether the claimed STC-
rating is reagonable, For exampls, the
sponsordeveloper submiisa
description of his buliding stating
that & 2:x 6 stud wall with standarg
sheathing, insulation, wood siding,
and 12" gypsum noard achieves a
STC rating of 48, You 160k 48 Table 3.
and find that the closest “model” wall
18 82X 4 stud wall with wood siding,
sheathing, insulation; and 172"
gypsum board. This wall hag a STC
rating of 39 An 9 dB differenceis
quite significant cnnsidadng thattha
walis are really quite similar. You
would probably want to go back to the
developerfsponsor and ask forsome
supporting data that proves thal the
2x%8wallhe pmposas witlindeed
provide 4848 of noise attenuation,

inorderto makeit easter toraview
the attenuation levels provided by the
proposed construction, we suggest
that you ask the developer/spongor to
complete atorm such as shown {n
Figure 18. Such a formwill give you atl
the information you need in a propery
ofganized format that will {aciiitate
YOUur review, You coutd Hill in the first
part and simpiy have the
develeperfsponsor fill out the second
part and return I with the developar
centification or other projest
doguments.
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As you will recali from the previous
section, most walls provide prefty
fiood attenuation by themselves. Itis
the presence of windows and doors
and-openings such as vents that
reduces the attenualion capability of
the'wall, Thus, after you have
determined whether the basic wall
itself has a reasonable STC, vou must
review the impact of the mndcws and
doors. You do this by using Figurs 17,
Flrst you determineg the difference
between the STC ratings for the wall

Ard the windows. You enter the

vertical axia of Figure 17 with that
number. You read across.until you
intersect the line that reprasents the
percentage of the wall taken up by the-
windows, Thenyou read downito the
horizontal axis whers you wil find the
value to be subtracted from the basic
STC value-of the wall, The resulting

‘murriber is 1he combined STC valuafor

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

starf out with the moditied STC rating

for the wall, ff the wall has doors only,
then obviously you start with the
basic-wall STC rating. Finally you
compare tha number you have derived
withthat listeid by the
developerigponsor. if they are faidy
close, you need not pursue it further,
If there is.a substantial difference,
you shouid ask for an explanation or
documentation from the developer.

Once again, we caution you about
borderline cages. f the attenuation
required is 30 dBand the STC rating
for the proposed construction is
exactly 30 dB, you may want to ask
the daveloper 1a provide even more
attenuation. Remember that we
discussed how the STC rating may
ovarstate the actual attenuation
provided by as much as 3 dB. it an
additionat 148 can be achieved at
minkmurmcost, we would strongly
urge that you seek it from the
developatisponsor.

Finally check to make sure the
developer has provided some form of
mechanical ventiiation. if it's a singls
tamily house and a whole house fan s
the means of ventilation balng
provided maks sure that there are
cperabile windows on walis which do
nol face the: noisahsource(s) nor are
perpamdicytar to the source(s).
Otherwige the residents wiil have o
apen wingows on the'exposed wall,
thus cancelling out much of the
attenuation achioved.



Table 3

STC Ratings for
:Wu'” ~W

o
Componard

Frarme Wall

StuccoFrama

Brick Venesr Wail

Masonry Wall

Windows

Exterier Doars

Descripiion

a. SIE“ x 10" Redwood Sighg
b. 112" insulation Board Sheathing
¢ 2x4 sluds W g
d. Fi aulmng nsution
e mmd&mtoatm

4 78" Stuaco
b. No. 15 felt Building Paper and 1™ Wire Mesh

" o, 24 Studs 16" o,

dF y Buliding lnsulation
e 12" d attached directly to studa

!»me

b. 172" Alrspace with metal lles

¢ 34" insudatinn Boans Shaathing

d. 2 & Studs 18" 0.0

e. Fibergiass Bullding insulation

{. 372" Gypsurn Board attached directly to studs

a. 1" Stucto
b. 8” thick Hoftow Contrete Blosk
¢. 112" Gypaum Board attachad to furring strips

Wood double hung, closed tut uniocked,
single glazing

Alugainzan aﬂ&m. lateha, singie ghazing
Wood doubh hung, ciosed bt unlocked,
glazesd with: 416" insuiating glass
Alominum single hung, slosad, plazed with
16" insulating glass

Wood, doubls ming, seated, glazed with
7He" insulating glass with single

glazed storin sash~2 18" sepacation
Aluminum sliding, closed, single glarsd
with single:giared storm sash, 18" separation
Wood, Hush sclid core, with braas
weather siripping

Woaod, frush-solid cone, plastic weather
stiipping, sluminum storm ooy

Wood, Franch door, brass, weather
stripping

Stesl, fush, with umthane am core,
with maghetic weather: stzippmg

Shingle Root with:attic, 1/2" gypsum
:‘aung;#rd cailing frrmt iniloperdently
ol

TG Rating
3 dB

43
{astimatad)

g &% RR B

B

43
{estimated)

Yevnant as noted, sl 8TC mlings &e Yrom;

Avoiisyivel
Rosidential Walls, Doory snd Windows, Nationn) Biresy of Stardwds.

i Tl Parformsiscn of Exterior



Figurs 18 -
Dascription of Nolsa Attenuation Messuiss

Pantl
Pioject Name

Location

SponsorfDeveloper

Nolse Lavet (From NAG) . Attenuation Required

Primary Nolge Sourcais)

Pant

1. For Walie {8} facing and paraliel 1o the nolse sourcels) for closest o paralief):
8. Desripion of wall conatruction®

b. STGrating for wall {rated for no windows o doore):

¢ Description of Windows:

4. BTG rating for window typa

& Deswpumqtm

f. STC rating tor doors

9. Porcentaga of wall {par wall, per dweliing unit) composed of
wirgiows. and doora

K - Combined STC mting for wall component

2. Forwalls parpearicuiar bo noiss sourcals):
a. Description of wall construction®

b. STC eating for wall (rated fof i windows or ¢0ors)

¢. Deseription ol windows

4. STC rating torwindows

& Deaniption of daors




f. -STC rating tor doors

g. Parcsntage of wall {per wall, per dweliing unit) composied of
wingows and docrs

h. Combined $TO rating for wall componant

3. Foofing componant {if oveshead atienuation 1s required dus to Blroralt nolagy
a. Descriptionof roof construction

b. STC rating {rated as if no skylights or other openings)

©. ‘Dascripton of skylights or overhead windows

o, -STC rating for skylights or ovirhead windows

& Pacontageof roof sompesed of skylights of windows (per dwelling unit)
{. Pesceniage of ool composed of lazge uncapped ppenings such aschimneys ..

g. Combined ST rating for roof component

4. Descriptionof type of machantcal ventliation provided

Propared by

*H walls contaln vents. or SimBar opaings, attac a description of dutt mrnpement and insulation and
a stamtenent o how much the wall STC s reduced by the presence of the vert,
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of Noise Attenuation Meassures
m:m‘mmm

Part{
Project Narme Fheavise Homgs

mm_&us&my
Nolsa Lavel {From NAG) 13 Antenuation Required 3 iﬂdé
?fimxy-ﬂoiseﬁomca(s)._MAy

Part i

1. For Walls (s} {acingand paraliel to the ndise sourcats or
&. Dascripton of wall construction* L. BL P

L STCrating fordoors ___ wde £

¢ Percentageof wall (b?z wall, per dwelling urity composedof
wintdows wid doors — 5% -
h. Combinect STC rating for wall comiponent Jodé

2. Forwalis pérpendicular to nois SOWceisk S
a Dascription of wall corstruction®

b STC raling for wall irated F0f no winkiows of G00rs} e 4 7

t. Description of windows ME‘

d. STC rating for windows 2 z

o. Descriptionotdcors N0 DOdRS

#1



L BTCratingfor doors -

¢ Percentage of wall iper wall, per dwelling unit) composed of
winidows [i=R 4 8nd doots &

h. Combined STC sating for wall component 30

3 Roofing component {if cvarhead attenuation ks requijed due to alrcraft nofsey:
8. Desceiption of root construction : .

b. STC rating {rated aa it rio skylights or ather opanings)

¢, Dagcripton of skylights or overhead windows

d. STC rating for skylights or overhiead windows

8, Parcentage of too! composed of skylighis or windows {per dweltirg unil}

L Perourdage of roof composed of iarge uncapped opanings such as chimneys

3. Cornbined STC rating lorsood component
4. Oescripuon of typeof mechanical ventilation W_CMM_A,!R_

Prepared by

Dats:

'ﬂwmmm:u:mm sitaick a dascription of duct aangement and Jnsclation and
2 sttermunt of how much the wall SYC 18 redcad by the prasance of tha vent.




Quiz on Noise Attenuation
Quastions

1. What are the'thres basic ways to
provida noise atténuation?

2. What are the responsibilities of
HUD personnel regarding noise
attenuation?

3. When a barrier is introduced

etween & source and a recelver the
sound energy isradistributed along 3
mdiragi paths. What dre these three
paths’

tL What is “PathLength Ditference”
and how does it affect the attenuation
lavel provided by & barrier?

&, What are "Transmission Loss
Yalues?”

8. How doss the transmission loss
value of barvier material affect the

attenyation capability of the barrier?

7. Agaganeral rule, what
{ransmission loss vialues should you

ook for?
~ 8 Ityou have miore than one barrier
between thé source and the recéiver
isiheamourd of ettenvation
jroreased substantiatiy?

8. Whatare the four things to cheick.
when reviewing a pr harrier?
10. List3 ways to make a barrier more
elfective without increasing its overall
height.

11. -List 3 ways to-make a barrier mote
gifective without increasing its overall
length,

12. What is the maximum percentage
of the tolal area of a barrier that can
be made up of openings without a
signiticant logs tn barrier
aftpctiveness?

13, List 3 site planning techniques
that are used to shisld residentiat
davelopments,

14, Whan are parks and playgrounds
not noige compatible uses that canbe
employed as bufters?

45. What are the two main thingstc
Jook for when reviewlng site plan

changes?

16:- What are some of the buiiding
orientations which can aggravate
noise problems?

17. What s the Sound Transmission
Class {STC)rating?

18, Which isbelterahigh STCora
tow BTG rating?

18, What kinds of conditions were.
STC ratings originally developed for?
20. - Whiat should you do when using
STC ratings in a transportation noise
situation?

21. ListSways toimprove the

atterwaation capabiiity of a wall.

22. Windows dre one of the
acousticaily weakest components in
awall. List 3 ways toreduce the
negative effacts of windows,

23, What is the best way o reduce
the effect of doors?



Quiz on Noise Attenuation

Angswers

1.

10,

3, barriers or berms

b. site design

€. acoustical construction

a. tomakesuretha project

sponsorideveloper is aware of

the atxanuaﬁon requirements

b. provide
with ain overview of available
options

©. revigw attenuation proposals
to make sure they are
adequata

. 3. Adiffracted path over the top

of the barrier
b. A transmitted path through
the barer

¢, Arefiected path avay from the

recelver

. “Path Length Diference™ is the

ditference in distance that sound
st traval diffracting over the
barrier rather than passing
dirgctly through it Since sound
energy decréases overdistance,
the greater the path length
distance the greater the
attenuation.

. “Transmiission Loss Values"

represenit the amount nolse levels
wilt bie reduced when the sound
waves pass through a barrier.

. Binca the attenuation provided by

abarrier is a function of both the
sound enargy that goes ovef the
top and the energy that goes
through the barrier, if ihe
transmisslon loss vaiue s fow
then the effectiveness ofthe
barrier will be greatly raducad

. i the lransmission loss value of

the barrier material is at laast
1048 greater thanthe attenuation
tevel provided by diffraction e,
barrier height) there shouldn't be
any problam.

. Mo, The combined effect of

multiple barrlers does not

noemsally provide significantly

greater altenuation than a single

barrier. For design purposes, the

general procedure is {0 assume

the atlenuation of the most

effective bartier,

4. ls ithigh enough?

o Isitiong encugh?

¢. Isit made of the right
material?

d. 1sitproperiy constructed?

a. move the barrier ¢closer to the
source

b. bend the top of the barrier

towards the source

dohoth

&

11

12,
13.

14.
15.

18,

1.

18.

1.

a move it closer 1o the receiver

b. bengthe ends toward the
rocaiver

t. doboth

1 percent

Any 3 of the beiow:

8. increasing the distance
batwesn the source and the

roceiver

b. placing ncise compatible land
use8 betwean the source and
the receiver

¢. ftocating barier type bul%d&ngs
paralfe] to the source

d. orienting residences away
{romthe ioise :

when they are the only ones

associated with the project

a. isthe separation between the

source and raceiver great

enough
b. I anoise compatible ullding
Is beingusa&asaban%r it
tall-and long snough?
Buiidirg orientations which trap
notas arvd cause it fo reverberate
off buitding walls. This would
inciude shapes where a courtis
open to the source tr wherea
sevies of bulldings arsammanged
parpendicistar to the source.
The 8TC rating is equal tothe
number of decibeis a sound is
reduced as [t passes through a
material.
A high 8TC rating Is better.
THa STC ratings were originally
intended primarily for use with
interior partitions and for nolse
suchas speech, radios,
efavision.

. Becognize that the STG rating

may overstate the effectivenass
of the matarials by 2-3db.

21. Anyof the @ below:

. increase the mass and
stiffness of thewall

use cavity paritions

Increasa the width of the
alrspace

lncreases the spacing between
studs

use staggered studs
useresilient materials to hold
the studs and finish materialy
together

0. useofdissimilarlayers

fleaves)
h. add acoustical biankets
saal cracks and sdges

e«s»szpsxm

22, Amfoﬁh&4be¥w

2. ¢lose the windows and
provide meshanical
ventilation

b. reduce window slze

¢. incroase glass thickness

6. install double piazed windows

23, Elimninate them from soverely

impacted walla
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Foreword

in choosing among afternative sites for
housing; pomnﬂai m prcb%ems are

examimd These ﬂmse &mssment
Guidelines were mmw& o provids
HUD Hpld stalf, interasted builders,
dawalopem and-local officisls with an
easy-10-use method of évalualing noise
problems with a mirimum of time and
effort.

We beliove that this set of fools will
aimpiify the process of balancing the goal
ot anviranimental protection with those.of
efiiciency and reduced housing costs: We
hiope you will find them usehul, and invite
your- comments,

Mt%ng Aasls&am Secremy for
Fo»cy Developmient snd Research

&‘%\\.Kﬁ

Assistant Secretary for
Communlty Planning and

47
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Preface

The Depastment o Housing and Urban
Developmant, in its efions to provida decent
housing and & suitsbla living ervironment, ks
concemed with nolsa as & majer sourtce of
envirormental poltution and has lssued Sub-
part B on Nolse Abatement end Control 1o
Part 51 of Thtle 24 of the Coda of Fedsral
The policy established by Subpart & em-
bedies HUD objectives o make the assess-
mery ol the sultablity of the nolse anvinon-
ment at asite: {1 easy ioparors; (2)
uniformiy applicable to differant nokse
solirves; and {3) as consistent a5 possible
with the agsessment pificies ofother Federal
depariments and apencies. In furtharance o
these cbiectives, tha Office of Policy Devel-
oprivent and Research has spronsored
research 10 provide site analysis fechnigues,
Thuse Nodse Assessmant Gukfelines do not
constifute astablished policy of the Depart-
ment bt do provide & methodology whose
use is encolraged by HUD ag being con-
sistent with its.objectives. The Guidelines
provide a means lor assessing separately
the nolse produced by airport, highway, and
railroad opetations, as well a5 the means Yor
aggregating theircombingd effect on the
gverall noise enviconment st a sis.

This bookist has been prepared by Bolt
Beranek and Newman bic., under Contract
No. H-2243R for the U.S. Department of
Housing and Urban Developtnent. ftisa
rewvision of an sarier adifion publishad in
August 1971, Wiih the exceplion of clanges
made by the Department, the contracior Is
solaly responsible for the accuracy and
completeness of the data and information
contained herain,
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Introduction

These guidelines are pregenied as partof a
contiruing effort by the Depariment of Hous-
ing and Urban Developmant fo provide
Jacem housing ard a sultable ving en-
vironmerd for all Americansg.

The proceddures desiribed here have buen
deveiopad so that people without tevhnical
fraining wilt be able to assess the exposure of
a bousing site 1o present and future nolse
conditions, Inthis context, the site may hotd
only ong srnall building, in which case the
noise assesemant is siralghtarward. Larger
sites may hald larger iiildings, or many
buiidings, and the noise teve! may be dif-
ferant at differant parts ol the site {or buskd-
inq). Assessmnts of the NOISE axposUTe
should be mada at represestative locations
around the site whers significant noisa is
expeciad. These are designated as “Nolse
Assessment Locations,” abbreviated NAL in
the foliowing text.

Ths only matenials required are a map of
the area, a ruler {Biraight edge), a protractor
and a pencll, Worksheats and working
figures are provided separately.

Al of the information you need can be
easily obigined — usually by telephone. For
convenience, this information is fisted atthe
beginning of aach section under headings
hat indicate the most ikely sourcs. Whike
you ate obtalning this information, be sure o
ask about ary approved plans for fulure
changes that may atlect noise levals atthe
b9 ~ for sxarnple: land-uge changes,
changes in sirpor runway traffic, widening of
roads, and so forth. In afl evaluations, you

should assess the conditon that will have the
most severe or most lasting effect on the use
of the site,

Wherever pussible, you should try to
A55065 Nolse environmens expecied af least
ten years in the future.

“Tha degree of acceptability of the noise
environment at a ite is datormined by the
outdor day-night average sound level
(ONL}in decibels (dB). The essessment of
sito acoeplabilily is preserted first as an
evaluation of the site’s exposure tothree
major sources ot noise - afrcraft, roadways,
and railways, These are then combined o
#5598 the tolal noise at o site. Worksheels
are provided at the back of these (uldslines
1o use In summarizing your svaluabons.

Tbemmenﬁmrmﬂatamwﬁm
under ong of three calegoties;
Accepiable (DNL nbt exteading 85 Jeci-
bels) The noise exposure may ba of some
contem but common building congtructions
will make the iIndoor snvikonment scteptable
and the ouidoor snvironment wilk be rea-
sanably pleasant for recreation and play.
Normatly Unacceptable (DNL sbove 85t
nat exceeding 75 decibels) The noise expo-
sure 13 significantly more cavere; barrers
may be necessary between the site and
prominent noiss sources 1o make e cutdoor
gongtructions may be necessary to ensure
that paople indoors are sufficiently protected
from olsidoor nofse.
Unacceptatide (DAL above 75 decibals) The
noise BXpOBLNe at the aite is so severe that

50

nwise environmen! scoeptable may be pro-
hibitive and the autdoor environment would
still be unacceptable,

Whenmeasuring the distancs from the site
o any noise soiites, measurs rom the
source tnthe nearest points on the site where
buildings having nolse-sensitive uses are
located. Thege points defing the Noise
Assesement Locations for tha sie, Yhe
relavart measurement location for builds
Esapdmzmm(ssfeat)fmmum!acade,

i at any paint during tha assessment the
site's axposure o noisa is tound 1o be
Unacceptable or Normally Unacceptabie,
every affort should be made 1o improve the
condition, e.g., the location of the proposad
dwailings cart be changed or sofme shinkding
car: be provided 1o blodk the noisa from that
scirce,

Whare gulet ciidoor space is desired st s
sha, distances should be medsured from the
important noise sources 1o the ottdoor aren
in question and the combined nolse axpo-
sure should be assessed.

Froquently, thelocations of dwellings have
not yot been specified at the time the noise
agsessment of 4 sile is made. In these
instances, digtances used in the noise
assessment should be measured as 2
metors less than the distance from the bullg.
ingsethack line tothe major scurces of nolse.



Combining Sound Levels in Declbels

The noise anvironment at & site is delor
mintid by combining the contributions of dif-
ferent fioise sources. in these Guidelines,
Workcharts are provided 1o estimale the con-
fribistion of aircraft, atdomobile, truck, and
train toise to the wotal day-right average
-sound leve! (DNL) at a site. The DNL contri-
butions from aach source are sxprossed in
‘dacibels and ertered on Worksheet A. The
combined DNL from afl the sourcas ks the
DAL for the site and is the valus usad to
detarmine the acceptabifity o the noise
aavironment.

Sound levels in decibels are not combined
by simple addiion! Tha toliowing tadle
shows hiow acormbing sourd lovels:

"

OO OOOE Lok wk ke N Y 02
Sl ainiinbDivnibis %E
k-1

e s ek X

greaterthan 18

valug, find the vidua 1o be added to the farger
of the twe jevals, add this valus to the farger

level-to dawrming e tolal, Whers mors than

two levels are to be combined, use the same
procedurs to combine fny 1wo levels: then
usa this sublotal and combine it with any
omerlwel.mdaam Fmﬁmaimmw

Exampin inpeﬁmngamsvamm
the separats DNL values for airports; road
traffic, and ralirasds have beon figled on
Worksheet A 23.58, 63, and 61 decibels. In
wdefwwmlheﬂnalevaiuaﬁonefma
site, these separate DNL valugs must be
combined. The différence batwesn 53 and
58 is 7; from the table you find that 0.8 should
be added 1o 63, Jor a sublotal of 63.8. The
dmmmwmmsssmaﬂszs from
the table you in  that approximalety
1.9 shouid beadded 1063 8foratotal o1 65.7
or 66 dB when rounded inwhole numbers.
This exampie shows how noise from ditfarant
sources reay be Accaptable, individually, ata
site, but whancombined, the total noise sn-
virgrenent may axceed the Acceptable DNL
limitol 65 dacibels.

&



Alrcraft

To evalusde a site’s sxposure to aircrall
nolse, you will naed to congider all alrponts
{chvil and military) withici 15 miles of the site.
Tha information required for this evaluation s
listed below under headfings that indicate the
most ikely source. Before beginning the
gvaluation, you should record the folidwing
nfurmation on Worksheet B:

From the FAA Area Offica of the Millary
Agamymcha:geoﬂheaupcn

s Are currert DNL or NEF {Nolse Exposure
Forecsst) contours available? Noise con-
ours are gvaliable for almbst al military alr-
ports. Thesa somours have been developed
ant published aspart of the Air Installation
Cornpatible Use Zone (MCUZ) program of
the Depariment of Defense, The contoars
are published normally as pant of an AICUZ

rapont. Noisa contours are also avallable for -

mary civil alrports, When avallabig, they are
superitnposed on & map with an Sppropri-
ately marked scale (see Figure 1, page4).
 Any available infomation sbout approved
ms&:mymm(mﬁwmm
funways}.

From the FAA Control Tower or Aiport
Operations it DNL or NEF confours are riof
avalablg),

» Tha resmber of nighttime jet operations
(10pm.-7am}

* The narssber of daytime jet operations
(7am.-10pm.)

* Tha flight paths of the major ninways.

» Any avellable information about expected
changes in aimport traffic, 8.g., will thaaum-
ber of operations increase of decrease in
the next 10 or 15 years:

In making your eveluation, use the data for
tha heavias! air iraffic condition, whether
prassent of future.

Evaluation of She Exposure

to Adrcraft Nolse

 currert DN (or NEF) contours are avail-

able (asin Figura 1 page4), cate the steon
memapbyrefemngw&mmwmm
scalp. ¥ therg are no other folse sources in

pentours on eithier side of the NAL ItNEF
contours ars ised, estimate DNL by adding
35 deribels to thie NEF valuss. Note that
contours dre usually provided in 5 degibat
increments. (See Exampds 2on paged.) -
When supersonis aircraft operations are
prasant, DNL contours are requined for the
K BML of NEF- cortours arg nct available,
tia ONL ata site may be estimated inseversl
diferem ways:
* An FAA Harglbook (Referance 1) canbe
used to estiriate DNL contours for sites in
general aviation diport vicinites. General

- aviation airpons exclude commiersial jet

transports but may invdode business jats.

» A hardbook avaliable from EPA (Refar-
m?mmbﬂdmﬁum}mb@m
to calculate DN at individua! polnts.

* A provedure for constructing approxinate

mearea.y@udcﬂdmdwdoammpelsa DNL contours for sites near commersial jet

nmemammmemmsmﬂgm
site, you will need to find the preeise DNL
value 50 you can combine it with the other
sources: Dbtain the DNL at the appropriate
NAL on the site by inferpotation belween the

Trousands of Fest
[ = ]
i 02448

Example 2: The illustrationin Figure 1 atthe
top of page 4 shows the NAL's on & map-that
has DNL contours. We find that NAL number

1Jies batwesn tha 65 and 7048 contours and
that NAL rumber 2 lies putside the 66548
cordour.

Waefind the DNL at NAL nurmber T by intes
polation from the distances between the NAL
and the 85 and 70 dB coniours.

By scaling off the map, wé find that the
distance from the NAL, measured perpen-
diculady to the contowrs, s 800 1eet o the 65
dB sontour and 2400 feet i the 70-4B con-
tour. The distance between the 65 and 7048
contours ks 2400 + 800 =3200 feet. Wa find
the DNL al the NAL number 1 fobe 85
decibels plus 800/3200 x 5 decibels = 66.3
decibels. .
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Exampie 3: The flustration In Figure 2at the
botor of page § shows an airport for which
DL or NEF contours are not available. The
alport has 10 nighttime and 125 daytime jet
oparations.

To conghruct the apfpoxirate cortouns, we
detarmine the effective numbar ofoparations
asfollows:

10 {nighttime} x 10 = 100

Add to this the actusd nuraber of daytime
oparations;

100 + 125 (daytime) = 225

To determing the distances A and B in
relation to the runway {see Figure 3, page 5),
gnter the gifective numbar of operations on
the horizontal scales ofthe chans inFigure d;



alrpocts without supersonic aifcraft is as
Tolkows:

Detarming the ‘*aﬁectm" number ot jet
operations at the sirport by first multiphying
e number of righitime jot operations by 10.

Then add the numbar of daytime jet opera-
fions to obtain anelecthve 1otal {zee Exampls
3, page4d).

Onammmmsmmmm
runways, mark the location of the sita ar,
using the diagram and charts of Figure Jon
page 5, construct approxdmate DNL contours
ot 85, 70, ang 75 d8for the major ruiways
andﬁ;i_ghtpams most likely 16 aftec! the site.
fsee Figure 2, page 5)

Although a site may be Acceptable for
axposure 1o alrcralt noise; exposune (5. other
sources of noise, when comblined with the:
afrcraftnoise, may make the site Unacsspt-
abile, Therctore, Fnecessary; values of air-
crah noise exposire less than 65 dB can be
estmatedfmm‘raﬂez Scalethe ghorest

distance D7 from the NAL to the flight path, as
inFigure 2, Stale the distance 0’ from the 65
dB contout 1o the fight path. Divide Dy D'
and enter this valug info the iollowing tableto

fined this approximate DNL at the NAL.
Table 2

B 3
] 48
1.00 &5
142 &4
126 B3
141 62
1.58 B
1.78 o0
200 54
224 58
251 57
28 56
318 85

Distance A (thousands of feet)
8 % 8
\
%
%
‘,\ ¥
g8 ¥ 8

§ 6,80, 8 gup———ry LS "!7'”‘“
S e o 585, 0051
,s & 3
Y 2,00
E s
= 0, . 08
R, wwep— v . s e
E

:g: e sz :/’(/ """ 9,50
Qo ﬂ%ﬁ . 5ohet §82a2dy.

Ed . & B

Effective Number of Flights

madmtomeDNmes reag across the
chart 1o the left 1o obtain distances Asnd B
from the ventical scales on the chasts.

We find from Figure 3, torexample, that for
225 sffectiva operations, distance A is 4200
toet for the 55 dB contour &nd 2000 feet for
ihe 75dB comour. Distance B is 31,000 feet
for the 65 4B contour and 11,000 feetfor the
75dB conlour,

Example 4a; The NAL shown in Figure 215
outside the 65 dB contour, Tha distance D
from the NAL to the fiight path is 6700 fest.
mmn*fmmss@mwmw
flight patts, measured;
the Sontour, isa?OOfaat Theram ID‘
9700/3700.= 2.62. From Table 2 we il the
NG trom the siportic b 56.6 08, Warde ot
kmmmm&mmwm
howeyer, Since we must also assess the
contribution of roadway and rainnoise tothe
totat DNL atthe site.
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Example 4b: We cbserva thal the perpen-
dicutar distance (D) from NAL number 2
{Figure 1) ta the flight patt s more than 3
times the distance (') rom the 85.48 con-
tour to'the Hight path, From Table 2 we find
that fhe tostribution of the sirport 10 the DNL
at NAL nuinber 2is less than 55 decibels: We
need not consider the alrport furtherin
accessing the noise environment at this site.



Necessary dormation

To evaluate a site's exposiire 1o roadwey
noiss, you will need to consiter afl mads that
mightcontribute io the site’s noise Bnviron-

Before beginning the evaluation, detor-
mine # roadwey nolse predictions alroady
axdstiorroadsnear the se. Alsotryta oblain
gil available informiation about appeoved
plansfof roadway changes (2.0, widening
axisting roads or buliding new roads) and
ahout expected changes in road ratfic (a.g.,
will the traffic on this road increase or
decrease in the next 1010 15 years).

# noise prediciions have been made they
should be avallstie from the City {County)
Highway or Transportation Departent. f not,
record the following information on-page 1.of
Worksheet &;
= The distances romithaNAL'sforthe sita to
the near sdge of the hearest lana and the far
adge of tha fasthast lane for each road.

» Distance to siop signs.

* Road gradient, it 2 percant or gréater,

= Aviérage spead.

* The tolal numbar of automobiies for both
directions during an avarage 24-hotr day.
Traffic enginsers refer tothis as ADT, Aver-
age Dally Traffic {or sometimes AADT,
maaning Anriual Average Dally Traffic).

» The mimber of rijcky durifig an average
24-hour day ineschrdirestion.

Mpossnble,sapmtrmm “teavy

trucks” - those weighing more than 26,000
pounds with thres or more ailes ~ and
“mingium tracks” - thase between 10,000
and 26,000 pourds. gmmmmuis
counted as equal o 10 aylomobiles.) Tricks
under 10,000 pounds are counted as aito-
mobiles, Count buses capable of canrying
rooee than 15 seatad passengers as “haavy”
trucks ~ others, as “edium” trucks, Titis

not possible to separate the trucks into those
mmmh%wmmmatmmuemﬁ
trucks as though they are “heavy.”

Note: If the road has a gradient of 2 per-
oent of mora, record the numbers for uphil
arw downtilfl traffic separately sincs these
figures will be needed later; otharwise, sim-
ply record the lotal nurnber of rucks, Most
often you will have i assume that the uphil
art downhill raffic are equatiy spiit,

» The fraction of ADT that oceurs during
nighttime (10 pm.to 7am.). Hithisis
unknown, assume 0,15 for both trucks and
autos.

Evauglion of Site Exposire

‘1o Roadway Nolse

Traffic surveys show that the amount of
ropdway noise depends on the peccentage of
frucks in the total traffic volume, To account
for this affact, you must evaluate automoblis
andtruck traffic separately and thencombing
the results.

The nolse anvironment at each site due 1o
mﬁcnﬂwbmwwm;m

“af Workeharts 16 dfing the confribution of

automobiies and trucks rom ongor
more reads atthat gite, Eaehmisesmm

yields a separate DNL valus.

" Workchart 1 provides a graph for assess. -

ing.a site with raspect 1o the nolsa from aute-
mobiles, fight and medium trucks; Workchart
2 provides a similar graph for assessment of
heavy truck noise. These values are com-
bined for each road affecting the notse
environment &l the sie 1o obtain the total
coniribution of roadway nolge, Rameinber,
thandigetrom aireraft andralways nwistalss
b considerad belore datermining the sult-
ability of this site’s nolse environmant.

Effective Distance
Behmmmeedngwﬁhﬁmsepmwm-

uations, however, determing the “effactive
distance” to sach road from the dwelling o
outdoor residential activity (the NAL's for the
site) by sveraging the distances to the neay-
est adge of the nearestlane and 1o-the fasth-
st odge of the Tarthast lane of traffic. (See
Exarmple 5, page 8, it Figurs 4, paga 7.)
Note: For roads with the same niumber of
lanes in both directions, the eflactive dis-
1ance is the distance fo the cemer of the
roadway (or median strip, i present).

Workchart 1 was desived with the foflowing

* Thereisfine-of-sight exposire fram the site
to thi road; .0., there is no barrier whict
effectively shields the site from the aoisa of
* There is no stop sign within 500 teet of the
site; traffic ights do notoount bacatise there
Is usually tralfic moving on one streetor tha.
other.
& The averdge automobile traffk speedis 55
mph.
# The nightime portion of ADT is D15,
Heach roadmeets these four conditions,
proceed o Workchant 1 for the svaluation.
Enter the horizontal axis with the effective
digtancetrom the roadway tothe NAL; drew i
vertical line upward from this poirt. Enter the
vertiosl dds with the elfective automaebile
ADT; draw & horizomal e scross from ihis
paint. {The "slfective” automobile ADT is the
sum of automobiles, ight trucks, ang 10 imes
the number of medium trucks I a 2d-hour
day)HemmnﬂLvmmmwx
where the verlica!l and tiorizontal ines inter-
sect. Record mlsvﬂuemcamm 18, Work-
shaat C.

Bur
#any of the four conditions is difforent, make

Exampie §: The site shown inFigure 4 is
Wmmmmmmm
Road No. 1 has fourldnes, sach 12 feetwids,
and a 30-foof wile madian stripy whick
accommodates a rallroad track, Rced No. 2 -
has fourianes; sach 12 festwide. Fload No, 3
hes six iares, oach 15 fest wide, andg
Tha distance from NAL No. 1 to the near

adge of Foad No. 113.3001eet. The distance

wﬂwfamdgeofﬁwdﬂo 11530006t plus
the fiumber of lanes times the lane width,
Pl the widih of the median strip. Thus, tha
distance fo the farthest stigs of the road i

300 + (4%12) = 378
378 + 300 - 3308
2

This is the valus to be entared online Toof
Workshest C. The effective distances from
the appropriate NAL's to Rass No. 2-and
Foad N6, 3 are found by the same method.

The distances shown in Figure 4 wil be
used for ail roadway examples in this bookiet.



. %ammmo@mm
Be Measured froms the Nojse Asssssment Lote-
ﬂmmAL}mmmmwmm
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First, alow ganeral words about adjust- AUTOS (ss )
ments as they are appied N 1ese GUIde: e b
fines, EachWorkcharthas beenderivediors ™™
basaline condition which is often found in "
practical cases. Where conditions différ from
the bassling, they are accounted forbya ¥
serias of ohe or mote adjustment factors, i oyt =

The adjuster tactors are used a3 mul-
tiphors limes the sverage rumber of vehkdes 3
cparating during a 24-hourday. i moss than

one adiustmert & required, 1 is not neces-
sary that sach ba myftiplied times the basic
traffic fiow separately: all adjustment factors
are muitiplied together, and them multiplied
times the original traffic fiow data. This will
become ciparer as you examing the Work-
shests at the back of these Guidelinas and

g

lmm
3:,

1 w2
s b

work $hiough the sxamples. Aftar you have
becoma lamiliar with the Guidelines, you wil
be able towork examples directly from the
woﬁ(sheeuwﬂmmmgbadctoﬂmmn
To simplify your work, all the adjustment
factors are summarized at the back of these
‘Buidelines,

Acdjustmernts for Astomobiie Traffic
Stop-and-Go Traffc:

Hthere is a stop sign {not a traffic signal)
within 00 feet of tha NAL 50 that the Sow of
trafficis mbtﬁymmmwonmm
ungier consideration, find the sty
adiummfamormrammmm
Tabie3. Enteﬂhis value in cohunn S on

Tabled
Digtance from NAL Automabiia
Drtance ! tomoti
hsﬁw mmmﬂmnt
10% 8’%
200 .40
300 0.55
400 0.70

?,as

Exsmple 6: Road No. 1 meats the four condi-
tions that allow for animmediale evaluation.
mmmmimmmw
thig evaluation, itwas found that the auto-
robile ADT is-18,000 vehicles (Line S¢ of
Worksheet ). On Workchast 1 we locgte on
tha vertical scale the point representing
18,000 and on the horizontal scale e point
representing 339 feet {see Figure 5). (Note
that we must astimate the location of this
point.) Using a straight-edgewe draw lines o
NAL expasire to-automoblie noise from this
road k53 DNL of 58.dB, as read from the scale
atthe top of the graph.

Example 7: Road No. 2 hasastopsign at 350
fast from NAL No. 2. The autynoblie ADT is-
reporied as being 32,500 vehicles {ine 5¢ of
Workshéet C). From Table 3 we interpolate
betwean 300 and 400 feat to find the adjuat-
mari factor for stop-and-go traffie to ba 069,
The adiusted traffic AT is

0.89 % 32,500 = 22,425 vahicies par dey

and with an sffective distance of 174 fael
from NAL No. 2, we find from Workchart 1
that the approximate value of DML s 64.4B.

55

wmmmlmm%m
vahiclas. in addition, assume that the aver-
age speed is 45 rph instead of 55 mph. You
MMWMADTd?&mO

vehicles by the Auto Speod Adiustment
Faclor from Table 4

087 x 75,000 = 50,250 vahicies

and at anaffective distance of 174 fest v
from Workchan 1 that the approximate value
of DNL is 87 dB.



Nightime Adjustment.

DNL values are affectad by the proportion of
traffic volume thatootuss during “dayime” (7
a.m, 0 10p.m.} and “nighttima” (f0p.m.to 7
a.m.). The graph on Workchari 1 assumes
that 15 percant of the iotak ADT oscurs diring
nightima. If  dilferent proporticerof the traffic
oceurs at hight, find the- appropriate nighttme
adiustment fator trom Table 5. Record your
answerin column 11 of Workshaet .

Toble$

Fraction -

of ADT Facior

g 0.43.

.01 0.48

a0z 0.4

.05 082

010 0.81

0.35 100

020 .49

025 138

030 157

035 177

0.40 196

045 215

0.50 234

Once you have selectod alf the: appropriate
adjustment factors and antered them on
page 2 ol Worksheet C, multiply all the:

mikile ADT {columii 12) for 24 hours, foond
on page 1 of Worksheet C. The resulting
sz‘mwmmmm
13. Thisisthe ADT value to ba used, in
conjunction with the eftective distance from
thay NAL tothe road, to ind the DNL valie
from Workehant 1, Enter this DN value in
solumri 14.0f Worksheet C. femember thisis

the DNL from automobiie {as well aslightand -

treeditn truck) rotse; you must still find the
DNL contribution feom Neayy tnick noise in
order 1o obtain s todal DNL producsd by the
roadway you an assessing.

Attenuation of Noise by Barrers:

This adjustmant radices the noise produced
by ssomoblies and rucks onithe same road.
Instructions for this adjustment appear alter

Truck Trafhe

Wherever possibie, separate the average
daily volurme of trucks info-heavy rucks
{more than 26,000 pounds vehicle weight
and three ormore axles); madicrn iticks
{less than 26,000 pounds but graater than
10,600 pounds), light trucks {Counted as if
they are atomobiies). You should alreacdy
have scoounted for medium and Bght Inicks
inyour automebile evajuation. Do not forget
that tuses that can capry mors than 15 seated
passengens are-counted as heavy frucks,
Heavy irucks (including buses) mist be
analyzed separately bocause they have
guite different nolse tharacieristics. itis not
posgitie 16 separate the ks into those that
are heavy and those that are not, freat alf
trucks as though they arg " heavy.”

Workochatt 2, which is used to svaiuale the

site's exposury to heavy irack nolse, was

derived with the follawing assumpttions;

* Thetais ine-of-sightexposure from the site
to the road; 1.6., thens 18 1o barrier which
dm@;mmmmmm

Omemadgad;em&bsaﬂmz’wm
nl‘hermsnumpsiga(mma“ :
within 600 feet ﬂ»s‘m

It aryy of the conditions i different, ke the

necessary adjustment(s) iisted below and
ther use Workehart 2 ¢ 6 evaluation,
Figara 6.

Use of Workchart 24

MM{'&BM
” : ;

;
i
1
I
i
!

Adjustments for Heavy Trucks
Km&agmdmdzwmam frxd
theappropriste ddjustrment factor, for heavy

$rucks going uphilf only, as shown in Table 6.
Listthis faotor in colunn 17 of Worksheet C.

Tobie§

Porcantof Adjustraent
Gradiem Factor

2 1.4

k1 1.7

4 20

5 fo

Bor more 25

Exomple Sa: Aoad No. 35 a limited access
ighway with no stop signs and the average
spead is 55 mph. Current traffic data indicats
an automobiie ADT o 40,000 vehicles of
which 15 percent oocurs during nighttime
hours (10p.m. o 7 an.), With an elffective
digtarseof 270 feat ity NAL No. 2, Workchart
1is used to show that the DNL. for axisting
gutornobile traffie ks between 63 and 64 dB.
Found off 1o 64 4B.

Exampie 9h: Howaver, raffic
mmwemmmﬂm
increasa to’ wooeawmmnm
speed of 55 mph and righttime usege Wil
incraase 1025 percant. For fiure traffic, you
st adiustthe future ADT 6 100,000for the
eftectof incrensed righttime use. From Table
$, you findd an adjustrrient factor of 1.38. The
adjusied ADTis

1,38 x 100,000 = 138,000

anc at an effective distance of 270 feat you
finct from Workchart 1 that the DNL will
increase to 69 dB; thersfore, ptovision Jor
ira noise control measures should be
axplored, We will examine in Exampla 13the
effect of terrain as a shislding barrier that
provides sound attanuation,

&6

Example 10: Road No. 1 on Figure 4 meets
the four conditions that allow or an imme-
diate evaluation, The ADT for heavy truck
fow is 1200 vehicles, mm:mnz shirwa that
the sxptsure o ruck noise from this road al
memmedmmafaagwmamm
$3dBat NAL No. 1.



Averaga Traffic Speed:

Make this adjustrant i thes average speed
differs from 55 mph. ff the-average tnuck
speedtﬁﬁersmmﬂiwﬁm mmm;

below, amemgmm::uim ismm
shoel C.

Table 7 _ .

Avstite Traffic Heavy Truck

0o fusy ot

&5 1.9

& e 8T

85 138
&mmmmmmwm

ment factor, you can combine the uphilf and

mmmmm mﬂﬁpﬂyﬁw

gradierd factor fimws the spesd

WWWMW{MM’Y
eolurnn 19} {aasuming oné half the tolal 24-
hour average number of iruicks unless:
mmmmmmmmx

roduct ie columi 20, Multiply
mmmmmmeﬁm
ADT/2 coiummn-18). Add the values for uphil
and downkill traffic; entering this sum in
columnn 21. You may now cormplete the
assessment of hoavy truck nolse without
regard to uphil v downhill traffic
separation.

Stop-and-Go Traffic:
HMbasmpsign;m rota traffic
signalywithin 50C feet of an NAL for the site

oni the roadt being assessed, find the-adjust-
mantfaciordetermined according to Table 8.

Enter & in Column 22 of Workshes! G

Yabled

Hadvy Tauck Heawy Track
Traffic Volume Stop-andio

per Day - Adpestment Fadior
Lassthan 1200 1.8

1207 10 2400 26

2#01 mm 7 gg

9601 w Ta.aw 38

More than 19,200 45

ﬁﬁaaﬂﬁwmmmmm &
riatiorget to adiust foe righttime operations ¥
Bwymnﬂiﬁmmdmmw
using the facturs obtaingd from Table 5 just
&s for agtomobiles., wmmmm
230l Worksheel C.

At this point, mulliphy the adustment fic-
tors for nighttime ahd stop-and-go traffic
times the heavy ook traffic volume in
colurn 21 1o find the adjusted haavy fruck

_ADT, anfering the product incolamn 24. Usa..

this vislls and the effective distancerfrom the
N&mmmmmuummm
2, entering your answer in column
25 of Norkshaet C. i no shislding barriers
are fo be considered, combine the DNL from
hieavy irucks with the DNL from automphilles
{colurnn 14). The résult is the DN from the
road being assessed and should ba enterad
onWorksheet C.

But

i a shiekiing barrier is 10 be considersd for
the site. make the analysis destrted below
separately for automobiies.arl then for
heavy trucles Before combining the DNL
values: This step is necessary since barers
arotar mete effsctive for automobiles than
iorhaavyimdcs. Omgyouhmfomdme
amourtol attenus nprovided by the barrier
for automobiies, anter in column-18, Find
the value of barrder atternuation for heavy

.

trucks and enter it in column 25. Sublragt
these atteniation values from the DL
values oblained previously {columns 14
and 24), entering te raducad DML valuss
m ca!uﬂms 16 and 27. Combine the
2] heavymmwues

redunedhytheatmm provided by the.
MMF.MWWWDNLMMMHHB
oadway atthesite.

Rempmber tocombine the contibutions o
mmﬂmmmmmxem
ment at each NAL for tha site 10 oblain the
mwﬁm&mémm Enterthis DNL
on ‘orkshuét G and the summary
Workshoet A,

mmmwm
mmmmmm@mm

thve locations fram ground level noise

‘sourcas. For exarmple, a barrier miay bethe
best way o deal with housing sites atwhich

‘e noiss exposing is notacosptable be-

cause of nearby roadway taffic,
Abarrier may be formied by the road pro-
!ﬁa,byasdnwammmpya _

orbymetamlmmﬂ Tobeaneffsclive
shiold, however, the barfier must bock all
rasidantial levels from line ol sight to the
road; itmust nothave any gaps that would
aliow rivise i feak through.

So/né Profiminary Matters:

In.avaluating nolse bardor perfomiance, you
wﬂlb&woﬂ@guihdﬁammldndsnf"ds—
fantes" beiween tha sound source, the
observer, and the bamer.

Actuni Distance - the existing distance
that would be measured using a tappmea-
s withno cormactions or adjusttments. This
may meanona of two things, depandiny on
e application; sithet the:

« &ant distance - the actual distance,

Exsmnpie 11: Road No, 25&355@9@&?
390 featirom NAL No. 2. Therb isalso aroad
qgradiant of 4 percent. No heavy trucks dre
aliowed on this road, but a schadile shows
an ayerané of 12 large buses pass along the
toad perhour between 7 am, and 10p.m.,
athongh Ho buses are schaduled duning the
remainitg nighttime period. Tha buses sk
Wmhmmmm
road. (Remember large buses, those that’
carry ovar 15 seated passangers, count 25
heavy trucks.)
Wofind the ADT for the “heavy frucks™ the

buses in this case’ by mulliplying the sverage.

numberof vehicies per hoyr by thenumber of
hours botweer 7 a.m. and 10p.m; Thatis, 12
x 15 = Y80, or 90 vehicles in each ditestion;
W firid from Table 6 that the gradient adiust-

mand factorfor uphill raffic is 2.0, We find the

mmmwmm
uphitl; 90x2.0 =180
dowrifill: = 90
toial (colunn 21) =20 vehicies

From Tatsa 8, mwmw,mmm
iersmpa:ﬁ-go&aiﬁctobei 8.

Wae also remembiar that we have no buses
mmmghtﬁnmpaﬂndwmmmm
Table 5 on gaga Bor zen nightlime opera-
fions ¥ be .43,

GlnﬁnaiadwwADTis{mkm24)

1.8 X 0.43 x 270 = 209 Vahicles

From Workchart 2, with an effective distance
of 174 Teet, wa find  DNL of 59 8.

87

Exampie 12a: Boad No. 3 is a depressed
highway and the profils shisids all residential
iavals of the housing from line of Sight 1o 1he
waffic. The average truck spead is S0 mph.
The ADT for heavy trucks is 4400 vehicles.
We adiust for average speed (from Table 7)
4400 x 0.81 = 3564

and find from Workchart 2 that, with.an effac-
five distancs of 270 Teet, the DNL from thik
noise wolild be 6948 if no barder axisted.
attenuation,



measured along the Ina of sight hetween twd
points; orthe
& map distance — the actual distance,
measured ofs a horizontal plane, between the
wo polnis, as on amap oronthe project plan.
For an pbserver highinan apartment
tower, the siant distance to the road may be
mnhbngar&anﬂmmapdistm
Bwbrsmmsskmmm
of nolse attenuation In desibels (dB), deter
tminad with the aid of Workkdsant 6, This
rumerical value is sublracted from the
praviously caiculated DN inordertofind the
resultant DNL at the Noisa Assessment
Localion, '
Note: Anoise barrisr can be considersd as
g means of protecting a site o noise aven
##tcannot ‘wrap around. the site 1o shisld
Arorm view practically all of the source of noise
&l gvary sensitive location on the site, Kmust
ba recognized, however, that such 4 barder
is much less effective than an ideat barrior.
{See Workchart'7 and Step 6 below.} .
Barriers of raasonable height cannot be
expacted to protect housing more than a fow
siories above ground level. Bariers witl
generally protect the ground and the fiest two
or three floors. but ot the highar fioors. i
there ara to be frequentiy otoupiad bakconies
on the upper lavels; one solution is to move
the bullding farther from the noise source and
facethe sensitive areas away from the nolse.

Steps io Evaluste a Barler

1. For tha cbserver's position, use the mid-
hieight ofthe highest residentiat level. For the

& clasel locomolives of fraing using homs or

whistles al grade crossings ~ 15 teaf above
the. rais.

Getacourate vaiues for the following

quantities: h, the shortest distance from the
mwwmmdeWw
observer; R and D, the slant distances along
the lina of aight from the Bairer o the sburcs
and observer, respactively (see Figure 8).

2. Enter at the topof Workehart Bwith the
value of h on the left-hand scale; move right

tokltersectmawweouﬂmmﬁngtcﬂim
D, whichever is smaller).

8, Move down 1o intersect the curve corre-

sponding 1o the value of D/R {or R/D, which-
evar is smaker).

4, Move right lo Intetsedt the vertical scate In
ordar io firgd the barmier shielding value A in
dacibels,

' -s,mmnupaondmnmofsmwmm

batwaen the noise source and an obasrver
reduces the amount of sound sttenuation
provided by theground. Find the amount of

this loss Bfrom the table on Workchan 8ty

anterirg the table with the vaive of /R, Fing
the barrier attenuation value S corrsshond-
ing to an ileal barer that completely hides
the noise source from view by subiracting 8
from the value of A oblsined in Step 4.

6. itthe barrier exists along only a part of the
road o that unshielded sections of the road
would be visible from the siy, the barderis
léss effactive than an iGeal barvier, On g plan
view of the site. locata the two ends of the
bartier and-drsw lines frand these points B
the Noise Assessment Location. Usea pro-
tractor to measure the angle formed atthe
NAL by the two Sines: Emerthe horizontal
scale of Workchart 7 with the values of this
angle; read up 1o the curve having the value
ot & determined ffom Step 5 (nterpolating #
recessary); read left across 1o tha veitical

; " fing the value of FS 1o uss for the actuel
source position, use the following heidhts barriern question.
{sve Figure 7): Spacifically, Rand D are the two
& autos, medium trucks, rallway cars - the ;mm;‘mmm{,{mmm 7. Subwmmbanﬁeranenuancmvmstor
road o raitway surface height his not the height ol the barrierabovethe T3 If adjusted for finlte barries length accord-
* heavy trucks - B fest above the wad ground but the istanca from the baier top ing 1 Workchart 7) from the valus of DNL
surface 1o the line of sight. previousty determined 10 reevaiuate the site.
with tha nolse bartier in plage.
Example 12b: {RefertoFigure8) Sixstorles  Some people with & technical background
ara planned for the housing where the site  will be able o fitthe geometric diagram to the
hes an elgvafion of 130 feet. Thaeffective s situationreadily, workingfrom the project
elevation {or the highast story is found by grawings and a scrstch sheel.

10

mulliplying the number of stores by 10 feet,
adding the sits whevation. and subbracting 5
feat.

(5% 10y + 130 - 5+ 185 fest

Tho bartier, which inthis case is formed by
the road profile has no "height” cther than
tha elevation of the nahural terrain above the
rolse solrces travelng on the madway. Tha
important dirmangions are indicated in
Figure 9.

But  you are riot tontideint of your geom-
elry, Workchart Sgetsyourthe values ol #,D,
and h from the map distances and elevations
of the site. We liusirate that procedura inthis
axample.

First, enter the slovations of the sourse (8),
the obsecver {O), and the top of the barrier (H),
aswel asthe riap distances from the barrier
tothesource () and cbiserver (D), atthe top
rightt of Workehart 5. Then, follow the steps
mmatwmmnmaammmmdh R,
and D that are neaded Inusing Workchan 8.

Entering Warkchart § at the upper st with
the value of h (5.5 taet), we move horizontally
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wﬂwﬁﬂuaﬁtwemmmdﬁmn Example 13: Anshemative approach, which i we carefully scale the dimensions
whicheveris smalierinthisexample, R=62  is somewhal more direct, is ilustratedhera direcily from this skeleh, we findthe following
feat Fromthal pointwe drop vertically down- forﬁnmlsaolamnmobihsmﬂwm 3. valuestorh, R, and O
ward unilwe mest the value of R/Dor D/R, Aprefiminary step isto make an acouratoly A=83fost
whichever is smaller: inthis cace, /D = saaled sketch of the general geoinety R/Did 3
0.2, From that poirt, move horizontally to  introduced on page 8.t mustincude e o0 p s T
the right to find the value for A = 8dB. Enter- positions of tha source itis time at the road 1;=11m
ing the table for determining lossof ground surface), the observer,and the opofthe. = ' _
attenuation effact due to the bamier with-a barrier; and will show the distances h, RL.and  The barrier atlenuation is found, by enter-
value for D/R of 35, the reduction in . Such a skeich is shown superimposed on  ing Workehart 6 with thess values, to be
attenuation (B) is found 10 be 3 dB. the profile of the road and i neighborbood  A=12.dB. Rtis larger than that found _
Substracting 3 dB from 9 dB provides aret i Figure 12, for trucks because the noise sourcs is lower
attenuation of 6 dB. With & 4B of attenuation, and is, therefore, betler shiekded by the

#ha originat DNL of 63 dB (Example 124} is
reducied o 83 gi.

&8

againB=3d for anetattenuation ol 12-3 =
8 dB. In Examplo 8, we found that the DNL

11



Figum 12,
Skutch Showing Dimensiona for Exampie 13
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for the projected tratfic volume of 100,000
vehicles per day was 89-dB if no considera-
lion was given'the shiglding provided by the
terrain. Subteacting the 9 dB atenuationfrom
69, we find the partial DNL for autormobiles is
60.48:

i order 1o find the combined truck and
automobile noise for Road Mo, 3, we conm-
bt the 6348 ofruck nolsewith the 60dR of
atfomobile foise using Table 1. We find that
1.8 should benidded 1063 dB. for sicembined
DNL 0t 64.8UB, or 6508 when rounded to
the nearest whole number.

-12

Example 14: Wheréno natursd barrier exists,
Workchart 6 can bé used in reverse o esti-
rnate the Height of a barrier neaded to oblain

-a required ahenuation. Ip-example Shwe

found that, without any attenuation from ter.
ralryov @ barrier, the autemnobile traflic pro-

duced a ONL 01 69 dB, and in Example 12a
th heavy track raffic prodisosda DNL .ol 68
d8. menbined,&wtét&i{)ﬂhﬂada

‘Buppose tha terrain were not ising batween

NAL arid Road No. 3, as shown in Figure 12,
but instead was leve! between the NAL ang
the edge of the road, as shown in Figure 13,
Wewantlo find out how high awall, ifiaitg in
length, would be required at the edga of the
road to reduce the combined truck and aulo-
mobile noise {0 less than 85 48, Weo have
four in the previous examples that a barrler

80

of & given height witl provide more aftenua-
tion for autemobilasthan it will for tricks. Asa
first Stap: in gir analysis; ve will find the
height of & wall fat will reduce the truck
noise 1o just below 65 ¢8; say 64 4B, and then
find out whether the additional atfenustion it
provides for autorobiie noise will ba sufti-
cignt 10 reduce the combined truck and
automobilz nolse 1o fess than 88 d8. We-
begin by finding the height of wall that will
provide 5 dB attenuation for truck noise.

We estimate that the retio of RY/D is about
the same as R/LY, the ratio of horizontal
distarie in Figure 13, which is equal to 0.2
Belore srtering Workchart 6, we find from the
loss of grourst attenuation table that for VR
= 3.4 we will lose 3 dB attenuation from an
ideal harrier. In order 1o have a net attenua-



Figuneﬂ
Sketoh Showing Oimensions for Exampie 14
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lion of 5 dB, we must have an ideal barrier
that provides 5 + 3 = B dH attenuation.

Endering Workchart 6 on the right side
scale A at 8 decibels, we move across lo the
diagonal lines, finding .29 by interpolating
between the lineg marked a1 0.2 and 0.5,
Movirig directly ip to & point madwaybemeen
- the R lings of 50 and 70, we fink ouir esti-

matad R ol approximately 60, Moving across
10 the left we find that the line of sight
between the obsarvar and the truck source
height must be broken by a value of b equat
to 4.5t

We can determine the haight of the walt H
in several ways. By drawing h=4.5 feetto
scake on Figure 13, wa canscale the (otaiwall
hmghthobempmxma!aiymrae&Ma
who feel comforiable with gaometry can

caiculate H by using the similar triangle reia-
tionships in Figure 13 to delarmins that His
19.1 fest,

Now we must find how much g wall 18 feet

high will attenuate automobiie nolse,
remembering that the source helght for
automohilles is.at the road surface elevation
o1 125 feet. By scaling the drawing, of ty
geometry, we determine that the fine of sight
mobile sourca is Broken by avalue oih thatis
approximéately 13 feet. Entering Workchart
6.1 13 feet we find, for R=60 feet and
RID=0.29, that the potential barrier attenu-
ation i3 12dB. We must reduce this by 3dB
forloss of ground altenustion to find the
atiuat shielding of automobile noise 1o be 9

61

dB. The original 53 dB of automobile noka is
feduced 1o 68 - 9=60 dB.
Finally, we combine the heavy tnick npisa,

-altenuated by the wall 1o 69« 5 = 64 g8, with

the automobile noise reduced W 80:dB,
fini} a combined DML of 655 dB, or 66 (B
when rounded upward, Remember, how-
aver, that this is for s infinite wall, Furthar
adjustments woidd have tobemade cncathe
aclual length was known.

13



Necessary information
Foevahuale a site's exposure to rallway
ngise, you will pead to consider all rapid
transit lines and railroads within 3000 feet of
the site {except iotally covered subways).
Theinformation required for this evaluation is
listed balow under headings that indicale the
mast likely source.

Before beginning the evaluation, you
should record the following information on
Worksheet D:

£rom the area map andior the (County)

* The distance from the appropriale NAL on
the site to the cerder of the raitway track
mmwdmtraﬁc

Fromthe Supervisorof Customer Ralations
# The nurhber of diesel raing and the
nutnber of slecrified tmins in both directions
during anaverage 24-hour day.

» The fraction of trains that operate during
pighttime {10p.m, - 7 a.um.} i this is unknicwn,
assuma 0.15.

& The average number of giese! iocomatives
per train, f thisis urdaown, asiume 2.

» The average number of rallway cars per
diesel train ard por eloctilied frain, Hihis s
unknown, assume 50 for dissel trains and 8
for electrified trains,

»- The average train speed. If this is un-
known, assums 30 mph.

+ tsthe wack made rom wealded or boltsd
rafis?

rafiway;

& |sthe shie neara grade crossing thatro-
quires prokingad uge of tha train's homor.
whistie? it so, where are the whistte posts
located? (Whistle posts are signposts which

tell the engineer to start blowing the hom or
whistle, Every grade crossing has whistle
posts and they are fisted on the rafiroad’s
“track charts.” if traffic on the track is ona-
way, there will be only one whistle post. The
grade crossing itself is the other “whistle

Electrified rapid transit and commuler trains
that do rol use diesel engines should be
treatad the same as raitway cars.

Rote: Busfo“mgs closerthan 1001eettoa
raliroad Irack are often subject 1o excessive
vibration fransmitied through the ground.
Construction st such $ites is discouraged.

Evaiuation of Site Exposura to
Ratiway Noise

Aailway noise is producad by fhe combina-
tion of dieselengine noise and railway car
noise, Thess Gultalines provide for tha
separale evaluation of diasel locomotives
and raiiroad cars, and then the combination
of the two, in otder to obtain the DNL from
fraing. When rapid transit or elactdfied trains
that tio not use diese! engings are the only
{rains passing near a site godirecty'to the
second pan of the evalustion since thirse
irains ara freated in the same matneras
ralway cars,

Diesel Locomotives

Workchart 3 was derived-with the following
assumplions:

s Aclear line of sight exisis batween the
raibwiy track and the Noisa Assessment
Location.

» Thete are two diesel locomatives pas train,
* The average irain spesd is 30:mpty.

» Nighttime operations are .15 of the 24.
hourtotal.

o The ghte is nol mear & grade crossing re-

quiring profonged use of the train's hom ot
whistla,

1 thes situation mests these conditions,
proceed to Workshart 3 for an immadiate
evaluation of dieset locomolive nolse.

But:

it any of the conditions is diffarent, make the

nienessany adinsknents listed below and then
use-Workchart 3 for the svaluation.

Figure 14.
Uss of Workchant 3 10 Evaluite Disas)
{.ocomotive Nolse

H the avarage number of diesel iosomatives

per train is not 2, divide the averags numbse
by 2. Enter this value in columm 9 of Woik-
sheet D,

Example 15a: The distanca from NAL num-
ber 1o Railway Number 115339 teet. Two
percent of tha 35 diily oparations occur at
night; fhete ks clearting of sight betwaen the
tracks and tha NAL, and no homs o whisties
are psed. No infermation i availibie on train
§ize or speed, therefors we will sssume 2
engines per irain and a speed of 30 mph.
Since the percentage of nighttime Gpera-
tions i different from 15 percent, we must
adijust the actual number of daily operations,
multiplying by 0.50 actording to Table 5.

0.50x35=175=18

Entering Workeharl 3with 16 dafy opera-
ticas andd 3 distance of 339 7es, we find that

14

thercontribution of dleselengine naise s a
DNL of 59 dB {see Figure 14).

Irs ey 10 find the total contribution of the
Iraing to the total DNL, we mint also fird the
noise level produced by the train's cars.
Entering Workehart 4 (see Figure 15) with 18
daily operations and a distancs of 339 feat,
we find the DNL is below 50 on the chart, o
more than 10 decibels lower than the nolse
leved produced by the engines. Based on the
chart for decibal addition, the combination of
the inoise frofn the engines and the cars
acids less than 0.5 decibels 1o the DN value
for the englnes alorie, 59 dB.

Example 15b; Suppose that a forecast of

v ain operabions for Bailwdy 1 indicates

that thers will still be 35 irains per day, but
now 50 percent ofthe operalicng wiltoccur at
might, the average trainwill have 4 engines
and 75 cars, and the average speed will be
&0 miph.

We first find the contribution to DNL mede
by diasel kesureitives by using the iollowing
adjustment faclors:

* number of engines sdiustment; 2

* spead adustment: G.60
¢ day/night adjusimant:2.34

We multiply these adjustrents togather
with the numbser of traing:

2X060X234X35=98

Entering Workcharl 3 (sea Figure 14} with
58 dally operations and s distance of 339



Avarage Train Speed:

it the average train speed is diffarant From 30
mph, tind ihe appiopriate adjustment factor
from Table 9 and list in cohumn 10 of Work-
sheetD,

Tabls 8

Speed
Average Bpesd Admstmant
fmph) Factiy
10 300
20 1.50
20 100
AQ 075
S0 060
&) 050
¥l DA
Horns or Whistios:

gradie crossing, enter e number 10in
column 11, Workshest 1.

Nighttirie Adjustment:
Remember to adiust for nightiins operations,
i different from 0.15 of the iotal, by sefecting
50n page B Enter in column 12,
Worksheset D.

Muttiply the adjustment Iactors together,
times the number of dieseirsing per day (you
havilistegthis number previcushyon line 2a,
page 1, of Worksheet D, and should enter

mmagamhcdmma)teomm 'S

adjusted number of frains: per day. Enter the
adjusted numbsr of diesel trains per dayin
column 14 Use this value, inconjunclion with
the distance fromthe NAL io the frack (line 1,
page 1. of Workshest D}, o find from Work:
chan 3 the DNL produced by diesel ocomo-
tives. Listin columm 156 Workshest U,

AT
agn

RAsitway Cars and Rapid Tranalt Systems

Workohart 4 was derived with the Ioflowing

assumptions:

* A clear line of sight exists betwaen the
railway and the NAL.

» There are 50 cars per frain.

« The average lrain speed is 30 mph.

& Nighttime operations ang §.15 ot the 24-
houriotal.

= Hails are welded together.

I $ha situation meets thase conditions,
proceed to Workchar 4 ioran immediate
evaiuation of railway car rioise. Again, #any
of the conditions is different, make the neces-
sary-adjustments listed below and then uss
Workchart 4 for the evaluation.

Figure 15,
Ust of Workchadt 4 10 Evaioate Relbwiry Car

Ruitroads -~ Cars and Rapkd Tramnait

Adjustments for Raltway Cars end Rapid
ransit Tralns

Nurnberof Cars:

Divids the average rumberot cars by 50and
enter this numbar in column 18 of
Workchart D.

Average Speed:

Make this adjustinent, if the average speed is
110t 30 mph, by gelecting the appropriste
valug from Table 10, ertering it iv column 19
af Workshest D,

Tabie 10
Averags Spead Atﬁlﬂmwi
(mph}
0 0.1 |
20 044
30 100
AD 1.78
50 27
60 400
70 544
8 7.4
80 .00
106 HHn
Bolted Rails:

Entor the number 4. in column 20 of Work-
sheat D,

Nighttime Adjustment:

Enter the appropriate adjustment factor from
Tabie 5n colurnn 21 of Waraheot D,

fout, wo find thatthe site has an engine nolse
contribetion to DN of 66 dB.

We next cblain the adjustment factors for
= number f cars adjustment: 1,50
» gpead adiustment: 2.78
o day/night adjustment: 2.34

Multiplying the adjustient factors times

the average dally number of trains:
1.5X278 X234 X35 = 342

Ervtering Workehart 4 {see Figure 15) with
342 operations and & tistance ol 335 foot, we
find the contribudion of the cars tothe DNL s
60 dB. Using Table 1 for combining levals, we
find that the & dB differance hetwoen engine
noise ut 66-and car nolse at 60 gives a com-
bined DNL of 67 ¢B for thess raing.

Example 16; The distance friomNAL ruimber
2o Railroad Number 2 is 550 feet; thete are
100 operations per day, of which 30 parcent
occur at night, A clear line of sight exists
betwsei the site and the fellroad, and no
homs or whistles are used nearby. An.

‘average train on this track uses 4 engines,

has 100 cars, the average speed i 40 miles
per howr, and the track has bolted, not
woidad, ralls,
Wi first find the adjustment factars for the
thasel engines:
- mwdangmw 2
s spoed adjusiment: 0,
. daglrﬁgluadiuslmenﬂ 5¥
Multiplying the adjustments together,
times the number of traing:

2X078X 1.7 X100 =236

63

Entering Workchast 3 (sea Pigurs 14} with
235 oparations at a distance of 560 feet, we
find the DNL contribution froi sngine noise
tobe 67 dB.

Next we find the adjustment factors for the
ralroad cars:
- demzz

2X1.7T8X4X 157 X 100 = 2236
Entering Workchart 4 (soe Figure 15} with

{Continved next page) 15



16, Figure §7. Tgure 18,
Showing Dimerssions for Exsmple 16 Use of Workehart §in Example 16 @o{h‘m«mmzs
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mﬁeoperabonsatadismﬂﬁsoteet.ws st fand itzelf to direct scaling &F this W cannow use these nurnbers to snter
find the DNL contribution from the raliroad  distances.) ' Workchart 6o find the pofantial basrier per-
cars o be 65 dB. Combining the engine ' formance (that is, the barrier adjusiment

sound levelswith the car sound levels we ind
the total DAL from the trains to be 65 dB.
Itwmﬁdbepossmamremxmoe%m
barrier, running paralisl to the track at a dis-
tance of 50 foet; it could stad &t Foad Num-
ber.2 and run 200 feet noth toward the air-
port, as shown in Figure 18, Soth theraiiroad
track andthe ground level atthe barrierfoca-
fion are at an plevation of 160 eat. Thus, we
have Mf&bwngmsmmmmm
Iste the potential reduction in engine noise
{using Workchart 5). (Because tha distances
involved are s unequal, this situation does

16

H = 1580 fae! (20' above the ground)
& = 175 fppt (15" above the track, soe
pege 19)
0 = 285 feet (from Exampie 11 in tha section
on roadvay nolse}
R = 50/eet
D= 500 feat
We find frory Workshest § that the values
of B and U are no different (within the acou-
racy of the calculation) froim R'and I, 2
siuation that will ahways ocour when the
differences in elevition are so much smaller

manm&tmmmmmmma
source, The valveol his4 feet RID = 0.1

64

factor that would apply inthe cass of an in-
finltely long barrier]. Entering Workchast € at
i = dfget, with B/D = 0.1, we find the basic
attanuation of the barrier {o be 7.5 ¢B. How-
ever, with DfR = 10, wa find from the tatde of
loss-ol-ground-sifect attenuation thatwe
must subtract 4 di fromthe 7.5, or a net
gifect of 3.5 dB. Howaver, the situation is
#ven worsa, sings the barrier is finite in
fength. ' '
Tofind the actual atienuation for this finite
barrier, we mustfirst find the angle sub-
tended by the bamier 1o the NAL Referring
e Figure 18, we draw jines from the
NAL sach end of the barier, Wilh
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a protractor we measuire the angle balwean
the two linss o be 77 degress. Locate the
Gigve of Workchari 7 corresponding to tha
potertial Barer sttenuation of 3.5 d&; it lles
midway between the two lowest curves (See
Figura 18): Thepoﬁﬁmih&mem

mmmmmsbamrmm
woriid be only 1.5 dB, Withonly 1.50Bof
atteniation, the barer is clearly not cost-
effective. In order to sthivve a usable
aitenuation from the barrier, i would have lo
bes extenced bayond the other side of Road

Kumber 2 1o obdain a larger sublended angle,

This extension, however, would sill nothe
cost-effective uniess the height of the barde-
worerincreased substantially.

17



Summary of Adjustment Factors

Combination of Sound Levels ' Raliroads - Diesel Engines
Table 1 TableS Nighttme (apptios t alt sources) The number of engines divided by 2.
Differesca in Addw NW
0 30 o i Fackor Table 8 Average Train Speed o
i 25 o 0.43 . : Speed
3 ! s 4 (rph) Foar
H i3 0.05 062 10 300
B 1% 0.10 081 20 1.50
5 8 0.15 1.00 4 1.00
8 06 0.20 118 9.75
8 05 925 1 2 e
10 04 - A % o
12 0.3 0,40 196
}g g.a; 045 215 z"m“m
. “Multipty rmber of trains by 10
greater than 16 0. 250 2% by
_ Medlum Trucks Reliroads - Cars ant Rapid Transit
{legs tha 28,000 pounds, greater than Humbers.of cars, .
Table2 DNL Owtsics 65 dB Contour 10,000 pouris) Nurnbar of cars per train divided by 50.
D =distance from 65 i contour to tight path Multiply sdjsted sutomobile traffic by 10, Oy I
B o b A e : b Table 10 Average Train Speed
2] DML Speed
: i Aver
o = FosryTrucks e
i, ; T o 2 s
126 &3 Porcentol ap 1.00
1.41 62 Adjustment 30 1.78
158 81 Sradient % 218
égg gg a 14 70 544
: 3 17 80 7.4¢
224 58 90 8.0
281 4 P 2 100 EXL
3: 16 58 B ormorm 25 m Faily
_ Mtioly rumbar ol irsins by 4.
TabieT Avarage Speed Whisties or Homs
Autormobiie Traffic wmmc Truck Spaad Mudtiply number of iraing by 100,
Tabled  Stop-and-go {mph} Factor
m Site Autommobile Ssg of bess ?33
fest ' Acusiment Factor g‘) 147
0 0.10 138
100 0.25
20 b Tabled Stopandgo
400 470 Heavy Truek Heavy Traek
500 085 Tradfic Voime Stopeand-Go
800 1.00 per Day Adjustrownt Factor
fhan 1.8
120110 2600 20
- 2401 164800 23
Tobled Aversgs Traffic Spoad gg} ggg;}oo g,g
Avel 19,200
Tfaf?csgww Adjustment Facir More than 19,200 45
20 {mph) 0.13
25 0.21
0 030
35 040
40 0.53
45 057
50 083
55 1.00
& 1.18
65 1.40
70 162
18



Workchart 1
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Heavy Trucks (55 mph)
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Workchart 5 Enter the values for,

Nolse Barrier
To find B, D and h from Site Elevations  H=

and Distances
&=

Fill out the following worksheet
{all quardities are infeet): Ox=

1. Elwvation of barrier fop minus elevation of source

2. Blevation of observer minus slevation of source

3. Map distance betwean source and obsarver (R + DY)
4. Map distance between barrier and source ()

5, Line 2 divided by fine 3

8, Square the quarilly on line 5 (i.e., mulliply itby Rsell).

always positive
7. 40% ctliine 6

8. One minus fins 7

9. Line 5times ling4 (will be negative if lina. 2 1 negative)

10, Line t minus ine 9

11. Line 10timag tine 8

12, Une 5 times fing 10

13. Line 4 divided! by ine 8
14. Line 13 plus ling 12

15, Line 3 minus line 4

16. Line 15 dvided by line &

17. Line 16 minus line 12

[H
[0

{2
[5

[
[s

[

&

[s

(4

[

{2

[15

[15

1~[®
Rl

1+0

]x[&
Ix [
-0
Ix [¢
-
% [®
1% [®
1+
1417
-0
1+ 0
- [

]
]
]
]
I
]
]
]
]
]
] =n
]
]
] =nr
]
]
] =0

Note: the value o line 2 may be nogadive, in lin2s 18, 14, and 17, mmamm Found off R and § w nearest indoger, hto ong

which case sowill the vakies on lines 5.9, and 12;  ber is the same ss stbizacting gecimal place,

fine  may also be negative. Hemember, then n X+ [y)=x-y, Mmmm;mngsmmls
ke adding: x-(-ypx+y.

7t
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Workchart 7

[Fs

{dB)
18

j ’ i ! l¥ ..... "
- BARRIER S=20d8 |

LT
| BARRIER 15
Wl | D d ’

10

ACTUAL BARRIER PERFORMANCE, £S5 IN DECIBELS

anyZ4l

ol . - .
20 40 60 80 100 120 140 160 180 200
ANGLE, &, SUBTENDED BY BARRIER AT

OBSERVER'S LOCATION
Corraction to be applied tobiasrier potentialin prder to find the actua!

performance of the barrier of the same conatruction but of finite
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Worksheet A
Site Evaluation

Project Name

Fila Number

Bponsor's Name

Sireel Address

City, Siate

1. Flosdway Nodse

Prachicied for
Operations ln Year

2. Aircraft Noiso

3, Rallway Noise

Vs of DNL B all notse sources: {pee page 3 for
combination procedure)

Final Site Evaiustion (clrcle one)

Accepiable
Normally Unaccepiable

Signature

Clip this workaheet 1o the top of a package
ooftaining Worksheetz B-E and Weorkchars 1-7
that are used in the site evaluations
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Worksheet B

List all grports within 15 milos of the siiy:

1

Z

3 ..

Necessary information: Adrpori 1 Arport 2

1. Are DHL, NEF or CNR corfinirs avafiable?

{yes/no)

“{yessno)
3. Esfimating spproximate contours from Figure 3:

&, ranber of nightiime jot operations

b. sumbar of shaytiee jot aperations

(108mesa+ by
o distanci A tor 85 98

7048

7598

8. dislance Bior 65 dB

7008

75 dB

4. Extirmating DAL from Table 2:

8. tistanice from 85 dB commng 1o

fight paih, 01

b, distance irom NAL to fight
path, D2
. D? givided by D

d. DNL

§. Operations projectad for what year?

£, Toted DML from afl sivpers

75
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Workshest C Page1

Noise Aspessayect Geddelines

List afl major roards within 1000 et of the she:

1.

2

3.

4

Necassary informstion Road §

1. Distarice n feet from the NAL I
the edge of the road

8. nearest lane

Pond 2

Fond 3

b, Tarthost lsne

. sverage {sffective distance)

2, Distance 1o siop sign

3. Hoad gradient in penardt
4. Averape speed in mph

a. Automobiley.

b. heavy trucks - uphil

€. haavy trucks - downhill

5, 24 hour avatage mumber of aufornobiles
B frndiven trueks inboth dirsclions (ADT)

a. aitomobiles

b. i ks

. oflective ADT (3 + (10xb))

6. 24 hour avsrags number of heavy inicks

4. uphil

b. dewenhil

. ot

7. Bracton of nighttis affic { {0p.m. 0 7Tam.)

8. Tralfic projectsd for what ypar?
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Worksheet C Poge?2

YNolse Azanswment Guideline
Roachwey Nolse
Adjustrments for atomobBe Traic
8 10 11 2 13 14 15 16
mo w e ADT Addiusted oL arien
Tablé3 Talie 4 Tabie & {#ne 50) Ao ADT {Nodchant 1) Aftenuaion DN
Road No. 1 X % * = - -
Road No. 2 X X % = - =
Road No, 3 X X X = - -
HoaiNo. 4 X x » - - =
Adjicetments for Hemey Truck Trdfic
17 l 19 20 21 brd ﬁm T %}"* 26 2
Gradiost S oy e -  Bamer  Partial
Table 8 ﬁ@ %‘% Tale5  ADT %2) Agn, oML
$iphil % X =
No. 1 A X
Downtiift X =
Liphill X X =
Fload No. 2 A .. X
Downh#l > =
Liphdl X X =
No.3 Add X
Dowinhil X =
X X =
d No. 4 A X
Cowphitt X -
Combsinad Mstomobiie & Hesvy Trck ONL
o Totl DNL for
A0S NG, T s ROBA NG, 2 Foad M. 2 e FOMNo. 4 Al Romds
R Date




Worksheet D Page 1 * Hoise Assessment Guldelines
Ralivay Nolze

List Alf Raibways within 3000 foet of the site:

1.

Z

8

Nocsssary information: Reliway No. 1 RaitwayNo.2  Ralway No. 3

t: Distance in feet from the NAL to the reliway triek;

2 Number ol trains in 24 hours;

a diesel

b. glectrified

3. Fraction of operations accuring ot night
{t0pm, ~7am}

4. Numbier of disse locomotwes pes frain;

5. Number of rail cars per train

a. dieseltraing

b. siectrified traing

‘B..-Average train spead:

7. s rack wiided of bolted?

8. Arowhisties orhioms required

78



Worksheat D Page 2

Noise Assesument Guldelines
Raltway Noisa
ﬁgo o 10 1 12 13 C14 15 18 17
- No. of
2 Tablsd {sier 10y Tablgh {ion 22) d&u& Workchant 3 Astn, DML
Raitway No. 1 X X X X = — =
Railway No. 2 X X X . = - =
RMNO.a x % X X = - =
Adiustrnnts for Raffway Cara or Rapkd Transit Traine
18 18 20 2 % o 2 2 25 2%
T8 Toble 10  (ordexd) TableS  2nor2h) olDprs.  chatd A, ey
Raliway No. 1 X X X X = - =
Raiway No. 2 X X X x = - =
Raitway No. 3 b4 x X % = - =
Ry No. 1 FabwayNO. 2 o, RO NS “Total DG or il Raiwsys
Signatuse Dain.
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Chapter

A Workbook for the Noise
Assessment Guidelines

Introdusction

Tha following problema wers
prapared 10 give your the opportunity
o practice the calvutations and
procadures described in the Nolse
Assessment Guldelines, Because it
I8 80 rarely used, we have not
Included any problems: dealing with
thewaalrmmisapmjtm

not reproduced the
charts or tables: from the Guidslines
80 you will need to have it 2l band 1o
do.the problamis,

Nolse Assessment Guideiines Workbook

Prodlems 1 Theough 7. Combining Sound Levels iny Decibels
Caiculata the Combined Sourd Lavel for the Following Sels of individual Levels:

1, 67 LDN 2 83LON 8. 511DN
G1LiDN - SILBN 53 LON
Comibined Combined —_ Combined
4 . 87 LDN
&N > % o >R ioN
— Combinad  Combined TLLDN
7. 73 LON bovel
72L0N
81 LON
67 LDN
_——
Levat

Problems § and S Caleulating Efeciive Distance
Calcuiate the Effective Distances for the Following Roads:
8. Distance in Feet from NAL to:

ik

i
§
£8

Mmmwwfm

The Adjustant Factors mawwmsawmmm
J&MWWWMM

10. A Hodway Whisre the Roed Grixdiant 15 1%, the Averss Speed for Both Aufos and
Trucks 4530 MPH and the Fraition of Nighttime Traffic Iy 10%.

Adjustmend Factors Neaded:

Volue of Adjustmant Factors:

1. A Boadwsy Whemn There is A Stop Sign 400 Fast from the NAL The Geadiant Is 1%,
the Average Spead for Autas Iy 45 MPH (Thare Are No Trocks) and tha Feaction of
Nighttime Traftic is 16%.

Adjustment Factors Neded;

Valueof Adjusimant Factors:

a1



12, A Roadway Where the Road Gradient Is 2%, ihe Average Spoed for Autos Is 50 MPH
;r;tmiorgmks% MMIIWM“M&SOWWMFW&NImm
c Iz 10

Adiusiment Factors Needaed:

Value of Adjustment Faclors:

13. A Raliroatt Whara the Fractica of Uparstions Occurfing at Night Is 90%, the Average
Yraln Spaed is 40 MPH, the Track ls Bolted and Thera-Are No Whistle Or Horng
Roquirsd for Grade Croasings.

Adjustmetit Fagtors Meeded:

Value of Adjustroent Fastors:

Ww
Adjustment Factors Neodad:

Vatue of Adjustment Factora:

mxmmmmmmumm vﬁ ls .ihaA
Frain Spood a3 MPK, the Track Is Baofted and No
for Grade Croasings.

Valugof Adjustment Factors:




Problees 18 Huouph 21 Soma Bask Problems
Calculate the Combined Noise Lavels for Each of the Foliowing SHuations;

16. A Roadwry Whare the distance in Feel from the NAL 1o the Mear Edgs of the Nearest
Lans [z 310 Fagt, the Distance 10 the Far Edge of ihe Farthest Lane is 358 Feet,
There s A Siop Bign 400 Feet from the HAL. The Grudient is 1%. Tha A
Number of Autesmobiies Is 17,000, the 24 Hour Avtrsgs Numbar of Medium Trucks Is
1,500, the 24 Hour Average Number of Heavy Trucks (s 458 Tolal. The Fraction of
Nighttime Tratfic is 209,

The Corabined Noise Level for This Bosdwayis

17. A Sita Exposad {0 Nolse from Twe Roads. For Foadway Number 1 the Distance in
Foat from the NAL 1o the Near Edpe of the Nearosl Lana J5-125 Foat, the Distance to
the Far Edge of the Farthest Lane 3 233 Faet, Thers Is A Stop Sign 250 Feet from
mmmmenusa% mamsmmwnm“wmmuao

The 24 Hour Average Number of Autoa Is 22000, the 24 Hour Average Number of
Madlum Trocks {5 2,000, The 24 Hour Average Nomber of Heavy Trucks s 550 Total,
The Fraction of Nighttime Traffic Is 10%.

Fummumz.mmmmmmmawmmmﬁ
meﬁmwm Far Edge of the Farthast Lang %%th&w

werage: Spesd for. Both
Aumams Hoawy Trixcks Is 30 MPH. mmmawumdmwuuw
14,000, Tor Medium Trucks 700, and for Heavy Trucks 600 Tofal, The Fraction of
Nighttirns Tratiic I 20%.

The Combinad Noise Lavel for This Sitg is

35
g
=z 22
28
¥
5
2
13
;
§'

18, A Site Exposad 10 Nolse Two: Aafiroads. For mm1,mmmm
mmmmmm@mmﬁkmwmmmwmmm
Hours, No Elactrifisd Tralns. The Fraction of Oparations Decurring af Night ts 25%.
Thers Are 3 Dlaset Locomotives Par Traiv and 70.Cars Pur Traln, The Averags Speed
15 30 MPH and the Track I3 Bolted. NG Whistiea Or Moms Ars Uasd.

For Rallroad 2, the Distance in Foet from fhe NAL to the Rallway Yrack Is 310 Feet.
Thera Are 20 Dieset and 2 Eloctritiod Tralng Each 24 Hoors, The Fraction of
Oparationa Ocourring &t Hight 13 15%., Thirs Are 2 L.ocomitives Par Diesel Traln and
ammmmwnmwmma&m*{mnqumn
Spead Is 40 MPH and the Trick Is Botted, Mo Horms Or Whisties Ans Usad,

Tha Combinad Nolsa Lavel for This Site la

18. A Site Expx to Noisa from Two Rallroads. For Railroad 1, the Distance in Fest
from the wwmwfmawrmmmamvmma
Hourg, Ho Electritiod Trealna. Twanty Percent of the Opecations Ocour ai Night, Thare
Are 5 Locomotives Pee Traln and 75 Cars Per Train, The Average Train Speed 1a 35
MPH and the Track |s Walded. No Homs Or Whistlas,

For Ralivay 2, the Distance in Feet from the NAL (o the Reliway Track s 120 Feel.
mmmmmmimmmnmmmm Twerity-Five Paccent of

he Operations Occur sk Night, Thers. Are 4 Locomotives Per Train and 40 Cars Per
Traln. The Average Tralr Spead Ia 25 MPH and the Track fs Bolled. No Horms Or
Whisties Are Usad..

Tha Combined Nofse Lavel for This SHals

20. A Site Bxposad fo FH”MMMF«M1,WDIMINM!M
the NAL 1o the Near Edga of the Nearest Lane Is 100 Feet, to the Far Edge of the
memmmtmumszopw the Gradiant 1s 1%, Tha Average
Spoeed for Autos 1s 56 WIPH. {There A Tmmmmmumamzt
Hour Average Number of Autos 15 45,000, The Fraction of Nipiitime Teatfic la 16%.

For Road 2, the Distance from the NAL o tha Near Edpes of the Naareat Lane is 45
Fm.mmmmcmﬁmmmmm Thers 18 A Stop Sign 175 Fest
from the NAL and the Foad Gradient In 4%. The average Speed for Both Autes end
Trucks {5 40 MPH. The 24 Howr A Numnbes of Autos 13 15008, Ior Medium
Trucks 500 and for Heavy Trucks 320 Total, The Fraction of Nighttime: Tradtic 1s 20%.

For Romd 3, the Distance fram the NAL 5 tha Near Edge of the Noarest Lane ia 82
FM&MFN%&MWM@MMK&%WB@MM
from the NAL and the Sradlent 18 1%. The Avefage Speed for Both Ados and Taks
Is 25 MPH. The 24 Hour Avecage Nuribor of Autos Is 5,000, for Madium Trucks 1,050
and tor Haavy Trucks 175 Totad. The Fraction of Nighttime Traflic i 20%,

The Combined Moise Level for Thia Site Is
83




21. A Site Exposed to Nolss from A Rallnoad, The Distance from the NAL 1o the Rallroed
s 110 Foot. There Ara 3D Dissel Traing Every 24 Hours, No Electritiad Tralns. Twenty
Parzant of he Operationa Doour ot Night, There Are 3 Locomatives Per Trein and 5
Cars Per Train. The Averape Train Spest Is 30 MPH, the Track is Bolted and There s
A Grade Crogzing Where Homs and Whiaties Are Usad 100 Feat from the NAL.

The Corniined Nolse Levet at This Site s

Problems 22 Througdh 24 Baniers ~ Kentifying the Valusa for H, R, R*, Dand D’
dentify the Yalues for W, H, B, U and 0' for Each of the Following Barrars:

2.
i O A I | ]
o s Y s |
Z, 10°
w P
i
l__ an- - i 150° -
Hs R= R = U= ad ) =
2.

xe @y

LY
CEPEEREIRBERCE
ENREEE RN

F » 50’ »
e R= A = « D= and D=
Berier 40’ 0 170° 20 w
Highast Polind of Hill 307 150° 42: 1

24,

61’ 52’

Hx A= A D= ad D’




mﬁwmmwmﬂwmswz
ksing Workcharts € and 7 Only, Calvuiate the Noise Attstiualion Provided by the
Barriers Wusirated In Problems 22 Through 24. Additional Data on the Angles
Bubtended by the Ends of the Bariers and the NAL for Esch Location i Provided,

25, Calculste the Nolse Attenation Provided by the Barrier Described in Problem 22. The
Angls Subtanded by the Ends of the Basrier and the: NAL 15 150 Degrees,

The Koize Atlenustion Provided Is — . Decibels,

amnatethemmmmpmwtmmwwmﬁmm The:
Angite Subtended by the Enda of e Barrdsr and the NAL Is 90 Degress,

Thss Noise Alteriuation Provided i i Decibels,

7. Calcudate the Nolse Attenuation Provided by the Banier Bescribad in Problem 24, The
Angle Subtiendad by the Ends of the Barder and the NAL 15 130 Degrees.

Ths Noise Attemuation Provided is Decibela.
Probleis 28 Through 3 Barrier Calcuiations Using Workcharts 5,8 and 7

Calculate the Attenuation Provided By the Barriers in the Foliowing Sttuations. Use
Woerkehans 5, 6ana 7.

8. A Two Story Bullding is Exposed 1o Notae Levels of 68 LON from Automabiles, The
Barrier I3 15 Feet High-and is Located 40 Feat from the S8ource and 2§ Feat from
{ha Building. The Sowce, Barier, and Ballding Arg All On Level Grouid, The Angle
ggwwmmmmwwmmm»mm Location is 110

B,

Thas Noise Attenuation Provided by This Bermler Iy Decitels.
Is This Sufficient?_

29. & Three Story Bullmzﬂ’la Exposed 10 A Holse Levai ot 72 LON from Diesel
Locomotives and 60 LON from Ballstad Cars. The Barrior Is 12 Feet Highrand is
Located 40 Feet frofy the Source and 85 Feet from the Buliting. The Barrier and
the Budiding Are on the Same Loved, But the Traxk 18 Deprassad 25 Fast. The Angle
Subtended by the Ends Of the Barrier and tha NAL Is 120 Degrees,

The Noise Altenuation Provided by This Bamier Is Decibels.

Is This Sufficlent?

MAnmsm{Bundang 15 Exposad to Noiss Levels of 67 LDN from Autemobiies

and 71 LDN from Trucks, The Barrier Is 16 Feat High and {2 Located 35 Feat from
the Soutcs ard 56 Foet froun the Building. The Source, the Barrier and the Building
Are Al At-the Same Level. The Angle Subtanded by the Barrier Ends and ths NAL Ix
130ﬁm

The Noise Attenuation Provided by This Barrier s: Decibels.
Is This Sufticlent?




Nolse Assessment Guidelines Workbook
Angwers

88 LDN (87-81 =8, Asd 148 (From Table) to 87 =: 68 LDN)

66 LDN ﬁm:ﬁ Add 3dB {From Table) 1o £3=66 LDN)

69 LON 80-51 o,mmww B9 1LON)

. 67 LDN {85-82=3, Add 1.8dB 10 85, Round GH 1o Nearest Whole Number,

8. ?:H.Dl\l {72-85=5, A0d 1.2=732=T3 LON)

8. TZ1LDK 83-50 =4, Ady 1.5-«%5. 11-545=85
interpolate From Table: 6=10,7=38
85=8 71+ 821972 LDN)

7. 76 LDN {67-81=8, Add 1.0=68,72.88 =4, Add 1.5=735,
T35-75=.5, Interpotata From Teble,
Add 2.75=7825=78 LDN}

. 49 Feed 8+ 22=98-2=49)
9. 12Fe8l B4+t -2=72)

10. Adjustment Factors Neodad: Speed and Night-Time Percentage

Value of Factors: Speed= Autos X0
Trucks 81

Percentage 81
Nute—You Must Have: pmm Speed Adjuatments for Autos and Trucks.
1. Ad]mimﬂif-‘ Neaded: Spead and Siop and Go Tratfie
Factors: - Speed .87
Stop and Go 7O
12. Adjustment Factors Neaded: Gradiont, Spead and Nighttime Poercontegy
Value of Factors: Gradient 1.4
Spead = Autos 30
Tracks Bt
Nighttlmea
Parcantage A1
13. Adjustment Factors Needed: Nighttime Percentags, Speed, Bolted Track
Yalue of Factors: Nighttime
Parcartege 1.57
Speed = Englres 75
Cars .78
Botted Track 4 _
Nale—You Must Have Ditferent Spead Adjustments for Engines and Cers.
14, Agjustmant Factors Neaded: Nighttime Peccentags and Speed
Value of Factors: Nighttime

Percontage 62
MKWM 3.0

lll

15. Adjustment Factors Neodad: Nightsime Percientage and Bofted Track
Value of Factors: Nighttime
© 7 Percentage 1.18
Bolted Track 4



18, Comblred Nolsa Level =62 LON (I Your Answer 18 Plus or Minus 1dB s OK -
Batwess Rounding Off and the Large Scale-on the Nomographs, That’s Close

Enough)
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17, Combingd Nolse Level = 74 LDN {+ OR - 1 dB}
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18. Combined Moise Level=71 LDN

Note—in Order to Complete Colurmn 18 for Baiiway #2 You Must Flnd the Average
Mumber of Cars Per Teain, Multiply the Number of Dieasl Trains Times the Number
of Gars Per Traln {20 x 45 = 900). Multiply the Number of Elechiitied Tralos Times
tha Number of Gars Per Train (2 x 15= 30 Add the Two Totals Together and Divida
By the Total Number of Trains 800 + 30 =930 - 22 = 42).

Wkt § Pt Sy Sl Midaiast
mmw
W 5 w k: ¥ " w Lid
a o me
E i Vool
T Bl Taar meaw S5 ”‘!-n.s_ i s ..

gt oy LD a ™ (LA XE R 0 . & L FBa
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RSty Wk ooy O TG
iyt t Ph bt L mrims B Ty i, it Pt
19, Combined Nolise Level =75 LDN
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20, Combined Noisa Level =75 LDN

Workghwn € Pt
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Z1. Combingd Nolse Level =81 LDN
To Bolve This Problem You Must Add Some More Lines to the Workchart fcf

b

Varioty of Ways fo Do This But Qmo?thaﬁa:&mttsta'fakehﬂhuufﬂ!ank
Paper (A 3 x5 Card Doas Very Weil) Place the Edge of the Paper Along Elther the
Top Or Bottom Edge of the Workehart and Mark Where thie LDN Lines Fall Along
ihe Bdga of the Blank Pager. Than Once You Have Diawn Your Distance and
mm Lines on the Work Chart, You-Taike Your Papsr with tha Line Markings

and Lay It alang the Line for Adiusled Cperations with the Mark Farthest to the
Right Lined up with the 75 LN Line. Now Just Cotnt over until You Reach the
imersection of the Operations and Distance Lines.
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22. H=10 Feel, R=40 Foel, R' = 30 Foet, D= 170 Feet, 0’ = 150 Feut

e -
fope 30 ek 150+

o
wi

Note--The Lirse of Sight Line Starls Abowo the Road Levet Because of the Trucks.
24. H=B Fesl, R=52 Fest, B" = 50 Feel, D= 61 Feet, D’ =60 Feet
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25, The Noise Attenuation Provided Is 7 Decibels
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25. The Holsa Attenuation Provided s 3 Decibels

Note—When the Curves ARe S0 Close Togather Don't Worry About Extrapolating,
Iri This Case You Coulin't Anyway, the 15 dB and 10 JB Curves Have Marged. b
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27, The Nolas Attenusation Provided 2 8 Daclbels (5.5 Roundad Up)
Note--Again You Have Problems With Extrapoliting-—Doiy't Worey About Balng
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28 The Nolae Attenuation Provided by This Barrier la 4 dB. This i3 Sufficient

Note—Dont Forgel That the Helght of the obseror 1s 5 Lesa Than the Total
Helght of the Building and the Height of the Bullding Is 10 Feet Tinmes the Number
of Stories. And Did You Remamber to Make the Adjusttnant fof Ground Altenuation
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29. The Nolse Attenuation Provided by This Barrter {5 Approximately 5 B for Both the
Englnes and the Rallroad Cars.

Thiz is Nol Sufficient.

Note--You Were Supposed to Calculate Attenuation for Diesel Engines and Cars
Separataly Becayse the Sourcse Heights Are Ditferent. The Value of 8 {or the
Engines Should Have Been — 10 and the Value of S tor the Rallroad Cars Should

Have Been — 25,
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30. The Nelse Attenuation Provided by This Earrler Is 3 9B for Trucks and 5 dB for
Autos. The:Combinad Leve! Resuiting Is €3 LON,

This is Not Bufficlent

Note-You Must Gaiculate the Barrler Effect Separately for Autos and Trucks
Because the Sourca Height is Dilferent. Than Recombing levals.
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Chapter 7

The Use of Noise
Measurementis

Nolse Catculations Are Best For
HLUD Use

Thera are two ways to determine
noise levals for a site under review:
the noise can be calculated or it can
he measured. While one’s firat
reattion right well be that it wouilg
chviously be better to go out and
actuaily measure the noise levels at
the site, calculated nolge levels are
really much better for implementing
HUD™s noise policy.

Calculated nolse levels are
developed using mathematical
modets that contain & varisty of
asswnptions about the process of
noise propagation as well as data on
sound levels generated by {ypical
sources (Lo, aircraft engines,
automobile tires éte.). The moded can
be a complex computer modst or it
can be a simple desktop model such
as ihe procadures In the Nofsg
Aasessmenr Guidelines. Tha:modeis
can also employ a variety of nolse
descriptors, {See chapler 1 for a
discussion of nolse descriptors.)
Most roise studies done for the
Federal Highway Administration, for
example, use sither the-1 or the

noise descriptor. Many aircraft

pise studies use the NEF or ONEL
dzsctiptor All of these descriptors
are compatibie with the Ly, nolse
descriptor aystem that is preferred
by HUD and the HUD noise
reguiation containg instructions for
conveiting all-of them into Lan.
{sections 51,106(a)(1) and {2))

Whether produced by a
sophisticated computer moded or by
the desktop Nofse Assessment
Gufdelines, calcylated nolys lsvels
ara more usefol for HUD needs than
measured levels for two sigaificant
reasons: The flrst Is that with noise
measurements you have no good
way to take-into aceount future
changes in the future rolse
envirorrnent, The houses we help
buitd today are goi n% o be around
for a long time and it s very
important that we determing, to the
exient we can, the noiss
environment that will exist
throughout the fite of the bulidings.

White there are clearly limitations on
how far inte the future we can
reasonabily project traftic levels for
roads, rafiroads and airports, we can
atieaatmstowyearsatw
The HMUD noise regulation (24 CFR
51B} requires that “1o tha extent
possible, nolse exposure shatl be
projectead to be representative of
conditions that are expected to exist
at a time at 1east 10 years beyond
the date of the prodect or action
yrwder review.” It s very easy to
maka these projections if you use
the Noise Assessment Guidetines or
a computer-modal 10 determing
noise levels.

The second reason why we prafor
that you calculate noise lovals Is
that through the caleulation process
you can yse monthiy or yedrly data
to determine traffic lovels. Thus you
come up with & more-typical picium
of conditions. With noiss
measuremants there is atways the
possibllity that the day or even days
chosen for measuroments wiit not be
typical and that the measurements
taay over of understate the problem.
While the conscientious measurer
will {ry 16 account for-any unusual
conditions, it isn’t always possible.
5o iong a3 cost considarations limit
the number of days that
measuremeants can be taken there
will always be the problem of
uhrepresentalive data. With
caiculations this isn't a probiem. The
computer model that generates
contours for airports, for axample,
uses an entire years data fo develop
the average day. Certainly the resuils
are more likely 1o be representative
than the resulls that would be
darlvad from just a few days
measuremeants.

When Nolse Measurements Are
Useful

Whitle it-is the preferred procedurs i
saloutate nolsa levels, there are a
fow situations whete the nolse
models might not be accurate and ¥
ight be better o rely on
measurements, One Instance wouid
be wher there I insufficlent or
inadequate traffic data. Ancther case
might be wherg you have & uniqus
physical situation that is not
accounted for in whatever
mathematicat mode! is amitable.

1M

Obtaining good traffic data can be
difficuft. You may only be abla to et
gross data that simply tists total
vehicles without making any
distinctions between trucks and
automobies. Or you may not-be able
to get any reliable data on the
percentage of traffic between 10 pm
and 7 am, While the Nolse
Assessment Guidelines do contain
some assumptions that you can use
when you don't have all the data you
npad, there rmay be instances when
you just doa'f think those
assumptions would accurately
portray the problem,

By the same token, thera are
certain physical situations that
mathematical models such ag the
Noise Assessment Guidelines
coutdn't anticipate and therelors do
not refiect in their formulas. For
exampls, the Guidelines say that you
don't have to calculate the noise
fevels for underground transh fines,
Wedll what If the line is underground
but there are large sif vents that reach
from the belowgrourkd tunnels ta the
surface? A great deal of noise can
reach the surface through thesa vents
but the Nofse Assessment Guidelines
don'thave any way to take it into
scoount. You couldn't treat it as b
subway Hine werg ¢ round ’
bacause it Isn't really and at least
soma ol the nolse is blocked, This
would be a ¢ase whare a nolse
measurernent would probably be the
besi way to deteralie the noise
tevals. By the same token, the
guidetines do not really take into
aecount the somatimas significant
amounts of raflectad noise that can
oceour at.urban sites surrounded by
tall bulidings, 1.0, the canyon effect.

Whan Not 1o Use Measuremenis

One thing nolse measurements
shiould not bs used for is to confirm or
refita calculated nolsa lavels,
especially computer generated
aircraft contours, Our experience with
both the Noise Assessment
Guitefines and with computer nolse
models is that both dre quite accurate
if done properly. If you are convinced
that the caleulations ware done
gomadily, and H you believe that the
data used were good, you should
strongly discourage anyonarwho
wants to take measurements because
they think that measuremants are
inherently more accurate than
caiculations. Comparing measured
noise levels to calculated lavels is ke
comparing apples and aranges, The



caloulated noise tevels should include
projectedtraffic levels, the measured
onas wilt not, The calculated levels
will ba based on dally traffic counta
derived by averaging months of data,
the measured lovels will, at best,
reflect just a few days. (This I
particulariy true for aircraft nolss
contours. The day-to-day operations
of an airport can vary significantly
dopending upon weather conditions
and any one of twa days worth of
measuremants are very Hkaly to show
diffsrent levels from those generated
by & computer model employinga
year of data to deriva an average day )

If you have determined that noise
measurements are appropriate, you
ust make sura that they are done
properly, oiherwise the data will ba-
useless. There are four sloments to
proper measurements: 1) where the
measurements are taken; 2} when
thay are taken; 3)the tyne of
‘equlpment used; and 4) the:actual
moasurersent proeadure

Whers measurements should be
taken: The locations for nolse
measurernents shouid be selected
using the same criteria you would use

- 1o select a Noise Assessment

Location for a No/se Assessment
Guidelings calculation. The Noise
Assessmont Guidelines recommend
that “assessments of the nolse
exposure should be made at
representative locations around the
site where significant noisa is
expected.” Further, the Guidslines
state that when selecting thess
Tacations you should considir those
badidings contalning noise sensitive
uses which are clogesttothe .
predominant nolse sources. Where
quiet outdoor spacafs desiredat a
site; youshouid also select polntain
the outdaor area inquestion.
Specitically, the “relevant
measuremant location for bui!dﬁxgs is
apoint 2 meters {6.5 feet) trom the
facade,” i there are no bulldings yet
the measursment point shouldba 2
meters from the closest polat sethack
requiremeants would aliow a bullding
facage.

When mersurements should be
takery Bocause measurements are
only going to be taken for a tew days
at best, spacial care should be taken
to make sure that the days selectad
are representative of average tiaftic
isvels. For highways, avold both
Monday and Friday, pariiculary
before or after a holiday. In fact
holiday perieds, such as the
Christmas/New Yesdrs season, should
be avoided entirely. Highway traffic,
of rather mors importantly, truck
traffic is likely to be down during

these periods Bnd nolse levels may be
significantly lower than normal. On
the other hand, hollday periods are
often peak ravef periods for alriines
and measursments taken around
alrports then would show unusually
high noise levels.

Whoever is taking the
measurernents should also check to
make sure that there aren't any

special clrouiistances that might
atiect tratflc levels. For exampia road
construction or repalr work might
divert additonal traffic ontc the road
being measured, or divert traffic away,
In both cases the nolse levels
measurad would ot be
mprosentative.

And finally, nolse measuremeants
shouid not be taken during extreme
waather conditions both because of
tha possibla-affects on traflic fevels
but also because the weather
conditions can exaggerate the actual
noise lavels,

ideally, nolsa measurements
should be taken oveor several days.
spread over at least a faw months. But
given that ¥me and money wiil
normally preciude this, at least make
sure the one of {wo days you oan get
argas close to typical as possidle.

What: touse: There are
many soind lavel meters on the
market which are sultabile for taking
noisa measurements for
transportation sources. They need
only 10 meet the requirements of
Arnarican National Standard
Specitication for Type 1. 8ound Level
Meters: S1.4-1974. Type 1 sound level
meters are “pracision”™ meters and
provide the most accurate
measurements, Theyare also, of
course, the most axpanslve. Fast
tima-averaging and A’
weighting are 1o he used, The sound
Tevel meter with the A-weighting is
progressively less sensitive to sound
with frequencies helow 1,000 heitz,

somewhat agls the sar. W!th fast time.

averaging the sound level meter
responds particularly to recent
sounds affnost asquickly as does the
earin judging the loudness of 8
sound. Fast time averaging hag a {ime
consiant of about 18 sevond.
While a seund level measuring

system that averages decibel
readouts ona short term basis such
asfor every minute or every houris
acceptable, it would be farbelter ifa
system that actually provides a24
hour integrated Ly, readout were
used. Such a system ¢liminates the
nead for calcutating the Lgy value, an

area whete many inexperienced

consultants go astray, Thesa systems
are more expensive however, and tha
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consuitant who doesn't do much
nolse work is undikely to have sns.

Noasurement procedures: Datalled
procedures for making sound jeve!
meagurernents are spelled out Inthe
Amsrican Nattonal Standards
insthute’s Standerd Mathods ANSI
§1.2-% 1376} American National
Standard Msthod for the Phiysical
Measurement of Sound and ANSI
81.13<4871R1976) American Nationa/
Standard Methods for the
Measuremen? of Sound Prazsure
Lavels.

Some of ihwe basic ures that
should be folfowedp;{m}?sd

1. Measuremnents should normiafly be
mace over a continuous 24 hour
period. I this Is not possible,
measuremenis may be made over a
period of days but still must cover the
antire 24 hour pericd. The seiection of
the days becomes even mare critical
so that they are as simiiar as possible.
Sampling ia not acceptable.

2. Thesound level meter must be
caltbrated hefore nach use.

3. The sound level meter shouid be
provided with a wind screen,

4. Care should be taken o Insure that
there are noterporary chstructions,
such as parked trucks, between (he
mueter and the source,

The Nolse Study

Thenotss study propared ta describe
the measurament resuils should
contain at least the foliowing:

1. Amap showing where the
measurements were taken
2. Aviginity map showing the site and
the major ncise sOUrces
3. Achartindicating the date, the
time, and weather conditions when
measurements were taken at each
measurement tocation:
4. Thetype of microphone used
5. Any variations trom ANSI
procedures

8. The results of the measurements

In Ly, for each measurement location

7. Any unusual corditions that
existed during the measurement
perlod—ie. construction activity,
major {raffic tieup, ste.

8. # anintegrating sound level mater
was not used, the calculations used
1o derive the Ly, value,

1991~ 281-930/ S4016
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Sound Transmission Class Guidance
Introduction

The Noise Guidebook, pages 33-37, provides an
elementary discussion of STC, provides some STC
ratings for common building materials and limited
exterior and interior wall construction configurations,
and describes a method to determine composite STC
value of a wall containing a window or door. This
update provides for an understanding of STC and
provides an expanded material and construction
classification for both internal and external building
materials and typical construction patterns.

The intent of this chapter is not to endorse anyone
building manufacturer or product over another but to
keep HUD Environmental staff and other interested
persons advised on the STC values of current building
materials and practices which can be applied to HUD
supported housing activities. Additional subsections on
specific types of building materials, construction
techniques and STC values will be periodically added.

As stated in the Noise Guidebook, “"STC is used as a
measure of a material's ability to reduce sound,” and
effectively mitigate any adverse noise levels that
could impede a person's use of a residential or
commercial structure. The higher the STC value, the
greater the sound attenuation and presumably the
quieter the structure's interior. In addition to STC,
another interior building measuring technique to
evaluate sound impact or absorption between floors is
the Impact Isolation Class (IIC). Both techniques will
be fully discussed after a brief explanation of the
following basic principals related to sound.

What Is Sound

Sound is indicated in two ways: frequency and
intensity. Frequency, the high or low pitch of sound, is
expressed as the number of vibrations or cycles per
second. One vibration or cycle per second is a hertz
(Hz). For example on a piano the middle C note has a
frequency of 262 Hz and the total range of a piano has
a frequency of 27 Hz to 4186 Hz, well within the 16 to
20,000 Hz range of the human ear. The sound created
by the piano is heard by the human ear by air
pressure created by vibration. The greater the
pressure, the greater the loudness or intensity of the
sound heard by the human ear. Loudness is expressed
in decibels (dB). The decibel is one-tenth of a “Bel,” a
unit named for Alexander Graham Bell. Since the ear
is more sensitive to sound in the middie range of
frequencies, loudness (intensity) is determined at a
frequency of 1,000 Hz. On the decibel scale, 0 dB
indicates a level of sound at 1,000 Hz, a sound just

barely audible to person with normal unimpaired
hearing.

The A-weighted scale of a sound meter is designed to
adjust the sensitivity of a sound meter to sounds of
different frequencies that closely approximate how the
human ear might respond to moderate sound levels in
the 1,000 to 4,000 Hz range. The A-weighted sound
level is used extensively for measuring community
and transportation noises.

The Sound Transmission Class (STC), measured in
decibels, is used to measure building material's ability
to absorb sound. The STC can be used to measure
sound absorption for both external building walls and
internal walls in single and multifamily structures. The
STC is measured by positioning a representative
sample of the building material midway in an
acoustical chamber, dividing the chamber in half or
into two rooms. One section of the chamber contains
the sound source and the other section the sound
receiving equipment. The test procedure calls for a
steady sound in the source room and measuring the
sound level in both the source and receiving rooms.
Differences in sound levels in the rooms determines
the transmission loss characteristics of the material
tested. For example, if a generated sound level of 80
dB is measured in the source room and 30 dB is
measured in the adjacent receiving room, the tested
material has a sound reduction intensity (STC) of
50dB.

The Impact Isolation Class (IIC), measured in
decibels, is the classification system used to
determine sound impact from floor to ceiling in a
structure. The IIC is not to be used to measure
airborne sound penetration or absorption in walls. The
IIC numerical rating efficiency increases with
improved impact isolation performance of the floor
and its component sub flooring and materials. The
rating scale values are generally equivalent to the
airborne sound transmission loss. The impact of steps
or vibrations on a floor and the reverberation of that
noise in the room below is dependent upon the type,
density and thickness of the floor and ceiling material,
its absorption material, and quality of construction. A
separate section on common floor materials and
construction patterns to illustrate both the STC and
IIC ratings is included.

Sound Reduction In Structures

Four general techniques for controlling noise in single-

family and multifamily structures are:

1. Elimination of the cause or source of the noise,

2. Employ materials which absorb sound rather than
reflect noise,



3. Use sound barriers in building layout to prevent
sound from being transmitted from one adjoining
area into another, and

4. Use design considerations to mask or absorb the
noise.

A description of each technique and its applicability
follows.

1. ELIMINATION:

The elimination of a noise source may be impractical
or impossible to achieve, whether emanating from
within or outside the structure. Examples include the
operation of mechanical equipment within the dwelling
unit, excessive corridor noise, air conditioning/heating
system, elevators, exhaust fans, and outdoor
transportation sounds such as automotive traffic,
aircraft overflights, and commercial or industrial
activities. Some noise reduction could be achieved
through sound reduction or absorption techniques, but
total elimination of these sounds may be impossible.

2. ABSORPTION: :

Sound absorption control is the reduction of sound
emanating from a source within a room. The extent of
control depends upon the efficiency of the room's
surfaces in absorbing rather than reflecting sound
waves. A surface, which could theoretically absorb
100% of the sound would have a sound absorption
coefficient of 1.0. A surface absorbing 35% of the
sound would have a coefficient of 0.35. The
effectiveness of wall construction as a means of sound
absorption is tested in a similar manner as that of
STC. If a generated sound level of 80 dB is observed
in one room and 30 dB is measured in an adjacent
room, the reduction in sound absorption for the
intervening wall is 50 dB. In choosing the type of
construction material for interior walls to absorb
sound transmission, porosity and density of the
material should be considered. Resistance to sound
transmission increases with unit weight and decreases
with porosity. For example, unpainted, open textured
concrete block exhibits improved resistance to sound
passage after sealing the surface with plaster or paint.
The sealing of the pores result in a reduction in the
sound absorption of the block. In multifamily
structures using concrete block partitions to separate
public areas such as stairwells and corridors from
adjacent living areas, sound transmission reduction is
achieved through plastering or painting the surface of
the residential unit or living area on the opposite side
of the partition. The sound is absorbed by the
concrete masonry’s unpainted side and its
transmission is prevented into the residential unit or
living area by the plaster or paint on the other side.

However, all of the design elements that are
employed to control sound can be nullified through
poor or improper construction practices. Sound

leakage will occur through any opening in a wall. An
improperly fitted door or window is a prime source of
sound leakage, as well as openings around ducts,
pipes and electrical outlets which are improperly fitted
or sealed.

3. SOUND BARRIERS:

Prudent building layout can be effective in controlling
noise in single-family and multifamily housing. Sound
waves can be prevented from being transmitted from
one adjoining area to another. Closets, stairways and
corridors can be used as buffers against airborne
sound transmission between apartments or bedrooms.
Concrete blocks or solid partitions can be employed to
separate boiler rooms, air conditioning units, work
areas or noisy public areas such as stairwells,
corridors or lobbies from adjacent living areas.
Partitions designed to absorb sound on one side and
to retain sound absorption on the other can effectively
block or reduce sound transmission into living areas
intended for quiet use. The barrier should have a high
sound absorption coefficient on one side and an
equally high sound retention coefficient on the reverse
side to effective. For example, unpainted porous
concrete block would have a high sound absorption
coefficient and a high noise retention coefficient on
the reverse side if the porous surface in the living unit
was effectively sealed by plaster or paint. Similarly,
noise originators such as cloths washing machines,

. central heaters, and other noisy major appliances can

be placed in a basement or utility rooms that are
physically isolated from other living areas by walls or
floors to absorb or block the emitted sounds.

4. DESIGN:

Design factors is the last major element to consider in
controlling noise in single-family and multifamily
structures. Design considerations offer the most
infinite prospects for controlling noise due to the
numerous types of building designs. For example,
adjacent apartments can be arranged to have quiet
areas (bedrooms or living rooms) abut and have noisy
areas (kitchens and bathrooms) next to similar noisy
areas. Apartment door openings into the same
hallway can be staggered to reduce sound penetration
into the unit directly across the hall. Since sound
travels in a straight line, some of the sound from one
doorway would be absorbed or diffused into the wall
building material of the unit directly across the hall.

Windows should be placed as far away as possible
from common walls. The closer the windows are to
each other, the more sound will pass from one
apartment to another. Medicine cabinets in opposite
bathroom partitions should be offset. Cabinets placed
back-to-back will transmit almost as much noise as an
opening. Heating/cooling ducts are like speaking
tubes, carrying noise from one room to another.
Techniques should be employed to trap or splinter



sound or have turns in the ducts to reduce noise
transference.

Noise producing equipment should be kept as far as
possible from living areas and especially the
bedrooms. Flexible connectors should be used to
couple mechanical equipment to pipes and ducts.
Pipes and ducts should not be firmly connected to
parts of a building that could serve as sounding
boards but be supported by resilient connections to
solid supports. Where pipes and ducts pass through
walls and floors, they should be isolated by gaskets.
The acoustical integrity of a building or a building
section with an otherwise adequate STC rating can be
significantly reduced by a small hole or crack in the
exterior wall or any other path that allows sound to
bypass the exterior or interior walls and flow into
other areas of the structure.

Weather and Sound

Air will attenuate noise at high frequencies usually
from 1,000 Hz upwards. Sound absorption by air
changes with wind speed, temperature and humidity.
For example, wind blowing at slower speeds near the
ground surface than at higher elevations will produce
a bending of the sound upwards, resulting in less
noise at ground level. Temperature gradients have a
similar effect because the velocity of sound increases
with the higher temperatures. If the temperature is
higher near the ground than in the upper layers
(usually the case during the day), the sound waves
higher above the ground will travel slower and the
sound will be bent upwards resulting in quieter
conditions at ground level. The reverse is true at
night, the temperature is lower near the ground,
sound will bend towards the ground, increasing noise
at the ground level. Wind and temperature- gradient
effects can also account for the occasional freak
reception of sounds over long distances, especially
train whistles. The sound has been bent upwards by a
temperature or wind gradient and after traveling some
way at high level is bent down again by a reverse
gradient.

Weather conditions can produce substantial variations
of as much as +- 10 dB. For example, fog causes an
increase in the absorption in the air. A moderately
dense fog, visibility 150 feet, gives extra attenuation
of 1 to 3 dB per 300 feet, depending on frequency.
Similarly, snow forms an absorbent layer on the
ground, which affects ground reflection, thereby
reducing the sound level.

Weather can also be a significant source of noise in a
structure. Common irritants are wind and rain. Wind
whistling around a building, into ventilation grilles,
screens or past other external architectural or artistic
features can result in disturbing noise. Similarly, the

impact of rain on lightweight roofing, gutters or
skylights can produce high internal noise levels.

STC Ratings for Wall, Floor and Window
Materials and Assemblies

Appendix A illustrates sound transmission class ratings
for wall, floor, window and door assemblies. The data
used in this section is compiled from laboratory
reports and various technical and trade literature
publications received by this Office. Each item has an
assigned STC rating, an accompanying sketch and a
brief description of its composition or assembly. In
addition, where possible, an Impact Isolation Class
(IIC) rating has been assigned to floors to determine
sound impact from floor to ceiling. Appendix A is a
guide designed to aid HUD Housing and Environmental
personal in determining STC values for most common
housing construction practices and materials used in
residential construction. The STC information can be
used to supplement acoustical measurements by
providing approximate interior noise levels for existing
or proposed dwellings located in high noise areas by
deducting the STC value from the exterior noise level.
The data could also be used to advise HUD clients in
determining and achieving compliance with the noise
criteria stated in 24 CFR Part 51 B through the use of
common construction materials and techniques to
achieve noise attenuation for new construction and
rehabilitation.

The appendix is divided into the following subsections:

1. WALLS
Exterior
Interior

2. FLOORS
Wood
Concrete

3. WINDOWS

4. DOORS
Exterior
Interior

A bibliography of the reports, manufacturer's catalogs,
technical papers, testing laboratories and other
publications used in compiling this data is listed in the
Appendix B.
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Appendix A

Walls: Exterior

STC Ratings
Sketch Brief Description STC
1 1. 4" face brick, mortared together. 45
AN
1‘ 1. Hollow core brick, mortared together. 51
COoO0OD % oo\ooo
00000 LOOOO
1. Common brick, mortared together. 50
\% ‘*‘Q \\\\ 2. ¥2" gypsum/sand plaster.
s\\ l\\\\\\l
3 2 1. Hollow core brick, mortared together. 53
,! \ —_— 2. ¥2” gypsum/sand plaster.
)rl:; OOO]QO t{l OO0 j
p 00000 jo°o0e e
1 2 3 ; ;,a,cg brick, mortared together. 50
. air space.
|\&%%\§§\§ \\\\\\\\ 3. Metal ties.
T N ‘%‘N\\
1. Brick, mortared together. 59

1
\‘k

2. 2 %a” cavity filled with concrete grout and #6 bars
vertically 48"0.c. and #5 bars horizontally 3070.c.
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Sketch

Brief Description STC
1 2 1. Common brick, mortared together. 59
. S 2. Face brick, mortared together.
3 i
N\ TGS X
Ny X SRR X
Ll
1 2 b 4 . Common brick, mortared together. 53
. W — . %" mortar-filled cavity with metal Z ties 24"0.c. in
“&“”\‘\:;F:n\{\g\{}‘i“&‘xgc\\—% bztr), directions. y _ ' _ _
&ﬁ\\\?&&\“&&k &\:\& . ;X:rtaf;];roli?wgcss'clr;’)’z (1:6 o.c. and nailed vertically into
""\; "x‘* » et 0 €. ;
&%n&\\&%t&\\\\\&k\\& . Zzllgz:?s;l;rgeblg?rd nailed 8"0.c. along edges and
. 4x8x16” 3-cell lightweight concrete masonry units 40
(17 Ibs./block).
] z 3 . 4x8x18" 3-cell lightweight concrete masonry units 54
e g (19 Ibs./block).
AT ?:or?ml:n(;anvg?:i.ck, mortared together.
"1. 4x8x18” 3-cell lightweight co;'lcrete masonry units 51
(19 Ibs./block).
. Common brick, mortared together. (brick headers
after every second course of block to tie the withes
together).
. 4x8x18” 3-cell lightweight concrete masonry units 56

A\

i

(19 Ibs./block).

. Common brick, mortared together.
. Resilient channels.
. ¥2” gypsum board screwed to channels.
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(34 Ibs./block).

Brief Description STC
1. 6x8x16” 3-cell lightweight concrete masonry units 44
(21 Ibs./block).
1. 6x8x16” 3-cell lightweight concrete masonry units 46
(21 Ibs./block). :
2. Paint both sides with primer-sealer coat and finish
coat of latex.
z 1. 6x8x18” 3-cell dense concrete masonry units (36 48
A Ibs./block).
il B 2. Paint both sides with primer-sealer coat and finish
coat of latex.
1. 6x8x16" 3-cell lightweight concrete masonry units 53
(21 Ibs./block).
2. Paint, primer-sealer coat and finish coat of latex.
3. Resilient channels, 24"0.c.
4, %" gypsum board screwed to channels.
1 1. 8x8x16"” 3-cell lightweight concrete masonry units 45
(28 Ibs./block).
1. 8x8x18" 3-cell lightweight concrete masonry units 49
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Sketch Brief Description STC

1 1. 8x8x18” 3-cell lightweight concrete masonry units 49
(38 lbs./block).

v 1 € Y x )

APk i B

1. 8x8x18” 3-cell lightweight concrete masonry units 51
(34 Ibs./block).
2. Expanded mineral loose-fill insulation.

1. 8x8x18” 3-cell lightweight concrete masonry units 51
(38 Ibs./block).
2. Expanded mineral loose-fill insulation.

1. 8x8x18” 3-cell lightweight concrete masonry units 48
(33 Ibs./block).

2. Grout in cells.

3. #5 bar in each cell.

1. 8x8x18” 3-cell lightweight concrete masonry units 55
(33 Ibs./block).

2. Groutin cells.

3. #5 bar each cell.

4, Paint two coats flat latex each side.

1. 12x8x16” 3-cell lightweight concrete masonry units 39
(43 Ibs./block).
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Sketch

Brief Description STC
12 1. 12x8x16. 3-cell lightweight concrete masonry units 50
e e (43 Ibs./block).
ks / HEY A anen Wan 2. Paint both sides with 3 coats of latex block filler.
1M \
1. 12x8x16"” 3-cell lightweight concrete masonry units 51
. (43 1bs./block).
:f 2. Paint one side only with 3 coats latex block filler.
<
1. 6" cast concrete wall (71 psf). 57
1. 6” cast concrete wall. 59
2. “Z” furring channels.
3. %" gypsum board.
1. 6" cast concrete wall. 62
2. “Z" furring channels.
3. 1”, 8-pcf rockwool.
4. %" gypsum board.
1. 6" cast concrete wall. 63
2. 2x2” wood furring.
3. 1 %" 4-pcf rockwool.
4. %" gypsum board.




Brief Description

STC

1.

8" cast concrete wall (96.6 psf).

58

W N =

8" cast concrete wall.
2x2"” wood furring.
¥2" gypsum board.

59

rPwNe

8” cast concrete wall.
2x2"” wood furring.
1 2", 4 psf rockwall.
A" gypsum board.

63

AW

Face brick.

12" air space, with metal ties.
34" insulation board sheathing.
2x4” studs 16”"0.c.

Resilient channel.

%" gypsum board.

54

1 2 3

o

PO AR R NG A S L RN I ST T AT

NoOGAwN e

Face brick.

2" air space, with metal ties.
3" insulation board sheathing.
2x4” studs 16”0.c.

Fiberglas building insulation (3 ¥2").

Resilient channel.
¥2" gypsum board.

56
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Sketch

Brief Description

STC

N AWNE

Face brick (9x14" wall).

2" air space, with metal ties.

3" insulation board sheathing.

2x4” studs 16”0.c.

Fiberglas building insulation (3 ¥2").

Resilient channel.

¥2" gypsum board.

Wall penetrated by 6x5' picture window 1” glazed
insulating glass.

39

7/8" stucco.

No.15 felt building paper and 1” wire mesh.
2x4” studs 16”o.c.

Resilient channel.

¥2” gypsum board screwed to channel.

49

7/8" stucco.

No.15 felt building paper and 1” wire mesh.
2x4” studs 16"0.c.

Fiberglas building insulation (3 2").
Resilient channel.

¥2" gypsum board screwed to channel.

57

nawNE

5/8 x 10” redwood siding.

¥2" insulation board sheathing.

2x4” wood studs 16”o.c.

Resilient channel.

2" gypsum board screwed to channel.

43




Brief Description

STC

ouhwNE

5/8x10” redwood siding.

¥2” insulation board sheathing.
2x4” wood studs 16”0.c.

Fiberglas building insulation (3 %2").
Resilient channel.

¥2" gypsum board screwed to channel.

47

NoahAWwNE

5/8x10” redwood siding (9x14' wall).
2" insulation board sheathing.

2x4” wood studs 16.0.c.

Fiberglas building insulation (3 ¥2").
Resilient channel.

2" gypsum board screwed to channel.

a. Wall penetrated by a 6x5' picture window, 1”

glazed insulating glass.

b.  Wall penetrated by a 6x5' 16 panel window,

glazed single strength.

(a.38)
(b.35)
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WALLS: Interior: Wooden Studs

Sketch Brief Description STC
1. %2” gypsum board. 28
2. 3/16” plywood laminated with contact cement.
i 1. %" gypsum board. 30
} 2 2. ¥2” wood-fiber board laminated with gypsum joint
O O e A e T compound.
1. 2x4” studs, 16”0.c. 28
2. 5/8” gypsum board screwed to studs.
1. %" gypsum board, no studs. 30
2. 2 2" air space.
1 2 3 1. %2” gypsum board, no studs. 44
S T 2. 2 %" air space.
NPT S, S g " H H
XK ’oﬂfg‘:{{{{‘w&&f’;‘:‘;ﬁ%ﬁ 3. 2" thick sound attenuation blanket.
1 2 3 1. %" gypsum board, no studs. 45
[ T ——] THOR| CW N0 O TTRAT G AN W 2' 3 5/ 8” air space'
o 3. 2” thick sound attenuation blanket.
gg!:t:’;*:‘?::ﬁ :?. T L A A A AR PN T
1 2 1. 1 3/8” thick wood-fiber board nailed to 2x4” plates 44
top and bottom and painted both sides.
0 2. 32" air cavity.
X LS =
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Sketch

Brief Description STC
1 2 3 Y 1. %" gypsum board, no studs. 48
_ \ 2. ¥2" gypsum board laminated to base layer with
P gypsum joint compound.
OO 3. 3 5/8" air cavity.
DO ANRDONLILNNTLIEI S90S 4. 2" thick sound attenuation blanket.
1 2 1. 2x4” studs, 16"0.c. 35
. AR, W 2. 3/8" gypsum board nailed to studs.
v 3
1 2 2 1. 2x4” studs, 16"0.c. 41
2. 3/8" gypsum board nailed to studs.
3. 3" thick sound attenuation blanket.
1. 2x4” studs, 16"0.c. 34
2. %" gypsum board screwed to studs.
1. 2x4” studs, 16"0.c. 37
2. 2" gypsum board screwed to studs.
I AR 3. 2" thick sound attenuation blanket.
|
L e eee e
1. 2x4” studs, 24"o.c. 36

2. 2" gypsum board screwed to studs.
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Sketch Brief Description STC
¥ 2z 3 1. 2x4"studs, 24"0.c. 40
mm“m . 2. ¥2" gypsum board screwed to studs.
M“ 3. 2" thick sound attenuation blanket.
L#’t’t XL tt
1. 2x4” studs spaced 16”0.c. and staggered 8”"0.c. on 39
2x6” plates.
2. ¥2" gypsum board screwed 12"0.c
1. 2x4” studs spaced 16”0.c. and staggered 8”0.c. on 48
o 2x6" plates.
0*;*!";&?“‘; 2. 2" gypsum board screwed 12"0.c.
“N‘“ 3. 2 %" thick sound attenuation blanket.
1. 2x4” studs spaced 16”0.c. and staggered 8”0.c. on 49
2x6" plates.
" '* Q "" 2. %2" gypsum board screwed 12”0.c
‘V M 3. 3 2" thick sound attenuation blanket.
1. 2x4” studs spaced 16”0.c. and staggered 8”"0.c. on 49
_— 2x6" plates.
tjﬁ?i&i’?‘ 2. 2" gypsum board screwed 12"0.c.
“ M 3. 2 V" thick sound attenuation blankets in both stud
ARFSAASEA cavities.
1 2 a 1. 2x4” studs spaced 16”0.c. and staggered 8”0.c. on 51

s NN

e gm%
i

wv

2x6" plates.

2. %" gypsum board screwed 12”0.c.

3. 3 12" thick sound attenuation blankets in both stud
cavities.
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Sketch

Brief Description STC
1. 2x4” studs spaced 24”0.c. and staggered 12"0.c. on 42
2x6" plates.
2. 2" type X gypsum board screwed 12”0.c.
1. 2x4” studs spaced 24"0.c. and staggered 12”0.c. on 46
2x6” plates.
2. 2" gypsum board screwed to studs.
3. 2" thick sound attenuation blanket.
XXX ALY
1 2z 2 1. 2x4” studs spaced 24”0.c. and staggered 12”0.c. on 48
v I T 2x6” plates.
;.4» e, ?;’;’;ﬁﬂ?;‘. 2. 2" type X gypsum board screwed 12”0.c. .
n . 3. 2” thick sound attenuation blankets in both stud
PO LRI - cavities.
1. Double row of 2x4” studs 16”0.c. on separate plates 47
spaced 1” apart.
2. 12" type X gypsum board screwed 12"0.c.
1. Double row of 2x3” studs 16”0.c. on 2x3” plates 55
spaced 2 2" apart.
2. 2" gypsum board screwed 16”0.c.
v 3. 2 %" thick sound attenuation blanket.
R R RILRDIIIS
i 2 3 1. Double row of 2x4” studs 16"0.c. on separate plates 56
' spaced 1” apart.
e e e 2. Y2" type X gypsum board screwed 12”0.c.
. 3. 3 2" thick sound attenuation blanket.

Vg
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Sketch Brief Description STC

1 2 3 1. Double row of 2x4” studs 16”0.c. on separate plates 56
' spaced 1” apart.

2. 2" gypsum board screwed 12"o.c.

3. 2 %" thick sound attenuation blankets in both stud

i
i
PRI L

cavities.
12 3 1. Double row of 2x4” studs 16.0.c. on separate plates 63
. " _ spaced 1” apart.
P R S F e S 2. 5/8” type X
’;""’E"%""’é‘;‘ ‘“‘"‘}F""" lfg.uob.::(? row of 5/8” type X gypsum board screwed
Y S WA W - — 3. 3 ¥2” thick sound attenuation blankets in both stud
v‘vv,vvf‘&v‘v*‘v~ WY eV 't'.
OOOOOOOOOMNENS

i e Fonisn
B VAT AT LMY AR ARV
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WALLS: Interior: Metal Studs

Sketch Brief Description STC
1. 1 5/8” metal studs, 24"0.c. 27
2. 1/2. vinyl-faced gypsum board screwed to studs.
1. 1 5/8” metal studs spaced 24”o.c. and staggered 34
12"0.c. on 2 2" metal tracks.
2. 1/2" gypsum board screwed to studs.
1. 1 5/8” metal studs, 24"o.c. 37
2. 5/8” gypsum board screwed 12”0.c. at edges and
24"0.c. in field.
1. 15/8” metal studs spaced 24"0.c. and staggered 38
12"0.c. on 21/2" metal channels.
2. 5/8" gypsum board screwed to studs.
1 2 1. 2 %" metal studs, 24"0.c. 27
i 2. 1/2" vinyl-faced gypsum board screwed to studs.
1. 2 1/2” metal studs, 24"o.c. 37
2. 5/8” gypsum board screwed to studs.
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Sketch Brief Description STC

1. 2 %" metal studs, 24”0.c. 42

2. 5/8” gypsum board screwed 12”0.c. at edges and
24”0.c. in field.

3. 1 %" thick sound attenuation blanket.

1. 2 2" metal studs, 24”0.c. 44
2. ¥2” gypsum board screwed to studs.
3. 2” thick sound attenuation blanket.

——
o

ey A i

1. 3 5/8” metal studs, 24”0.c. 27
2. 1/2. gypsum board screwed to studs.

. 3 5/8” metal studs, 24”0.c. 36
. 2" gypsum board screwed to studs.

N =

3 5/8” metal studs, 24”0.c. 44
2" gypsum board screwed to studs.
2” thick sound attenuation blanket.

s

w!\JH

et TR
*e 4
it ey S e et
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Floors: Wood

Sketch Brief Description STC
(1I1C)
1 2 3 1. 2x8” wooden joists, 16”0.c. NA
2, 7/8” tongue and groove nailed to joints. (32)
3. 3/8” gypsum nailed to joints.
1. 2x8” wooden joists, 16”0.c. NA
2. V2" plywood nailed. (37)
3. 25/32” hardwood flooring.
4. 1/2” gypsum nailed to joists.
5. Ceiling tire.
T2 3 4 5 5 T 1. 2x8” wooden joists, 16”0.c. 46
R R i T Y 2. 5/8I” t60ngue and groove plywood nailed with 8d (44)
If/”)’/[ﬂ A P T A o P P n ai S ” 0. c.
N N“ 3. 3/8” plywood stapled 3”o.c. at edges and 6”o.c. in
field.
""""‘ P".""‘,'\“ d ""‘v‘" 4, .075’_’ sheet vinyl. }
e e e e e e ) 5. Resilient channels, 24”o.c.
6. 5/8” gypsum board screwed 12”0.c.
7. 3" thick sound attenuation blanket.
1 2 34 & 5 1. 2x8” wooden joists, 16”0.c 48
2. 5/8” plywood nailed with 8d nails. (65)
3. %2” nominal wood-fiber board glued to plywood.
4. 44 oz. carpet on 50 oz. pad.
5. Resilient channels, 24”0.c.
6. 5/8” gypsum board screwed 12”o.c.
1. 2x8” wooden joists, 16”0.c. 48
2. 19/32” tongue and groove pIywood nailed with 8d
3.
a. 44 oz. carpet on 40 oz. hair pad. (a. 69)
"““N"""""“"“N ‘“ b. .075” sheet vinyl. (b. 45)
: c. 1/16” sheet vinyl. (c.43)
4. Resilient channels, 24”0.c.
5. 5/8” gypsum board screwed 12”0.c.
6. 3” thick sound attenuation blanket.
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Sketch

Brief Description

STC
(IIC)

1 2 3 4 & G

vﬂ‘fifi‘l xl‘(?‘a FJIIJJ far.r” f’aflal‘ﬂ”” ?‘/””J
’_f/-("f"“a g L T S AT R P A R ol Y|

i

‘f Q,ﬂg

A "4&“

W

2x8” wooden joists, 16”0.c.

1 1/8” tongue and groove plywood nailed 6”o.c. at
edges and 16”o.c. in field.

44 oz. wool carpet on 40 oz. hair pad.

2x4” ceiling joists, 16”0.c. and staggered between
floor joists.

5/8” gypsum board nailed to 2x4" joists.

3” thick sound attenuation blanket.

53
(80)

el BN

W

2x8” wooden joists, 16”0.c. .

1/2” plywood nailed with 8d nails 6”0.c. at edges
and 16"o.c. in field.

25/32” wood strip flooring nailed to sub floor.
2x4” wooden ceiling joists, 16”0.c. and staggered
between floor joists.

5/8” gypsum board nailed to 2x4” joists.

3" thick sound attenuation blanket.

54
(45)

12 3 4 s

Al ol el A

2x10” wooden joists, 16”0.c.

1 11/32” tongue and groove wood-fiber board.
44 oz. wool carpet on 40 oz. hair pad.
Resilient channels, 24”0.c.

5/8"” gypsum screwed 12"0.c

49
(68)

"“P’ll <Il\

'.-’_’of:fmfu‘kf«-?i RADEOOOGELERO0NT KHOOGOIN

'nu_u_ogumim Mummmm

Qooooe'ontnrtvct H B AL c_

whe

ouk

2x10” wooden joists, 16”0.c. :
19/32” tongue and groove plywood.

a. Carpet and pad.
b. Vinyl tile.
Resilient channels, 24”0.c.
5/8"” gypsum screwed 12"o.c.
1” thick sound attenuation blanket.

51

(a. 74)
(b.51)
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Brief Description STC
(1IC
1. 2x10” wooden joists, 16”o.c. 50
2. 111/32" tongue and groove wood-fiber board. (72)
3. 40 oz. wool carpet on 80 oz. sponge rubber pad.
4. Resilient channels, 24"0.c.
5. 1/2” gypsum board screwed 12"0.c.
6. 3” thick sound attenuation blanket.
1. 2x10” wooden joists, 16"0.c. 43
2. 5/8” plywood sub floor glued to joists, nailed with (NA)
3 ‘ 8d nails 12"0.c.
3. Va” particleboard glued to plywood.
4. 2" parquet wood flooring glued to particleboard.
5. ¥2" type-X gypsum board screwed 12”o.c.
{ 6. 3" thick sound attenuation blanket.
k’o’o"h’o’o’o’.‘o’&él"'éh thicles t
1 2 34 45 & 7 1. 2x10” wooden joists, 16”0.c. 56
ey ) - 2. 5/8" tongue and groove plywood nailed with 8d
e i nails 6”0.c. along edges and 10”0.c. in field.
— 3. Two layers of 5/8” gypsum board attached with
screws 12”0.c. to underside of sub floor.
4.
a. 44 oz. carpet on 40 oz. hair pad. (a. 74)
S b. 1/16” vinyl asbestos tile. (b.50)
5. Resilient channels, 2470.c.
6. 5/8" gypsum board screwed 12"0.c.
7. 3 ¥2" thick sound attenuation blanket.
172 3 33 X 1. 2x10” wooden joists, 16"0.c. 49 |
d 2. 5/8” tongue and groove plywood nailed with 8d
nails 6”0.c. along edges and 10”0.c. in field.
3.
a. 44 oz. carpet on 40 oz. hair pad. (a. 68)
b. 1/16” vinyl asbestos tile. (b.47)
4. 5/8"” gypsum board nailed 7"0.c.
P 5. Two layers of 5/8” gypsum board suspended by
' , wire hangers 5” long in a 2x4' heavy-duty T grid
- Lot ceiling system.
= R 6. 3 12" thick sound attenuation blanket.
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Sketch

Brief Description

STC
(11C)

fd'_f’f.ﬂ‘fl’/ ';1”.- P ATl A AL AT K r/.ytzlar

,M- <I|

1.
2.

w

2x8” wooden joists, 16”0.c.

5/8” tongue and groove plywood nailed to joists
with 8d nails 6”0.c. at edges and 10”0.c. in field.

1 5/8” lightweight concrete over 4 mil. polyethylene
film.

44 oz. carpet on 40 oz. hair pad.

5/8” gypsum board nailed to joists.

(66)

flf.-”f/..-"” P Al J””.A'.‘a .’ﬂ f

—

w.'miw.v.vw:”r.

ST

2x8” wooden joists, 16”0.c.

5/8” tongue and groove plywood nailed to joists
with 8d nails 6”0.c. at edges and 10”0.c. in field.
1 5/8” thick lightweight concrete over 4 mil.
polyethylene film.

a. 44 oz. carpet on 40 oz. ha|r pad.
b. .075” sheet vinyl.

Resilient channels, 24”0.c.

5/8” gypsum board screwed 12"0.c.

3" thick sound attenuation blanket.

53

(a. 74)
(b. 47)

MRS EE Y

Yt
pﬁ_p‘z_yxt L Pt

ﬂlp

Xy LOOOGH Wi

h
J«'J‘aff o

\\\

'4»8’&“

NOURWNEINOG

2x10” wooden joists. 16”0.c.

5/8" plywood nailed to joists.

3. 1 ¥2” thick lightweight concrete, 13 psf.
Cushioned vinyl.

Resilient channels, 24”0.c.

5/8" gypsum board screwed to channels.
3 2" thick sound attenuation blanket.

NA
(51)

N =

vih W

Plywood web I-beams 12” deep and 24”0.c.

3/4” plywood sub floor nailed with 6d nails 6”0.c. at
edges and 10”o.c. in field.

1 2" thick lightweight concrete, 15 psf.

Resilient channels, 24”0.c.

5/8” gypsum board screwed 12"0.c.

57
(NA)
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Sketch Brief Description STC
(1IC)

1 2 3 43 4b 5 8B 7 1. Plywood web I-beams 12" deep and 24"o.c. 58
,a\ ’\ \ 2. 3/4” plywood sub floor nailed with 6d nails 6”0.c. at
edges and 10”o.c. in field.

1 1/2" thick lightweight concrete, 15 psf.

4431434

o m ka

e ) MI‘;WI D S T fffﬂ/ffﬂ L

g ;‘;,-,‘.' -
9

A

AW

a. 44 oz. carpet on 40 oz. hair pad. (a. 77)
b. .07” vinyl tile. (b. 50)
Resilient channels, 24.0.c.
5/8" gypsum board screwed 12"o.c.
3" thick sound attenuation blanket.

2x10” wooden joists, 16”o.c. 51
5/8"” plywood glued to joists, nailed with 8d nails (NA)
12"0.c.

Va" particleboard glued to plywood.

2" fiberboard glued to particleboard.

NrlNou

nhw

] -l' A\

6'6’6’0’&. '4‘ SR V)

AT T

a. 76 oz. carpet on 50 oz. hair pad.
b. 1/2” parquet wood flooring.
Resilient channels, 24"0.c.
12" type-X gypsum board screwed 12”0.c.
3" thick sound attenuation blanket.

2x10” wooden joists, 16"0.c. 56
5/8" plywood sub floor nailed with 8d nails 6”0.c. (NA)
along edges, 10”0.c. in field.

1 1/2” thick lightweight concrete over 15 Ib. asphalt

felt.

NEfeNo

w

a. 20 oz. carpet on 40 oz. hair pad.
b. 1/16" thick vinyl-asbestos tile.
Resilient channels, 24"0.c.
12" type-X gypsum board screwed 12”0.c.

2x10" wooden joists, 16”o.c. 61
5/8” plywood sub floor nailed with 8d nails 6”o.c. (NA)
along edges, 10”0.c. in field.

1 %" thick lightweight concrete over 15 Ib. asphalt

felt.

il I

w

a. 20 oz. carpet on 40 oz. hair pad.

b. 1/16" thick vinyl-asbestos tile.
Resilient channels, 24"0.c.
5/8" type-X gypsum board screwed 12"o.c.
3 2" thick sound attenuation blanket.
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FLOORS: Concrete

Sketch Brief Description STC
(11C)
4 1. 4” thick concrete slab, 54 psf. 44
- ‘3 : (25)
1 1. 6" thick concrete slab, 75 psf. 55
\ - (34)
1. 6" thick concrete slab. NA
2. 2" wood-fiber board glued to concrete. (81)
3. 44 oz. carpet on 40 oz. hair pad.
1. 6" thick hollow-core concrete panel, 45 psf. 48
2.
a. Carpet and pad. Eg ggg
b. No floor covering. )
2{’ 1. 8” thick hollow-core concrete panel, 57 psf. 50
2
T a. 66 oz. carpet on 50 oz. hair pad. Eg ;gg

S e . ®

b. No floor covering.
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Sketch

Resilient furring channels on %2” fiberglass blanket.

2" gypsum board.

Brief Description STC
(11C)
8" thick hollow-core concrete panels, 57 psf. 50
1/4” inorganic felt-supported underlayment board, (51)
.6 psf.
3/32" vinyl-asbestos tile.
3" thick reinforced concrete slab, 35 psf, ceiling 45
bare.
a. Vinyl asbestos, 0.08" thick. (a. 42)
b. Wood parquet 1/2” thick. (b.45)
c. Soft vinyl tile with foam plastic backing. (c. 49)
d. Carpet over soft padding, at least %" thick. (d. 70)
3" thick reinforced concrete slab, 35 psf. 56
a. Wood parquet 2" thick. @.51)
b. Soft vinyl tile with foam plastic backing. (b. 55)
c. Carpet over soft padding, at least %" thick.  (c. 70)
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Sketch

Brief Description STC
(IIC)
1. 5” thick reinforced concrete slab, 55 psf. ceiling 51
bare.
2.
a. Wood parquet ¥2” thick. (a. 46)
b. Soft vinyl tile with foam plastic backing. (b. 50)
c. Carpet over soft padding, at least %” thick.  (c. 70)
1. 5” thick reinforced concrete slab, 55 psf. 56
2.
a. Wood parquet 2" thick. (a. 51)
b. Soft vinyl tile with foam plastic backing (b. 55)
c. Carpet over soft padding, at least %" thick.  (c. 75)

bl

2" gypsum board.

Resilient furring channels on %2” fiberglass blankets.
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WINDOWS

‘Sketch Brief Description STC

Front / Cross Section

P 30x48” aluminum clad casement, two 1/8” panels of 29
glass, 13/16” apart in a wood frame.
30x48” aluminum clad casement, one 3/32” panel and 31
one 1/8” panel, 13/16” apart in a wood frame.
32x24x24” aluminum double-hung windows (32" wide 29
with 24” high upper sash and a 24” high lower sash),
each sash has one 3/32” panel and one 1/8” panel,
13/16" apart in a wood frame.
6x5' picture window glazed double strength, single 29
panel.
6x5' picture window plus storm sash, glazed doubie 38

strength single panel, 3 34” separation between panels.
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Sketch Brief Description STC
Front / Cross Section
e e : 3x5' double hung window, 7/16" glazed insulating 26

glass, single panel.
3x5' double hung window, 7/16" glazed insulating 35
glass, single panel plus storm sash, glazed single
strength, single sealed separation between panels:
upper 1 ¥2”, lower 2 13/16".
3x4' awning window, glazed double strength, cranked 24

shut.
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Sketch
Front / Cross Section

Brief Description

STC

3x4' jalousie window, glazed %" glass, 4 V2" wide
louvers with 2" in overlap, cranked tight shut.

20
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DOORS: Exterior

Sketch Brief Description STC
Front / Cross Section
’ 3x7" hollow-core wood door, 1 34" thick. 20

3x7"' hollow-core door, 1 3/4” thick, 30% of area 19
glazed with 1/8” glass.
3x7' solid-core wood door, 1 34" thick. 27
3x7' steel-faced door, 1 34” thick, rigid polyurethane 26
core.
3x7' solid-core wood door, 1 34” thick plus an 34

NN

aluminum storm door, glazed single strength.
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Sketch Brief Description STC
Front / Cross Section
’ 3x7' wood French door, 12 lights glazed single 26
strength, mounted in frame, brass weather strip.
6x6' sliding glass doors, 34" insulating glass (2 pieces 28

1/8" tempered glass), one door opens, other is
permanent in place.

[ v,

*All exterior doors are sealed with a weathering strip around the frame. Interior doors do not have a weather strip and are not flush

to the fioor to permit the installation of a carpet.
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DOORS: Interior

Sketch Brief Description STC
Front / Cross Section
3x7' solid-core wood door, 1 3" thick, weight 1.5 17
Ib/ft2.
*
5] 3x7' solid-core wood door, 1 34" thick, weight 4.0 20
WIS Ib/ft2.
T4
b
agﬁ
A
mgﬁ"
&
3x7" hollow-core steel door, 1 34" thick, weight 5.0 17
Ib/ft2.
.Z
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Appendix B
General References

Books:
Acoustical and Thermal Performance of Exterior Residential Walls. Doors and Windows; NBS
Building Science Series 77, U.S. Department of Commerce/National Bureau of Standards, 1975.

Acoustics Noise and Buildings; Parkin, Humphreys and Cowell; Faber and Faber; London; 1979.

Airborne Sound Transmission Loss, Characteristics of Wood Frame Construction; Fred F. Rudder, Jr.; USDA,
Forest Service; General Technical Report FPL-43.

Handbook of Architectural Acoustics and Noise Control; Michael Retting; Tab Book; Blue Ridge Summit, Pa.;
1979.

Quieting: A Practical Guide to Noise Controls; U.S. Department of Commerce/National Bureau of Standards;
NBS Handbook 119; 1976.

Institutions and Organizations:

Amerada Architectural Glass.

DeSco Windows.

Georgia-Pacific.

Industrial Acoustics Company.

National Concrete Masonry Association.

Office of Noise Control; California Department of Health Services.
Overly Manufacturing Company.

Paella Products.

Portland Cement Association.

U.S. Gypsum Company.

Testing Laboratories:

Cedar Knolls Acoustical Laboratories.

Geiger and Hamme.

Kaiser Gypsum.

Kodaras Acoustical.

National Institute of Standards and Technology.
National Research Council of Canada.
Riberbank Acoustical Laboratories.



ERRATA SHEET

The Noise Guidebook
Railway Noise Guidance and Calculation Corrections

February 2009

The following should replace the paragraph entitled “Horns and Whistles” on page 63
(also marked 15) in the Noise Assessment Guidelines, Chapter 5, of The Noise
Guidebook (September 1991).

If the Noise Assessment Location (NAL) is perpendicular to any point on
along a railroad track between the whistle posts for a road crossing, a
factor to account for the noise of warning horns or whistles must be
included in the calculation. There are 2 factors to be used based on the
type of locomotive. If the locomotive is diesel-powered, enter the number
10 in column 11 of Worksheet D. If the locomotive is electric-powered,
enter the number 100 in column 18 of Worksheet D. If the NAL is not
between the whistle posts for a road crossing, enter the number 1 in each
column.

Note: Whichever horn factor is appropriate, it must only be applied once.
If a factor is applied for diesel locomotives in the first section of the
worksheet, it must not be applied to the railcar noise calculation in the
second part. In that instance, enter the number 10 in column 11 and the
number 1 in column 18.

A revised Worksheet D also accompanies this correction. It is easily distinguished from
the original. The new Worksheet D has an additional column in the second section of
page 2 for a total of 27 columns. The original version, with 26 columns, is hereby void.



Railway Noise
Data Sheet

Noise Assessment Guidelines

List All Railways within 3000 feet of the site:

3.

Necessary Information

1.

Effective distance:

. Number of Trains in 24 hours:

a. diesel

b. electrified

Fraction of operations occuring at night:

. Number of diesel locomotives per train:

Number of rail cars per train:

a. diesel trains

b. electrified trains

. Average train speed:

Is track welded or bolted?

Is the site opposite a section of tracks
between whistle stops?

Rallway No. 1

Rallway No. 2

Rallway No. 3

Notes

Measured in feet from
NAL to center of track

10 p.m. - 7a.m.

Include locomotive for
electrified trains



Railway Noise Noise Assessment Guidelines
Computations and Findings

Adjustments for Diesel Locomotives

9 10 1 12 13 14 15 16 17
No. of Average Night- No. of
Locamotives Speed Homs time Trains Adj. No DNL Barrier Partial
2 (Table 9) {Enter 10) (Table 5) {Uine 2a) of Opns. {Workchart 3)  Attn. DNL
Railway No. 1 X X X X = - =
Railway No. 2 X X X X = - =
Railway No. 3 X - X X X = - =
Adjustments for Railway Cars or Rapid Transit Trains and Electric Locomotives
25 26 27
18 19 20 21 22 23 24
Homs on Number Average Bolted Night- Na. of Adj. No. DNL Barrier Partial
Electric of cars Speed Rails time Trains of Opns. {Workchart 4)  Attn, DNL
Trains only 50 (Table 10} (Enter 4) (Table 5) {Lines 2a
(Enter 100) Welded and 2b)
{Enter 1)
Railway No. 1 X X X X X = - =
Railway No. 2 X X X X X = - =
Railway No. 3 X X X X X = - =

Combined Locomotive and Rallway Car DNL (See combining noise levels table for procedures)

Partial DNL Partial DNL Partial DNL

Partial DNL Railway No. 2 Railway No. 3 Total DNL for all Railways
Railway No.1 [ -

Signed Date







