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Preface
Introduction

This Noise Guidlebook has been
prepared to serve as the baslc
reference document for all HUD fleld
staff who ars responsible for
implementing the Dapartment's nolse
paliey. It brings together [n one place
all the variaus reports, informatlonal
papars and other ltemns that have been
put out by the Departmant over the
past several years. It also containg
severa! new |tems designed to make
your job easier.

This Guidebook is desligned to
serve not only the experienced HUD
staff member but also the new
employae or the old employee wha s
new to the nolsefleld. Because of
this, the Guidebook contalna some
fairly basic background material as
well as quizzes and other material
speciflcally geared for the “learner.”
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Chapter1

Basiec Overview of the
Environmental Noise Problem

Introduction
Background

Dolinition and Scope of the Naise
Problem

The airaround us is constantly filled
with sounds, yet most of us would
probably not say we ara surrounded
by nolse, What then is the diiference
between ordinary sound and what we
call nolse? The traditional deflnition
of noise [g that It Is "unwanted
sound.” Sound becomas unwanted
when [t either interferes with our
normal activities such as slesping,
conversation or recreation, when it
causes actual physical harm such as
hearing loss or has adverse effects on
mental heaith, As we have become a
more urbanized country and as
technology has advanced, the level of
sound In our envlronment has reached
the polnt when it scmetimes doss
cause Interference and does cause
physical and psychological harm, and
thus we have developed a noise
problam. (Sea Flgura 1 for a listing of
common sounds.)

The dimanslons of the nolse
problem have grown larger and larger
over the past few decades. Inits 1979
Annual Raport, The Council an
Environmental Quallly stated that
“nearly hafl the US population is
regulatly exposed toievels of nolse
that interfere with ..normal actlvities™
and about "1 in 10 ,.are exposad to
nolses of duration and intensity
sufficient to cause a permanent
reductian In thelr abillty to hear."

Flgure 1
Commen Sounds
(%ﬂa’)m Theory: Common Sounds in Daclbals

Some comman, caslly rocogaized sounds are
lIsted balow in order of Increasing sound
Intenslly levsls In declbels. The sound tevels
shown for occupled rooms are typleal genaral
nctivity lavels anly and do not represent
criterla for deslgn,

Examples

Near ot engine

Thrashold of pain
Thrashold of feeling—hard
rock band

Acceleraling motorcycle at a tow feet away
{Note: 50 ft from motoreyela squals noise at
abaut 2000 it from a 4-angine Jet alrcraft.)

Loud aulo horn at 10 ft away

Noisy urban gtreet
Noisy faclory

Sthool eafeleria wiuntreated surfaces

Stenographlc roam

Near freeway auto traffic

Avarage office

Solt radio muslc (n apartment

Average residence without stereo playlng

Avorage whisper

Rustie of leaves in wind
Hurnan breathing

Thrashold of audIbility

odB aro “uverage” values as measured on the A-
acale of a sound4evel meter

{From Concapts in Architeciueal Acoustics: M.
DRavid Egan, McGraw HIY, 1972}

Range of speech {

Daclbels (dB)s

Continuous exposure above
ere is likely to degrade the

h
hearing of most people
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Subjective
Evaluations
130
120 L Deafening
110
/
-
100
> Very loud
80
~
ap ™
70 J} Loud
607
Moderate
50
40
30 Fatnt
|20
10 Very faint
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The Dynamics of tha Noise Prablem

Thera are baslcally two types of nolse
prablems, There is the specific, job
related, eccupatlonal noise problem
created by extramely loud machinery.
Then there is the community noise
problem whera the combined effect of
many individual nolse sources
creates an overall nolse level that is
unacceplable, In the following pages
we wlil be addressing the communlty
nolse problem only.

The main coptributors to a
community noise problem are
transportation sources such as
highways, rallroads and airports,
Thesa sources are the most pervasive
and continulng of the noise sources
wlthin the community, Of course, at
any given site, there may be other
noise sources which add to the
problem, sources such as
jackhammers at a constructlon site,
But in general, and for the purposes of
this sectlon, the main concern is with
the transportation sources.

The dynamics of a noise problem
are based on the relatlonship between
the noise sourcs, the person or place
exposed to the noise (hareafter called
the recelver) and the path the nolse
will travel from source to receiver,

‘The source generates a glven
amount of nolse which travels along
the path and arrives at the receiver.
Theamount of nolse will be reduced
to some extent as a resull of how long
that path s or whether there are any
barrlers along the path, The severity
of the impact on {he raceiver is a
function of what type of aclivity [s
taking place, whather it Is indoors or
outdoors, and what type of bullding It
is inif the activity is Indoors. Figure 3
contains some baslc compatibillty
quidalines.

The impact of the hoise can be
altered or mitigated by changing the
characteristics of any of the three
elements: source, path or recejver.
Later on we will look at the various
mitigatlon measures that are
possible, Our concarn however will be
primarlly with the receiver and the
path. Control of the socurces
themselves is the speclfic
rasponsibility of agencies such as the
Environmental Protection Agency
{EPA) or the Federal Aviatlon
Administration (FAA),

Figure 2
Dynamlcs of a Nalse Problem

Source Path

Recelver

Flgure 3
Land Use Compatibillly Guidelines

LAND USE CATEGORY

LAND USE INTERPRETATION
FOR NEF VALUE®

20 30 40 50

Residenilal — Single Family, Duplea, Moblle Homes

e Pt it

Resldential — Mulllple Family, Darmllioties, oic.

Transiont Lodging

School Classraoms, Librarles, Churches

Hospitals, Nursing Homes

Audllorlums, Concert Halls, Music Sholis

Sperts Arenn, Ouldoor Speclator Sports

Playgrounds, Nelghborhood Porks

Golt Coursaes, Aiding Stobles, Walor Rec., Cemaeteries

Otlice Bultdings, Personal, Business and Prolassional

Caommorgisl — Retall, Movie Thoatars, Restaurants

Commeteial — Whelasale, Soms Retalls, ind,, Mig., Ulil,

Manufacturing, Commuanlcailon {Notse Sensitive)

Livestock Farming, Animal Breading

Agtleullure {excepl Livesiock), Mining, Fishing

Public Righl-ol-Way

Exiensive Natural Recrantion Arens

‘{.dn = NEF Value + 15

Cloarty
Acceplabla

Normally
Acceptable

] 2

65 75 85
Ldn VALUES

Normally
Unaccepiable

Clearly
Unacceptable




The idea! solution to a potential
preblem Is to reduce the nolse being
produced by the source. The best
solution available to HUD, ar the
community, iowever, is to make sure
Ihat noise sensitive usas are located
where they will nol be expasad 1o high
noise lave!s, The next best approach
tomitigating noise impact Is to
attempt to reduce the amount of
noisa that reaches lhe recelver, This
can be accomplished through the use
of barrlers such as walls or earthen
barms, or combinalions of both, along
the noise path. If the use of barriers is
not possible than the only alternative
available |s to provlde noise reductlion
measures in any structures
assoclated with the activity so that at
|east the Interlor spaces are not
exposed to high nolse levels, This
approach is considered the least
deslrable because most of the land
uses wa are concerned about, such as
ras|dential, do have outdoor areas and
activitles assoclated with them which
would rematn exposed to high noise
levels,

A Note on Descriptors

Akey factor in the growth of our
ablllty to evaluate and reduce noise
impacts has been the development of
better tools to measure and describe
the noise levela generated by varlous
sourcas, The develapment of better
tools (called noise descriptors or
metrics) has been particularly
important for deallng with community
neise problems, Many of the older
descriptor systema could only be
used forone or ilwo sources such as
cars and railroads, but not alrplanes.
Since tha community nolse problem
very often includes nolse from all
these sources the lack of an adequate
descriptor made It difflcult to do an
adequate evaluation,

The most advanced descriptor
currently in general use is the day
night average sound leve! system,
abbreviated as DNL and symbolized
mathematically as Lgr,. The day night
average sound leval is the 24 hour
average sound level, expressed in
decibels, obtained after the addition
of a 10 decibel penalty for sound
levels which oceur at night between
10 PM and 7 AM. This nighttime
penally is based on the fact that many
studies have shown that pecple are
much more dislurbed by nalse at
night than at any other time. Thigis
not unusual in that background nolse
Is often much less af night and also
paople tend to be dolng very noise
sansitive things al night, such as
trylng to sleep,

Another feature of the DNL system
that is very important Is that it can be
used to describe noise from all
sources. Thus, using the DNL system,
we can describa tha total nolse
exposure al a site, something many
other dascriptor systams couldn’t do.

The DNL system has been adopted
by the EPA, the Departmant of
Defense (DQD) and HUD, and mora
racenlly by the FAA, speclfically for
descrlblng environmental Impacts for
alrport actions. We expect that very
soon it will be In alfmast universal use
inthe US.

Issues

The main Issues lnvolved Inany noise
analysis can be summarized briefly,

* How much nolse Is a site axposed
to

» What types of activities are belng
atfected and how severaly

s |s il reasonable to redesign the slte
torelocate noise sensltive aclivities
e And, If not, how much protection
can be provided through various
atienuation measures.

Your approach to these Issuas will
be affected in many ways by the
lecatlon of the prolect In question,
Prajects in suburban or rural areas
can be approached differantly
because the available mitlgation
aptlons are greater and often the
noisa exposureitsel| is not so severe.
In urban sltuations, howsvar, the
nolse exposure is often more severe
but at the same iime tha optlons for
mitigation or reslting are more
{Imited, in the urban setting innavative
dasign and the use of advanced
attenuation maasures hecomes
critical. Fortunately our experlence
has shown that good design and
constructlon can relleve or
substantlally reduce major noise
problems.

Legal Provislons
General Leglslation and Background

The Federal legislatlon which
addresses noise issues Is somewial
different from other enviranmental
leglslation. The Clean Alr Act, for
exampleg, required the Environmental
Protection Agency to set up actuat
mandatory standards for air quality
which ware supposed to ba met by all
jurisdicticns. EPA even has the
authority to take punitive steps
against ¢lties which are not making
"reasonable further prograss’
towards achleving these air quality
goals. There 13 no slmilar legislation
that covers nolse. The approach has
been to {ackla the noise problem at
the source hy controlling the amount
of noisa that can be emitted by the
Individual airplane engine or the
individual jackhammer. Agancles like
HUD or the Farmers Homea
Administration have developed
regulations which are related 1o the
overall community noisa level, but
they only affect their own programs
and are not binding on local
communities, The Veterans
Administratlon program only relates
to aircraft noise and also only affects
its own programs.

The majer pleces of Federal
legislation related to noise include;

The Noise Control Act of
1972 directed EPA to promote an
environment for all Amerlcans free
frem nolse that jeopard|zes their
health and welfare, It also Included a
requlrement for EPA to sat a criterion
for nolse level adequate to protect
health and welfare with an adequate
margin of safety but without regard to
cost or feasibllity.

Quiat Communities Act of
1878 amended The Noise Control Act
of 1972 to encourage noise control
programs at the Stata and community
lavel.

Federal Aid Highway Act of
1870 established the requirement
that nolse control be a part of the
planning and design of all federally
alded highways,

Avlation Safety and Nolse
Abatemant Act of 1879 requires FAA
to develop a sinple system for
measuring noise at alrports and under
certain condltions to prepare and
publish nalse maps.



HUD Regulations

While the Dapartment of Housling and
Urban Development has no specfic
responsibllity to try o reduce the
nolse problem at the source the way
the Environmental Protaction Agency
and the Federal Aviatlon
Administration do, t doas have the
responslbllity to be aware of the nolse
problem and Its Impact on the
housing environmant. The most basic
mandate which drives the
Dapartment’s Invalvement with the
nolse issue is the Housing Act of
1948 (Publlc Law 81-171) which sets
forth the national goal of “a decent
home and suitable living environment
for every American famlly." This goal
was affirmed by the Houslng and
Urban Davelopmant Act of 1968
(Public Law 90-448). The Department
was tasked by the Hausing and Urban
Development Acl of 1865 (Public Law
88-117) “to determine feasible
methods of reduclng the economle
loss and hardships suffered by
homeowners as a resuli of the
depraclation in the value of thelr
propertles following the constructlon
of airports in the vicinlty of their
homes," The Nolse Conlral Act of
1972, In addition to lIs specific
lasking to EPA, taskad all Federal
agencies to adminlsler thelr programs
In ways which reduca noise pollutlaon.
Finally, the Department is tasked by
Federal Managemenl Clrcular 75-2:
Compatible Land Uses at Federal
Alrflelds to make sure that its aclions
do not promota incompatible land
uses around Faderal airflelds.

All of thesa Isgislative and
regulatery mandates combine to
create a serlous requirsment for the
Department of Housing and Urban
Development to be awara of the
problem of nolse and to take positive
steps to protect residential and ofher
sensitlve land uses from high noise
lavels,

The Department of Housing and
Urban Development flrst Issued
formal requirements refated
spacifically to noise [n 1971 (HUD
Clreular 1390.2), These requiremants
contained standards for exterior
noisa levels along with pollcies far
approving HUD supported or assisted
houslng projects in high nolse areas,

In general the requirements
established three zanes: an
acceptable zone where all projects
could ba approved, a normally
unacceptable zone where mitigation
measuras would be required and
whore each preject would have to be
fndividually evaluated for approval or
denfal, and an unacceptable zone In
which projects would not, as a tule, be
approved,

In 1979, the Department Issued
revised regulations (24 CFR Parl 51B)
which kept the same baslc standards
but adopted new descriptor systems
which were considerably advanced
aver those In use under the old
requiremants,

HUD's regulations also require that
raciplents of Community
Development Block Grants {CDBG)
and Urban Development Action
Grants (UDAG) take into
consideration the noise criteria and
standards in the environrmental review
process and conslder ameliorative
actions when nolse sensitive land
developmants are proposed In noise
exposed areas, If CDBG or UDAG
activities ara plannedina nolsy area,
and HUD assistance is contemplated
later for housing and/or other noise
sensitlve actlvities, the HUD
standards must be met for those
activities,

Project Analysis
Goneral

Whila most of the analysis for nolse
focuses on nolse sources located
around the project slte, thers are
soma characteristics of the project
itself that you should know about.
These charactaristics will help you to
datermine what is called the nolse
assessmeant location (NAL) for site
analysls. (The NAL s a representative
point {or points)on the site where
significant nolse axposure is
expacted, All distances, etc, are
measured from the NAL). This
Information wlll also be helpiul later
in evaluating the potential for
mitigating or reducing the Impact of
nolse. All of this data should be
avallable from preliminary plans and
speclfications. If not, a quick phone
call to the developer/sponsor should
get you all the information you need.

Data Required

* Location of autdoor noise sensitive
uses relative to the nolse sourcs,

* Location of buildings contalning
nolse sensltive activities,

* Locatlon of other bulidings,
particularly ones which might serve to
shleld sensitive bulldings or areas
from the nolse source.

* Dasignand construction features
of bulldings, partlcularly features
such as use of cantral air condltioning
which could provide nolse reduction
benelits by permitiing windows to be
kept closed,

Analysis of Site and Environs
General

The ptimary focus of this impagt
analysis {s on noise sources and the
primary item to ba determined Is tha
nolse level created by those sources.
In many instances, particularly with
airports, data on the nolse levals
generated by the source will have
already been prepared by another
agency such as the airport operator,
the lacal or Stata
highwayitransportation department or
other similar agency, (Figure 4 shows
typical airport nolse contours.)In
those cases no site or envlrons
analysls Is necessary and one can
pracead directly to Impact analysis,
Far those instances where thera are
na current data already prepared, the
Depariment of Housing and Urban
Development has daveloped a
handbook called the Noise
Assessment Guidelines which
contains a detalled desk top
methodology for use by individuals to
determine noise lmpacts {see Chapter
5). Included In the handbook is a
comptele listing of the data aboul {he
slte and Its snvirons that are
necessary to conduct an analysls, We
don't want to repeat all the detailed
requirements hers, but tha following
are some of the types of information
yod would have to collect if you were
1o do your own analysls, You might
nole that most of the informatior Is
related ta the noise sources
themselves.

For {he purpose of analysis, the
Nolse Assessment Guidsiines requlre
thal you consider all mititaryicivilian
airports within 15 miles of the project,
all significant roads within 1000 feat
and basically all railroads withln 3000
feet,
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Types of Data Requirsd

* Number and type of vehicles

* Operational data:

- speed

— daytime/nighttime spilt

* Conditions whera the vehicles are
operated, |.., freely ilowing traffic
versus stop and go, level versus hllly,
walded railroad track versus bolted
raltread track.

Figure 4
Nuaise Contours

The Noise Assessment Guidelines
contain guidance on sources for this
dala. Most of them are obtained from
the “operator” of the transpartation
source, The Guldelines also contalns
model figures which can be used
when actuat data Is unavallable, For
example, if the actual number of
vehicles traveling at night Is not
available then the Guldelines state
that a figure of 15% should be used.
Thus It Is posslble to make
reascnably accurate noise level
determinatlons even if some
information [s not avaliable,

Determination of impact
General

The specifle procedures tor
detarmining tha noise exposure levels
for a slte are clearly spelled out intha
Noise Assessmen! Guidelines, The
process is a falrly simple one in which
the nolsa level from each source
affecting the slteis calculated and
then combined to derive the overall
axposure, i seme kind of barrlar
exlsts or is proposed, the nolse lsvels
can be adjusted lo reflect the
mitigation provided by the barrler. The
averall noise level is then compared to
HUD's standards and the appropriate
action, as spelted outin the
regulations, is taken.
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Evaluation of impact

HUBD Regulations set forth the
following exterlor nolse standards for
new housing construction assisted or
supported by the Departmant:

05 Lgp o le55 - Accapiable

Exceeding 85 Lgp but not exceeding
75 Ly — Normally

Unacceptable - appropriate sound
attenuation measures must be
provided: 5 decibels attenuation
above the attenualion provided by
standard construction required in 65
Ldn t0 70 Lgn 20ne; 10 declbels
additlonal attenuatlon In 70 Lgp to 75

Ly 2one.
Exceeding 75 Lgn - Unacceptable

HUD's reguiations do not contain
standards for Interior noise levals,
Rather a goal of 45 decibels is set
forth and the attenuation
requirements are geared towards
achieving that goal, It [s assumed that
with standard construction any
building will provida suificlent
attanuation so that if the exterior lavel
Is 65 Ly or less, the interlor lavel wlll
be 45 Lgp, or less.

Once you have determined the
ovarall nolse exposure for the slte you
compare it to the above slandards, If
the overall site exposure 15 65 Ly or
less the project Is acceptable. If the
axposure |s between 65 Ly, and 75
Lan you should conslder alternative
locations or providing adequate
attenuation with the first preference,
as we'va noted, belng for the
construction of some kind of barrler
to prevent nolse from reaching the
site. If providing adequale attenuation
Is fmposslble or impractical then the
project should be consldered
unacceptable,

Suggested Mitigation
General Considerations

As discussed briefly earller, there are
three baslc approaches [or mitigating
the high nolsa exposures. The first
and best is lo relocate nolse sensitlve
uses out of the high nolse area, The
second Is to prevent nolge from
reaching the noise sensitlve user
through some sort of barrier, And the
third, and least daslrable approach, |s
to provide attenuatlon for at least the
Interlors of any bulldings lacated in
the high noise areas,

Specllic Consideratlons
Relocating Nolso Sensiiive Uses

By far the most desirable mitigation
approach |s fo refocate nolse
sensitive uses out of the high nolse
araa althougt. I tha slials largs
ancugh it may be possible to Jocate
non-nolse sensitive usas betwesn the
source and the sensitive use, for
example a parking lot might be
located between aroad and a park
(sBe Figure 5}, Tha workcharts [n the
Nolse Assessment Guldellnes can be
used in reverse to tell you exactly how
faraway from the nolse source you
need tobe,

When sites are small, very dense or
when the source affects the entire
slte il is very difflcult to mitigate by
changing the site plan. Then the nex!
aption must be considered: erecting
soma type of barrier between the
source and the receiver.

Figuro
Tho Audible
Landscapa

[n elusier development, open space can be
laced near the highway to reduce noise
mpacis on reslcances

Barrlars

Barrlers ara most effective for at or
balow ground lavel sources. They
have no effect on nolse from alrcratt
overflights and ara limited in practical
applicatlon with elevated sources
such as elavated trains. Tho key to the
effactiveness of a barrier |s whether
ornot It breaks the line of sight
betwean the scurce and the raceiver.
If a barrier does not completely break
the line of sight either becauss It Is
not high enough, or not long encugh
then lis effectiveness is greatly
reduced,

Barrlers can be actual walls,
earthen mounds {called berms) or
even other bulldings. The use of other
non-noise sensitive bulldings as
barrlers Is a particularly good
approach In that It need not add to the
cast of the project and may not create
the aesthatic problem a large wall
might creata (see Figura 6).
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Flgura &
The Audiblo
Landaeape

Pacement of naise compatible land uses
near highway in Planned Unlt Devolopment

Figute 7
Tha Audlblo
Landecapo

Use ol acoustical archltectural design to
reduce nolse impacts eh mara nolsa
sensilive [lving apaces

Badroom

Bedroom

Living Room

-

Kitchen

Den @ Balh

Dinlng Roam

Highway

As polnted out eartler, the
effectiveness of a barrieris
determined in large part by Its height
and length. Soms studies have shown
that the effectiveness of a barrler can
he recluced by as much as 50% if it
Isn't long encugh. Again, the Nofse
Assessmani Guldetines contaln
procedures for determining the
effectlveness of barrlers,

Incorparating Nolse Attenuation
Measures Into the Building

If nelther relocatlon or barrlers s a
reasonable nolsse attenuation option,
tha last resort is to Incorporate noise
attenuation measures Into the
bulldings themselves. This is not
considerad the best solutlon becausa
It leaves the outdoor areas, some of
which may be for qulet recreation,
exposed to high noise levels, But if
development must take place and
barriers are Impossible, then the
nolse attenuation measures should
be employed in bullding design and
censtruction,

Without gofng into great technical
detall, noise attenuation construction
measuras generally fall into four
categaries,

{1) Reducing the total area of
windows or other acoustfcally weaker
bullding elements

{2} Seallng off “lsaks" around
windows, doors, vents.

{3) Improving the actual sound
attenuating properties of small
building elements such as windows,
doors, etc.

(4y Improving the actual sound
attenuating propertiss of major
bultding elements such as roof and
wall construction,

In addition, naise attenuationin
bulldings can be provided by
desligning interlor spacas so that
“dead" spaces such as closets or
corridors act as buifer zones (see
Figure 7). And finally nolse
attenuation can be provided by
raducing the need for open windows
by providing alr conditienlng,

Many of the steps that would be
taken to provide noise attenuation
also help conserve energy. Good
weatherstripping around windows
and doors i5 one example, Another
might be reducing window areas in
walls If the noise source is to the
north or west, Because many of thesa
measures serve two purposes, they
shouid not necessarily be considered
a burdensome requireament but rather
just good design and construction,



Information Resources
Publications

HUD Regulation 24 CFR Part 51
Subpart B - Noisg Abatement and
Control.

Noise Assessment Guidelines,
HUD 1983, baslc technlcal procedural
resource,

Alreraft Noise Impact, HUD 1972, a
blt dated but good overview of
problem.

The Audible Landscape, DOT
(FHWA} 1974, an axcellent discusson
of mitigation measures [nciuding land
use planning and building design and
construction.

Information on Levals of
Environmental Noise Requisite to
Protect Public health and Wallare
With an Adequate margin of Salaty,
EPA, 1874, The "|evels document”
that explains basls for EPA
standards.

Noise Barrlar Design Handbook,
Faderal Highway Adminlstration
1976, Good discussion of barrlers,
technical but readable,

Handbook of Noise Control, 2nd
adition, 1979, McGraw HIIl. A basic
technlcal handbook covering all
aspects of noise for those who wish
to go Into the subject further.

Experts

HUD environmental officars have
been trained In the use of the Noise
Assessment Guidelines and can help
you work with them, Many architects
ara trained In acoustics and can help
in developmant of nolse attenuation
stratagies.

Quiz
Questions

1. Why is nolse considered
“unwanted sound"?

2, What Is acommunity nolse
problem?

3. What are the thres main
contributors 10 a community nolse
problem?

4. What are the three components of
a nolse problem?

§. What are two key characterlstics
of the day-night average sound lavel
descriptor system?

6. What are HUD's noise standards?

7. How do HUD's standards apply to
CDBG reclpients?

8. What are the thresa general
mitigation measures available to HUD
and the community and In what order
of preference?

9, When are harrlars effective and
whan are they not effective?

10, Daescribe how the Noise
Assessment Guidelines can be used
to determine appropriate mitigation
measures,

Quiz

Answers
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Chapter2
The Noise Regulation

Introduction

The basic foundatlon for and
structure of the HUD nolse program [s
set out inthe nolse regulation, 24 CFR
518, The regulation establishes the
actual standards, assigns
implementation responsibllities,
descrlbes review and approval
procedures, and Identifles speclal
situations which may warrant waivers
of procedures or standards,

Therefore, the key to your
understandlng and imptementation of
the HUD nolse program Is a clear
understanding of the regulation.

Thers Is no way to ascape the task
of sitting down and simply reading the
reguiations, over and over untll you
thoroughly understand thern. We have
however dona two things that will
help you apply theregulations. First,
for quick raference, wa have preparad
allst of the key sections in the
regulatlon and second wa have
prepared an annotated copy of the
regulation.

The list of key sections was
prepared to help you find the speclfic
section you need for a specific
questlon or issue, While the
reguiation itself Is not really long, an
index Is always useful, We cautlon
you, however, agalnst using the Index
o avold learning the regulations. The
list was preparad for your
convenlence In applying the
regulation once you have come {0
understand it

Woe prepared the annotated
regulation because, try as we might, it
was Impossible to antlclpate all the
guestions, implemeantation problems
and special situations that might
arlse and to address them In the
regulation. So, now that we have had a
few years' experience with the
regulation, we have gathered together
the Impertant questions, nates,
second thoughts ete, and prepared
this annofated regulation. We hopa it
wili glve you further Inslght into what
the ragulation means whan [t is
applied In the field,

Key Sections in Nolse

Regulation

Section Subject

51,101(a){(2) Application of Palicy
o Block Grants

51,10%a}3)  Policy for New
Construction

51.101(a}4)  Policy for Existing
Gonstruction

51,101(a¥5)  Policy for Moderniza-
tion and

Rahabllltatlon
The Exterior Nolse

51,101(a){B)
oal
The [nterfor Noise

51.101(a}9)

Goal

51.102(a} Authorlty to Approve
Projects

51.103(a) Identification of DNL
as The Noise
Descriptor to be Used

51,103{k) How to Measure Loud
Impulsive Nolses

51.103!::; The Nolse Standards

51.104(a, Attenuatfon
Requiraments
Discussed

51104(b)1)  Speclal Approval and

Environmantal Review
Requirements for the
Normally
Unacceptable Zone
Speclal Approval and
Environmental Review
Requiraments for the
Unaccsptable zone
FlexIbllity for Non-
acoustic Beneflts
Provisions

How to Tell If

Existing Data on
Noise Are Agcaptable
Spaciflc Raview and
Approval Procedures
For Alrport Noise
Contours

When Nolse
Meaasurements Ma

be Used Instead o
Calculated Levels
When to Glve Credit
for Proposed Barriers

51.104(b)(2)

51.105(a)
51.106(a)

51, 106{(a)(#)

51,106(d)

51.106(f)

AR s s



Federal Roglstor / Val, 44, No. 235/
Thursday, July 12, 1978/
Rules and Regulations 40861

Part 51— Environmental Criteria
and Standards

Subpart A—General Provisions

Sec.

£51.1 Purpose.

§51.2 Authority,

§51.3 Responasibllities.

§51.4 Program coverage.

§51.5 Coordination with environ-
mental clearance requirements,
§51.6 [Reserved)

Subpart B—MNoiso Abalement and
Control

§51.100 Purpose and authority,
§51.101 General policy.

§51,102 Responsi(bllilles.

§51.103 Criteria and siandards,
§51.104 Special requirements,
§51,105 Exceptions.

§51.106 Implamentation,

Appendix to Subpart B

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

Subpart B—Noise Abatement and
Control

£51,100 Purposo and authority.

(a) Purposse, The Department of
Houslng and Urban Developrnent
{inds that nolse is a mejor source of
environmental pollution which
rapresents a threat to the serenity
and quality of lite in population
centers and that noise axposura may
be a cause of adverse physiological
and psychological elfscls as well as
economic losses.

It Is the purpose of this Subpart
to:

(1) Call attention to the threat of
naise pollution;

{7} Encourage the conlrol of noise
at its source In cooperation with
other Federal departments and
agencies;

{3) Encourage land use patterns
for hausing and othar nolse sensitive
urban neads that will provide a
suitable separatlon betwaen them
and malor noise sources;

(#) Generally prohibit HUD support
for naw construction of nolse
sensitive uses on sites having
unacceptable nolse exposurs;

{5) Pravide polley on the use of
structural and other noise
au:nuat[on measurag where needed;
an

This regulation replaces
HUD Circular 1390.2,
Nolas Abatement and
Control, 1971, which is
now cancellad, along
with all instructions and
claritylng memoranda

pertaining to the
clreular.
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{6) Provide policy to guide
implementation of various HUD
programs,

(b) Authority. Speclfic autharities
for nolse abatement and control are
contalned in:

{1) The Nolse Control Act of 1972
{Pub, L. 92-574) which directs Faderal
agenclas to administer thelr programs
in ways which reduce noise pollution.

(2} The Qulet Communitles Act of
1978 (Pub, L. 95-609) which amended
Pub. L, 92-574,

(3) The General Services
Administration, Federal Management
Circular 75-2; Compalible Land Uses
at Federal Alrfiglds prescribes the
Executlve Branch's general policy
with respect to achieving compatible
land uses on either public or privately
owned property at or In the viclnity of
Federat alrflelds.

(4) Sectlon 1113 of the Housing
and Urban Development Act of 1965
{Pub. L.89-117) directs the Secratary
“v #+ * {o determine feasible methods
of reducing the economic loss and
hardships suffered by homeowners as
arasull of the depreciation In the
value of their properties following tha
construction of airporis [n the vienity
of their homes, Including a study ol
feasible methods of insulating such
hornes from the nolse of alrcraft.”

§51.101 Gonaral policy.

(a) {Is HUD's generai policy 1o
provide minkmum national standards
applicable to HUD programs to
protect citizens agalnst excesslve
nolse in thelr communities and places
of resldence.

{1} Comprehensive planning assist-
ance, HUD requires that grantees
give adequate consideration tonolse
axposures and sourcas of noise as an
integral part of the urban environmant
in HUD assisted comprehansive plan-
ning, as follows:

{) Particular emphasis shall be
placed on the Importance of
compatlble land use planning In
relation to airpoits, highways and
other sources of high nolse.

{il) Applicants shall lake Into
conslderation HUD environmental
standards Impacting the use of land
as required in 24 CFR Part 600.

{lll} Environmental studies,
Including noise assessments, are
allowable costs,

(2) Community Development Block
Grants, Reclplents of community
developmenl block granis under {he
Housing and Community
Development Act of 1974 (Pub. L.
93-383), as amended by tha Housing
and Community Development Act of
1977 (Pub. L, 95-128), must take Into



consideration the nolse criterla and
standards in the anvironmental raview
process and consider amellorative
actions when nolse sensitive land
devslopment Is proposed In noise
exposed areas. Grant reciplents shall
addross deviatlons from the stand-
arus tn lheir environmenlal reviews as
required in 24 CFR Part 58,

Where COBG activ|ties are planned
in a nolsy area, and HUD asslstance Is
contemplated later for housing andfor
other noise sensltive activities, the
CDBG grantee risks denlal of the HUD
aasistance uniess the HUD standards
are met. Environmeantal studles,
Including noise assessmentis, are
allowable costs,

(3) HUD support for new
construction, HUD assistance for the
construction of new noise sensitive
uses 18 prohibited generally for
projects with Unacceptable nolse
exposures and Is discouraged for
projects with Normally Unacceptable
nolse exposure. {Standards of accept-
abllity are contalned in §51.103{c}.)
This policy applies to all HUD
programs providing assistance,
subsldy ar insurance for housing,
college housing, mobile home parks,
nursing homes, hospitals, and all
programs providing assistance or
insurance for land development, new
communities, redevelopment or any
other provision of facllities and serv-
[ces which are directed to make tand
avallable for housing or noise
sansitive development, The polley
does not apply to research
demonstration profects which do nol
rasult in new construction or
reconstruction, flood Insurance,
interstate land sales reglstration, or
any actlon or emergency assistance
under disaster assistance programs
which are provided to save lives,
protect property, protect public health
and safsty, remove debris and
wreckage, or assistance provided that
has the effact of restoring facllities
substantially as they existed prior to
the disaster,

The old deflniticn of
malor or substantial
rehabilitation and
modernization as belng
any project where cost is
75% or more of replace-
ment cost no longer
applles. Now the cilteria
contalngad in indlvidual
pregram guidance
applies.

{4} HUD support forexisting
construction, Noise exposure by
ltself will not result in the denlal of
HUD support for the resale and
purchase of otherwlse acceptable
existing bulidings. However,
environmental noise is a marketability
factor which HUD wll| consider in
determining the amount of insurance
or other assistance that may be given,

Existing construction
means units whichare
elther mora than 1 year
old or for which this is
the second or
subsequent purchaser.

"

{5y HUD support of modernization
and rehabilitation, Formodernization
projects located in all noise exposed
areas, HUD shall encourage nolse
attenuation featuras in alterations,
For major or subslantial rehabilitation
projects In the Normally
Unacueplabie and Unacceplable
noise zones, HUD actlvely shall sesk
tohave project sponsors incorporate
nolse atienuation features, glven the
extent of the rehabllitation belng
undertaken and the level of exterior
noise exposura. In Unacceptable
nolse zones, HUD shall strongly
encourage conversion of nolse-
exposed sites to land uses
compatible with the high nolse levels.

{6) Research, gquidance and
publications, HUD shall maintain a
continulng program dasigned to
provide new knowledge of noisa
abatement and contral to public and
private bodles, to devalop Improved
mathods for anticlpating noise
encroachment, to davelop nolse
abaterment measures through fand
usa and bullding construction
practlces, and to foster better
understanding of the consequences
of nolsae, It shall be HUD's palicy to
Issue guldance documents
perlodically to assist HUD personnel
in assigning an acceptability category
to projects In accordance with nolse
exposure standards, |n evaluating
noise attenuation measures, and in
advlsing local agencies about nolss
abatement strategies. The guidance
documents shall be updated
perlodically in accordance with
advances in lhe state-ol-the-art.

{(7) Construction equipment,
buitding equipment and
appiiances. HUD shall encourage the
usa of quleter constructlon
equipment and methaods in population
centers, the use of quieter equipment
and appllances In bulldings, and the
use of appropriate nolse abatement
techniques in the design of
residential structures with potentfal
noise problams,



(8) Exterior noise goals, Itisa
HUD goal that exterlor noise lavels do
nat exceed a day-night average sound
level of 55 declbels. This level Is
recommended by the Environmental
Protection Agency as a goal for
outdcors in rasldentlal areas. The
levels recommended by EPA ara not
standards and do not take into
account cosl or feaslhillly, For the
purposes of this regulation and to
mael ather program objectives, sites
with a day-night average sound Jeve|
of 65 and below are acceptable and
are allowable (see Standards In
§51.103(c)).

(9) Interlor noise goals, itiza HUD
goal that the Interlor auditory
environment shall not exceed a day-
night average sound lavel of 45
dacibels. Attenuation measures to
maest these Interior goals shali be
employed where feasible. Emphaslg
shall be glven to nolse sensitive
interior spaces such as bedrooms,
Minimum attenuation requirements
are prescribed in §51.104(a),

{10} Acoustical privacy in
muttitamily buildings, HUD shali
require the use of bullding design and
acoustical treatment to afford
acoustical privacy In multifamily
buildings pursuant to requiremants of
the Minimum Property Standards,

§51.102 Roaponaibilities,

(a) Authorlty to approve
projects. (1) Decisions on proposed
projacts with acceptabla nolse
expasures shall be defagated to the
program personnel within teld
offices, Including projects where
Increased notse levels are considered
acceplahle because of nop-acoustic
benefits under §51.105(a). Field office
praogram personnel may also approva
prolects [n normally unacceptable
noise exposed areas where adequate
sound attenuation [s provided and
where the project does not require an
Envirenmental Impact Statemaent
under §51,104(b),

{(2) Other appravals in hormally
unacceptabla noise exposed areas
require the concurrence of the
Raglonal Administrator,

{3} Requasts for approvals of
projects or porllons of projects with
unacceptable noise exposures shajl
ba raferred through the Reglonal
Office to the Assistant Sacretary for
Community Planning and
Davelopment for approval pursuant to
§51.104(b).

Tha Nalse Control Act of
1972 raquired EPA to
"publish informatlon on
the levels of
environhmental

nolse. . .which, . .are
requisite to protact the
public health and welfare
with an adequate margin
of safety.” EPA has
interpreted this to mean
that the |evels should not
reflect technical
teasibl(ity or economig
costs, "Health and
welfara" |s deflned as
belng "complete
physical, mantal and
social well-being and not
mersly the absence of
disease and infirmity,"”
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{4} In cases where the Aeglonal
Adminlstrator determines that an
Important precedent or Issue is
Involved, such cases shall be rafarred
with recommendations fo the
Ass|stant Secretary for Community
Ptanning and Development,

(b) Surveittance of noise problam
areas. Approprlate fleld staff shall
malntaln survelliance of potential
noise problem areas and advise local
officlals, developers, and planning
groups of the unacceptabllity of sltes
because of nolse exposure at the
earliest possible time in the daclslon
process. Evary attempt shall be made
ta insure thal applicants’ site cholces
are consistent with the pollcy and
standards contained herain,

(c} Notlce to applicants, Atthe
eariiest poss(ble stage, HUD program
admin|strators shall;

{1} Datermine the suilability of the
acoustical environment of praposed
projects;

(2} Notifyapplicants of any advarse
or questionable situations; and

(3} Assure that prospective
appiicants are apprisad of the stangd-
ards containad hereain so that future
slte cholces wll| ba conslstent with
these standards,

{d) Technical assistance, Tachnical
asslstance in the measurement,
estimation, Interpretation, or
prediction of nolse exposure is
available from the Offlce of
Community Planning and
Development and the Office of Palicy
Davelopment and Rasearch. Flald
offlce questions shall be forwarded
through the Reglonal Office to the
Asslstant Secretary for Community
Planning and Development or his
des|gnea.

(a} Interdepartmentat
coordination, Regional
Adminigtrators shall foster
appropriate coordination batwean
fiald offlces and other depariments
and agencles, particutarly the
Environmendal Protection Agency, tha
Department of Transportation,
Depariment of Defense
repragentatives, and the Veterans
Adminlstration, HUD staff shall utllize
the acceptability standards in
commentlng on the prospactive
impacis of transportation facilitles
and other nolse generators In the
Environmental Impact Staterent
revlew procass,
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§51,103 Crlterla and standards.

Thess standards apply to all
pragrams as indlcated In §61.101.

{8) Measure of external noise
environments. The magnitude of the
external noise environmant at a slte is
detarmined by the value of the day-
right average sound level produced
aa the result of the accumulation of
nolse from all sources contrlbuting to
the external noise environment al the
site, Day-night average sound level,
abbreviated as DNL and symbolized
as Lap, Is the 24-hour average sound
leval, in decibels, obtalned after
addition of 10 decibels to sound
levels [n the night from 10 p.m, to 7
a.m, Mathemallcal exprasslons for
average sound level and day-night
average sound level are stated in the
Appendix,

by Loud Impulsive sounds. Onan
Interim basls, when loud impulsive
sounds, such as explosiens or sonie
hooms, are experienced ai a sile, the
day-night average sound lavel
produced by the loud Impulsive
sounds alone shall have B declbels
added to it inassessing the
acceptabllity of the site (see
Appendix), Allarnatively, the C-
weighted day-night average sound
level {Legn) may be used without the 8
decibel additlon, as Indicated in
Sectlon 51.106{a)(3).

Site Acceptability Standards

Methods for assessing the
contributlon of loud Impulsive sounds
to day-night average sound level at a
site and mathaemat|cal expressions
for determining whether a sound Is
classed as *loud impulsive" are
provided In the Appendix,

(¢} Exlerior standards, The degres
of acceptabltity of the noise
environment at a slte is determined by
the sound levels external to buildings
or other facilities containing nolse
sensltive uses, The standards shall
usually apply at a location 2 meters
(6.5 feat) from the building housing
noise sensitive activities [n the
diraction of the predominant noise
source, Whare the building location is
undstermined, the standards shall
apply 2 meters (6.5 feet) from the
bullding setback line nearest o the
predominant nolse source. The
standards shall alsoc apply at other
locations where It is determined that
qulet outdoor space Is requlred in an
areaanclllary to the principal use on
tha site.

The nolse environmant insfde a
building Is considered acceptable If
{a) the nolse environment axternal to
the bullding complies with these
standards, and (b) the buflding is
constructed In a manner comman to
tha area or, if of uncormmon
constructlon, has at |east the
aquivalent noise attenuaticn
character|stlcs,

Day-night average sound

lavel {in decibels}

Speclal
approvals and
requirements

Acceptable
Normally Unacceptable

Unacceptable

Above 75 dB

Not exceeding 65 dB(1) __Nans
Above 65 dB but not
exceading 75dB

Special
Approvals (2)
Environmentat
Review (3)
Altenuation (4)
Speclal
Approvals (2)
Environmental
Review (3)
Attenuatlon (5)

Notes.—{1} Acceptable threshold may be shifted te 70 dB In speclal
circumstances purauant to Section 51,105(a)

{2) See Section 51,104ib) for requirements.

(3) See Sectlon 51.104(bj for requirements,

{4) 5 dB additional attenuation required for sites above 85 dB but nol
axceading 70 d8 and 10 dB adtiltional attenuation required for sites above 70
dB but not exceeding 75 dB, {(See Section 51.104(a).)

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

CPD for approval on a casa-hy-case basis,
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This Is hecause the
revarberat|on effect of
sound waves hlliing the
wall will Increase the
nolsa levels at the site,
You won't pick thls up
unless you back off from
the wall to measure.



Berms and barriers are
our first cholce becauss
they provide protection
for yards, ptaygrounds,
ate. Since ouidoor
activity Is often very
Important to residents
wa want to protect the
outdoor areas as much
as possible.

By definitlon a barrler
must be separate from
the buliding or area it 15
providing attenuation
tar, Alter all barriers are
preferred because they
improva exterior as well
as tnterlor Jeveis. Non-
nolse sensitive bulldings
can, hawever, be used
as barrlers for noise
sensitive buildings or
exterior areas.

§51.104 Special raquiroments,

(a} Noise attenuation. Nolse
attenuation measures are those
required in addition to attenuation
provided by buildings as commonly
constructed in the area, and
requiring open windows for
ventilation. Maasures that reduce
external nolse at & site shall be used
wherever practicabie in preference to
the Incorporation of additlonal nolse
attenuation in buildings. Bullding
designs and censtruction techniques
that pravide more noise aitenuatlon
than typlcal construction may be
employed also to meet the nolse
attenuation requirements.

{1} Normally Unacceptable noise
zope. Approvals in this zene raquire
a minjmum of 5 decibels addit/onal
sound aftenuation for buildings
having noise-sensitive usas if the
day-nlght average sound level is
greater than 65 decibeis bul does
not exceed 70 declbels, or a
minimum of 10 declbels of
addltional sound attenuation If the
day-night average sound level is
greater than 70 degibeis but does
not excead 75 decibels.

(2) Unacceptable nofse
zona, Nolse attenuation measures
require the approval of the Assistant
Sacretary for Community Planning
and Development (See §51.104(b)(2).)

(b) Special Approvals and
Environmental Review
Requirements, Environmeantal
clearances shall be conducted
pursuant to the requirements of
HUD's Departmental Pollcles,
Responsibliities and Procedures for
Protection and Enhancement of
Environmental Quality {38 FR 19182
as amended) or other environmental
regulations which may be Issued by
the Dapariment, The Special
Clearance and Environmental impact
Statement {EIS} thrashold
requirerments are hereby modifled for
ali projects proposed in the Normally
Unagceptable and Unaccaptable
noise exposure zones as follows:

(1} Normally Unacceptable nolse
zone. (I} Al projects locatedin the
Normalty Unacceptahle Nolse Zone
require a Special Environmental
Clearance exceapt an EIS Is required
for a proposed project located Ina
largely undeveloped area, or whera
the HUD action Is |Ikely to encourage
the establishment of iIncompatible
land use in {his noise zone,
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Assumption [s that
standard construction
pravides an average of
20 Lyn allenuation. At 85
Lgpn OF below this
amount of attenuation
would be sutficient to
mesl interlor ievel of 45
Lgn Additional
requiremenls are
deslgned to meet this
goal even when aexterlor
noise levels are higher.

Subsiituie
Enviranmental
Assessment (with ECO
concurience) whereves
you see Special
Clearance,
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() When an EIS is requlred, the
concurrence of the Reglonal
Administrator is also required before
a project can be approved, Far the
purposes of this paragraph, an area
will be censidared as largely
undeveloped untess the area withina
2.mile radius of the project boundary
is more than 50 percent developed for
urban uses and infrastructure
{particularly water and sewers) ls
avatiabia and has capacity to semve
tha project.

(il Allother projects in the
Normally Unacceplable zone require a
Speclal Environmental Clearance,
axcep! where an EIS is requiret for
other reasons pursuant to HUD
shvironmantal poticies.

(2) Unacceptable noise zone. An
£1S s required prior 1o the approval of
projects with unacceptable nolse
axposure. Projects In or partially in an
Unacceptable Noise Zone shall be
submitted through the Reglonal
Administrator o the Assistant
Secratary for Community Planning
and Development for appraval. The
Assistant Segrelary may waive the
EIS requirermnent In cases where nolse
is the oniy anvironmental Issus and
no outdeor sensitive activity wlll take
place on the site. In such cases, a
Special Environmenta) Clearanca is
regquired,

§51.905 Excoptions.

(a) Flexibitity for non-acoustic
benelits, Where Il Is determined that
program objectlves cannot ba
achieved an sites meeting the
acceptabillity standard of 65 dectbals,
the Acceptable 2one may be shifted
to Ly, 70 on a case-by-case basis |iall
tha following conditions are satisfled:

(1} The project does not requlie an
Environmental impact Statemant
under provisions of section 104(b){1}
and noise js the only environmental
1ssu8,

{2) The project has received a
Spocial Environmantal Clearance and
has recelved tha concurrence of the
Environmental Glearance Officer.

(3) The project meets other
program goals to provide housing in
proximity to employment, public
faciiitles and transportation.

{4) The project is In conformance
with focal goals and maintains the
character of the neighborhood.

{5) Tne project sponsor has set
forth reasons, acceptabie to HUD, as
to why the noise attenuation
measuras that would nermally be
required for new construction in the
Ly, 8510 Lgy 70 Zone cannot be met,

When thaarea ln
question[s inasmall
community outslde an
SMSA and the
application of the 2mlle
radius rule would be
unreasanable, an area
can he considarad largatly
aavelopedif itis
contiguous to existing
devalopment and
infrastructure Is available
and has capacity to serve
the project, The Assistant
Sacratary wlll review
them on a case-by-case
pasls. In all other cases
the 2 mile radlus{50%
rule still applies.

Caution—every eflart
should be made {0 get
official
contours—particularly
for miltary Instaflations
and largsair carrier
alrports rather than trylng
touse the Nofse
Assessment Guidelings.

What this really means|s
ihat the Sdb atishuation
requirement for the 65-70
Lgn zoNa I3 walved.
Primarily intended for
urban areas wherg
alternalive sites are nol
available, Note that aif
conditions must be met.

These requiremants ara
vary important, Be careful
with design hour values.
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(5} Other sltes which are not
exposed 10 Noise above Ly, 65 and
which meet program abjectlves ara
generally not avaiiabie.

The above factors shall b
documented and made part of the
project fiie,

§51.106 Implemantation,

{a) Use of available data, HUD fleld
stalf shall make maximum use of
nolse data preparad by others when
such data are determinad to be
current and adequately projected into
the future and are In {erms of the
ollowing:

{1\ Sitesin the viciaity of
agirports. The nolse environment
around airports is dascribed
sometimes in terms of Nolse
Exposure Forecasts, abbrevialed as
NEF or,in the State of California, as
Communlty Nolse Equivalent Level,
abbraviated as CNEL. The nolse
enviranment for sites In the vicinlty of
airports for which day-night average
sound level data are not avallable may
ba evaluated from NEF or CNEL
analyses using the following
canversions to DNL:

DML =NEF + 35
DNL=CNEL

(2} Sites in the vicinity of
highways. Highway projects
recelving Federal aid ara sublect to
nolss analyses under the procedures
of the Federal Highway
Administratlon.

Where such analyses are avallable
they may be used to assess siles
subjact to the requirements of this
standard, The Federal Highway
Administration smploys two aliernate
sound leve! descriptors: {a) The A-
walghted sound lavel not exceeded
more than 10 percent of the time for
the highway design hour tratlic flow,
symbolizad as L,,; or (b} the equivalent
sound level for the design hour,
symbolizad as Lgq. The day-night
average sound level may be estimaled
from the deslign hour L, or Lgq valugs
by the faltowing relatlonships,
provided heavy trucks do not exceed
10 percent of the total traffic flow In
vehicles per 24 hours and the traffic
flow batwesn 10 p.m. and 7 a.m, doas
not exceed 15 percent of the average
dally traiflc flow in vehlicles per 24
hours:

DNL=L,, (design hour)—3 declbels
DNL=L,, (deslgn houn) declbels

Whare the auto/truck mix and time
of day ralationships as stated In this
Section do not exist, the HUD Noise
Assessment Guldelines or other
noise analysis shall be used.



{3) Sites in the vicinity of
instaflations produsing loud
impulsive sounds, Certain
Department of Defense Inctatlations
produce loud impulsive sounids from
artillery flring and homblng practice
ranges, Nolse analyses for these
facilitles sometimes ancompass sites
that may be subject tothe
raquirements of this standard. Where
such analyses ara avallable they may
be used on an Interim basis to
astablish the acceptability of sites
under this standard,

The Department of Detense uses
day-night average sound level based
an C-welghted sound level,
symbollzed Lggn, for the analysis of
loud impulsive sounda, Where such
analyses are provided, the 8 declbel
addltlon specifled [n 51,103(h), is not
required, and the same numerlcal
values of day-night average sound
lavel used on an interim basis to
determine site sultabliity for non-
impulsive sounds apply to the Ledn.

(4 Use of areawide acoustical
data. HUD encourages the
preparation and use of areawlde
acoustical Information, such as nolse
contours for alrports, Where such
new of ravlsed contours becoma
available for alrporis (clvil or mllitary)
and mliitary Installations they shall
flrst be referred to the Reglonal Oflice
{Environmental Clearance Offlcer) for
raview, evaluation and decision on
appropriateness faruse by HUD. The
Regional Office shall submit ravised
contours to the Assistant Secretary of
Communlty Ptanning and
bevelopment for reviaw, evaluation
and declson whenever the area
affacted is changed by 20 percent or
more, of whenaver |t is determined
that the new contours will have a
significant eflect on HUD programs,
or whensver the contours are not
provided In a methodalogy acceptable
under §51.106(a)(1} or In other cases
whera the Raglonal Offlce detarmines
that Headquarters raview [s
warranted. For other areawide
acoustical data, review Is required
only whare existing areawlde dala are
belng utlllzed and where such data
have been changed to reflect changes
in the measurement methodalogy or

underlying holse source assumptions,

Contours for fulure noise
levals based on new
canstructlon, mission
changes etc. which
becoma available as part
of the Environmantal
Impact Statement
process shall not be used
until the NEPA process Is
complete and adeclsion
on the proposed actlon s
mads.

When new or revised
conltours are approved,
make sure all interested
people in local area are
Informed that HUD will
ba using different
contours. Make a special
effort to Inform tha most
active developers in area
of davelopers who have
worked with HUD before,

This is also requlred for
noise studles for deval-
opers by consultants,
whether to provide
original data, or to
contest existingdatacra
HUD analysis, Itis
particularly important to
make sura the same
trafflc, vehlcls or
operaticnal data were
used for each study,
when one study is belng
contested.
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Requests for determination on usage
of new or revised areawide data shall
Include the followlng:

{i) Maps showlng old, If applicabla,
and new noise contours, along with
briet description of data source and
methodology.

(i)} impacl onedlsting and
praspective urbanized areas and on
developmant activity,

{I}y Impact on HUD-assisted
prajects currently In processing.

{iv) Impact on future HUD program
activity, Where a fleld ofilce has
determined that immediate approval
of new areawide clata |s necessary
and warranted In lImited geographic
areas, 1he request for approvat should
state the circumnstances warranting
such approval, Actlons on proposed
profects shall not be undertaken while
new areawlde nolse data are belng
considered for HUD use except whera
the proposed location 1s affected In
the same manner under both the old
and new noise data,

(b) Site assessments, Compllance
with the standards conlained In
§51.103(c) shall, where necassary, be
determined using nolse assessmant
guldelines, handboaks, technical
documents and proceduras issued by
the Department.

{c} Variationsin site nolse
Jevels. Inmany Instances the noise
environment will vary across a sile,
with portlans of the site being Inan
Acceptable noise environment and
ather portions in a Normally
Unacceptable noise environment. The
standards In §51.103(c} shali apply to
the portions of a bulldlng or bulldings
used for resldentlal purposes and for
ancltliary nolse sensitlve open spaces.

(d) Noise measurements. Where
nolse assessments result in a finding
that the slteis borderline or
questionable, oris controversial,
noise measurements may be
performed, Whera It |s determined
that noise measurements are
required, such measurements wiil be
conducted In accordance with
methods and measurement crlteria
estahlished by the Department.
Locations for nolse measurements
will depend on the lacation of noise
sensitive uses that are nearest to the
predominant noise source {see
§51,103(c)).
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This provision should be
used with caution, Very
¢lear and sirong assur-
ances that berms or
barriers wlll be con-
structed should ba
obtalned in writing before
approval.

Agailn also note that by
definition abarrier must
be physically separate
from the bullding or area
I't is providing attenuaticn
or.

The Noise Assessmeant
Guldelines contaln
procedures for evaluating
barrier etfectiveness,

1 070
Ln= 101000 | Has0 [/oaoo
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(&) Projections ol noise expasure,
In addltlon to assessing existing
exposure, future conditions should be
projecied, Tothe extent possible,
noise exposure shall be projected (o
be representatlve of conditlons that
are expecied to exist at a time at least
10 years beyond the date of the
prolact or actlon under raview.

(i Reduction of site nolse by use o}
berms andor barrlers, If it Is deter-
mined by adequate analysis that a
berm and/or barler will reduce nolse
at a housing slte, and if the barrleris
exIsting or there are assurances that
it will be in place prior to aceupancy,
the envlironmental nolse analysls for
the slte may reflect the benafits
afforded by the berm and/or bartiar,

In the environmental raview
process under §51,104{b), the location
helght and dasign of the berm and/or
barrler shall be evaluated to deter
mine its effectiveness, and impact on
deslgn and aesthetic quallty,
circulatlon and other environmental
tactors,

Appendix 1o Subpart B—dofinition of
acoustical quantities

1. Sound Level, The quantity in
daclbels measured with an
instrument satisfying requiremenis of
American Nalional Standard
Speclfication for Type 1 Sound Level
Meters 51.4-1971, Fast time-
averaging and A-frequency welghting
ara to be used, unless others are
speclfied, The sound level meter with
the A-welghting Is progressively less
sansillve to sounds of frequency
below 1,000 hertz (cycles per second),
somewhat as is tha ear. With fast time
averaging the sound level meter
responds partlCularly to racant
sounts almost as qulckly as does the
earin judging the loudness of a
sound.

(2) Average Sound Level. Average
sound level, in decibels, |3 the level of
the mean-square A-weighted sound
pressure during the stated time
perlod, with reference to the square of
the standard refarence sound
pressure of 20 micropascals.

2400
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When projections for
alrports are based on naw
construstion or similar
actlons the likelihood
that such majar actlen
will actually take place
should be carefully
evatuated, Thiais
particularly important if
local funding I8 required,
Check to sealf initial
actlons such as tand
purchases, bonds ete.
been taken. If projections
ara just basaed on
axpanded traffic levels
make sure thay are
reasonable for the area.
Projections forsmaller
communities are often
overly optimistic.

10 IL+10010




Time t is In seconds, so the limits
shown In hours and minutes are
actually Interpreted In seconds, La(l)
I the time varylng value of A-
weighted sound level, the quantity In
decibels measured by an instrument
salisfying requirements of Amerfcan
Natlonal Standard Specification for
Type 1 Sound Level Meters
$1.4-1971.

3. Loud Impulsive Sounds. When
loud impulsive sounds such as sonlc
booms or explosions are anticipated
contributors to the nolse environmant
at a slte, the contribution to day-night
average sound level produced by the
loud impulsive sounds shall hava 8
declbels added to it in assessing the
acceptabllity of a site,

A loud impulsive sound is defined
for the purpose of this regulation as
one for which;

(i} The sound [s definable as a
discrata event wherein the sound lavel
increases to a maximum and then
decreases In a total time interval of
approximately one second or |ess to
the ambient background level that
axists without the sound; and

(i) The maximum sound lavel
(obtalned with slow averaging time
and A-welghting of a Type 1 sound
level meter whose characteristics
comply with ANSI §1.4-1971) exceeds
the sound laval prlorto the onset of
the event by at ieast 6 decibels; and

(liy The maximum sound level
obtained with fast averaging time of a
sound lavel meter exceeds the
maximum value obtained with slow
averaging time by at teast 4 daclbels.

lasued at Washington, D.C,, on July
5,1979.

Patrlcla Roberts Harris,

Secretary of Housing and Urban
Development,

[FR Dog, 79-21481 Flled 7-11-79,8:45

am)

BILLING CODE 4210-01-11

Quiz on the Noise Regulations
Questions

1, What is the HUD policy on
support for ex(sting constructon In
high noise areas?

2. What Is the definltion of “malor or
substantial rehabllitation"?

3. What Is HUD's interlor noise
goal?

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

5. Who approves projects in the
Unacceptable Zone?

6. Whalt noise descriptor Is usad to
express nolse levels In tha
regulation?

7. How areloud impulsive sounds to
be evaluated?

8. Atwhat point ona building's
axterlor arp sound levels fo be
determined?

9. What is the bas|c assumptlen
behind the attenuation levels
raquirad?

10, What type of attenuation
measures are praferred?

11, When should building attenuatlon
measures be considered?

12. When are E|S's required?

13. When [s an area consldered
"largely undeveloped'?

14. What is "Flexibliity for Non-
Acoustlc Beneflts™?

16, Six condltions are listed for
walving the attenuation requirement
under the Flexibility for Non-Acoustic
Benefits provislon, how many must be
met for the waiver to be granted?

16. Who has the authority to grant the
attenuation requirements waivar
under the "flexIbliity” provision?

17. What nolse descriptors other than
DNL are acceptabie for aircraft noise
contours?

18. Who normally approves areawlde
noise data such as alrport noise
contours?

19. If a slte s partially In the
Unacceptable Zone and parttally In

the Normally Unacceptable Zone,
which review and approval procedures
apply?

20, When should noise
measurements be used inlleu of
areawide dalaor Nolse Assessment
Guldelines calculatlons?

Quiz on the Nolse Regulations

Answers
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Chapter3

Major Policy and
Implementation Questions
Related to the Nolse
Regulation

As regulations are applied [n the field,
It is Inevitable that questions will
arise, 1t is, after all, very difflcult to
anticipate every situation when
preparing a regulation. Sometimes
the questlons refate to speclfic and
unique sltuations of limited Interesl
to anyone but the office involved.
Other quastions, however, ralse
Issues of more general concern. In
this sectlon we have brought together
the most Important and most relavant
questions that have arisen since the
noise regulation went into effect in
August of 1979, Wa have used a
question and answer format for your
convanience.

The followlng are the topics included:

1, Noise projections for clvil alrports
2. Definition of Infill for small towns
3, Areawlde EIS walvers

4, Requirements for modernization
and rehabilitation projects

5. Use of barms and barriers as
attenuation measuras

6. New and revised airport noise
contours

Questions and Answers

1. How valid and useful are civil
airport noise projections that show
signlilcant reductions in the amount
of land exposed ta high noise levels?
Should we be suspicious?

Contours that show significant
reductions In the area exposed to
high neise levels may seem
questionable, but, according o the
Environmaental Protectlon Agency,
they may be quite accurate, The EPA
does expect to sea some signlficant
reductions in the number of people
exposed to high lavels of aircralt
nolse over tha next 15 years. In thelr
repecrt Aviation Noise: The Next
Twenty years, EPA stated that they
expected to see the number of peopla
axposed to [evels of 65 {.dn or greater
to drop from a 1975 figure of 5,550,000
to about 2,650,000 In tha year2000.
Much of this raduction would acgur
durlng the period 1980-1985 with
more modest degreases thereafter,
The reduclions are expected to result
from the Federal Avlation
Administration’s currant noise
certification requirements, even with
up to 100% increases in aircraft
operations, (Current certification
requirements are for all new aircraft
to achleve stage three noise lavels
and all older alrcraft to achieve stage
two fevels by 1985, Progress has been
good in meeting these requirements.)

Ingeneral then, you should not be
surprised to see significant
reductions in conlour size if the
followlng condltions are met:

s tho decrease In size is no meora than
50%;

» the Increase in operatlons (s no
more than 100%; and

» FARstage 3 aircraft, suchas lthe
B757 and B767, ara included [nthe
fleet mix, but not {o the total
exclusion of afl other alreraft,
Assuming that the contours are
otherwisa tachnlcally correct,
significantly smaller contours should
be acceplable,
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2, Many small towns aren't big
enough for a project to meet the
definition of infill contained in section
51,104 (b)(1)(11). However, a project
localed In the heart of town can hardly
be consldered o bein a largely
undeveloped area. Must an EIS be
prepared?

Mot necessarily. li the |urisdiction
In which the project is located is not
part of a standard metropolltan area, a
project may he consldered {ntllif it is
wlthin or contiguous o the ajready
developed area and infrastructure
{particularly water and sewer) s
avallable and has the capacity to
sarve the project, [t must atso ba clear
that the project wlil not ancourage the
establishment of olher incompatible
land uses in the normally
unacceptabla noise zone,

I1f you believe a proect mee!s these
criteria, submit documentation tothe
Qfflce of Environment and Energy for
their review and determination.

3. What can we do toreduca the
procedural burden when, far avarlaty
of reasons, the Department expects
{0 be considering a number of
projects in an unacceptable noise
zone? Most of tha projects would
probably qualify foran EIS walver, but
how can we avoid fllling repetltive,
Individual requests?

While the number of cases wharg
the Departmant woutd be seriously
considering a number of projects
axposed to unacceptable noise lavels
in the same jurisdiction is likely to be
limited, thera is an altarnative to
individual progassing in those
sltuations. The alternatlve is toIssua
an arsawide waiver for the entlre
attected jurlsdiction, Such a walver
can beuselul when the unacceptable
noise zona heavlly Impacts a
substantially developed community
wlth limited slte alternatives. (in most
cases we would expect that the nolse
source would be alrcraft, but Invery
small towns it is possible that a
heavily used rall line couid createa
large unaccaptable noise zone.)

An areawide EIS waiver would, of
course, have to have a more delalled
enviranmantal assessment than an
Individual project request, and there
are other speclal processing steps.
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But if you have a 8ltuat!on where you
think the Department has a good
reason o expect to process a number
of projects within the unacceptable
noise zone, thera [s an alternative to
Individual EIS walvers. Contact the
Oftice of Environmeni and Energy for
detalls on how to requast the
araawide walver,

4. What exact|y are the processing
requiremants and gensrai policies for
modernlzaticn and rehabiiitation
projects? Does secton 51,104 apply to
them as well as to new construction?
The noise regulation [s a bit contusing
onthis,

Yes, the hoise regulation Is a bit
canfusing on this question. We have
seen seveal Instances whaere field
offices have mistakenly applied the
provislons of Section 51.104 to
modernization and rehabilitation
projects, We baligve that this happens
because section 51,104 is not as
clearly titled as it might have bean. it
would be better |f it read *special
requirernents for naw construction™
rather than simply “apecial
requirementa”,

‘The only parts of the regulation that
apply to modarnizationand
rehabilltation projects are sectiona
§1.101 (a)5) and the definitions of
normailly unacceptable and
unacceptable nolae zones contained
in the table in sactlon 51,103, None of
the other proessing or policy
provisions of the table or of sections
51.102 and 51.104 apply, Therefore:
= modarnlzation and rehabilitation
projects are to be processed by tha
field oftices regardiess of the nolse
zone.

a E|S's are not requirad for
modernization and rehabilitation
projects unlass mandated by other
appllcable envirenmentai regulations,

You must howevar continue to
encourage attenuation features in
modernization and rehabllitation
projects, inaccordance with the
general poilcy stated Insection
51.101(a)(5),

8, We know tha! berms and barrlars
are the prelerred type of nolse
attenuatlon bacause of the protection
thay provide for outdoor living areas,
but we need some further guldance on
when they are really the best choice.

White barrlars can ba an elfective
noise attenuation techniqua, they
must, indeed, be used with caution
and commaon sense because they can
create more problams than they solve.
Very high noise barriers can create
significant aesthetic and financial
problems relatlve to the nolse benefit
to he achlevad. Barriers can block
light, hinder natural ventilatlon, create
an unpleasant sense of being walled
in, and can be very unattractive, In
additlon, barriers do raguire
continuing malntenance and can be
very costly to bulld,

It s important to remember that the
nolsa regulation says that “measures
that reduce external noise at a site
shall be used wheravor practicablo.”
Is It practicable to propose a 20 foot
high barrier only 15 fest irom the rear
of a two-stary building? Granted it
wauld certainly protect the building
from noise, but what about the
blocked light, the reduced ventilation,
the visual impact, and the cost? The
purpose of a barrler Is primarily to
reduce the noise levels in thosa
outdoor areas that peopla use. The
secondary purposeis 1o reduce the
naead for structural attenuatlon.
Therstore, the barrier should only be
a5 high as is necessary 1o protect
those areas, Struciural atienuation
should be requirad for the parts of the
bufiding not protected by the barrier,
And I there aren't any outdoor areas
where low noise levels are important,
barrlers shouldn't be requirad unless
they would be more cost effecllve
than bullding attenuation measures.
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6. What should wa be doing once we
have processed new or revised
aircraft nolsa contours and they hava
been approved for use?

The most important thing you can
do onca new or ravised afrcraft nolse
contours have been approved for use
is to tell the people who are most
likely to be affected by tho change. I
you have a newslatter that you
regularly publish, that is one way to
get the word out, At the very least you
should speclfically notify the affected
jurisdictions and the
buildersidavelopers who are known to
be active In the vicinity of the noise
impactad arsas, Make sura you notify
bullders and developers who have
large scale projects that you have
been processing In gectlons. Go back
and chack your fites to find tham,
Even though you should have done an
averall environmental review of the
project at the time the tirst section
was submitted, the approval of
Individua! sections is dependent on
tha nolse levals at the time that
sectlon Is submitted.
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Chapter 4
Noise Attenuation

Intreducton

HUD's noise policy (24 CFR518)
clearly requires that nolse attenuatlion
measures be provided when proposed
projects are to be [ocated In high
noise areas. Tha requirements set out
in Sectlon §1,104{a) are designed to
tnsure that interior levals do not
axceed ihe 45 Ly, level established as
agoal In Sectlon 51.101(a)9). Thus, in
aifect, Il the exterlor nolse level is 65
Lan 10 70 Lgp, 25 db of nolse
atlenuation must be provided; if the
exterior nolse lavel is between 70 and
75 Lgn, then 30 db of attenuation is
required. Likewise, for projects
proposed for areas where nolss [evels
exceed 75 Ly, sufficlent attenuaton
must be provided o bring interlor
levels down {0 45 Lyp, or below,

There are three baslc ways to provide
the nolse attenuatlon required:

1. theuse of barriers or berms
2. sitedesign
3. acoustlcal construction

Of these, only the first two provide
any Improverment in tha exterior
environmeant, Because HUD conslders
a qulet exterior environment to be
important, we prefer the use of thosa
measures that raduce exterlor lavals
as wall as interler levels, The usa of
acoustical constructlon by itselfis,
therefore, the least preferred
alternatlve since It only affects the
intarior levels. While we recognize
that in many casas barrlers or site
deslgn cannot provide all the
attenuatlon necessary, you should
combine them with acoustical
construction whenever possible,

Your responslbility as a HUD staif
meamber |s to:

+ make sure the project sponsoror
developer is aware of tha attenuation
requirements for the project.

* make the sponsor awara ol the
options avallable

and

» raviaw attenuation proposals to
make sure they are adequate.

While i1 |s not your responsiblility to
provide detailed design asststance to
the sponsor or developer, you should
know encugh about the attenuation
optlons to glve him or her a basic
understanding of what must be done,
inmany cases, you may be able to
reassura the sponsor or developer
that the necessary altenuatlon can be
achleved through the use of common
construction technlgues or materials,
Or you may be able to point cut how a
simple site deslgn change can
ach|eve the dasired result without
additional cost,

The following sectlons are
designed o provide you with the
Informatlon you will need to fulfill
your responsibllities. Each
attenuation approach is discussed
both in terms of basic concepts and In
terma of what to loak forin reviewing
ailenuation proposals, The
discusslon doas assume that you
have a working khowledge of the
Noise Assessment Gujidelines. If you
have not worked with the Guidelines
before or not recently you may want to
go back and raview tham, particularly
the section on caleulating the effects
of barriers.

Barrier Noise Reduction
Concepts

(The fellowlng, with soma aditing and
with some additional graphics, |s
taken from the Federal Highway
Administration's Nofse Barrler Design
Handbook,")

When no obstacles ara present
hetween {a source] and adjeining
areas, sound travals by a direct path
from the "sources"... 10 [the)
“recelvers'..., 88 shown in Flgura 1,
Intreduction of a barrier batween the
source and receiver radistributes the
sound energy Into several {indlrect]
paths: a dilfracted path, over the top
of the barrier; a transmitted path,
through the barrier; and a reflected
path, directed away from the receiver.
These paths are alsoillustrated in
Flgure 1,

VWolse Barrier Deaign Handbook US Department ot
Transpartation, Federal Highway Adminisiration,
Fabruary 1976, (FHWA-AD-76-58),

Figura 1
Altoralion of Nolse
Paoiha by a Barrlor
Rallected
\ 7 Qi
S ~Zorey
0N A,
-~ ~ ~
e e ~
// ___—-—"— ~
Sourge P =—— — —— ——— e e Receiver
Transmilted
Source Direct Path

iy v —— —T Ratcoiver
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Barrler Diffraction and Aftenuation Figuro 2
Barrlor Diffractlon

Cansider an inflnitely long, Infinhaly
massive nolse barrier placed between
a highway and the recalver. Flgure 2
lilustrates a cross-section through
such a cenfiguration, [In] this
example, the only way that sound can
reach the receiver is by bending ovar
the top of the barrier; as shown inthe
flgure, The bending of sound wavas in
this manner over an obstacleis 9
known as dIffraction, The area in &
which difiraction acours behind the a*,
barrier Is known as the “shadow P
zone,"” The stralght path from the P
source over tha top of the barrier s
forma the boundary of this zons. -~

Alt recelvers located In the shadow -~
zone will experlence some sound
attenuation; the amount of
attenuatlon [s directly related to the
magnitude of the diffractlon angle ¢.
As ¢ Increases, the barrier attenuation
increases, The angle ¢ will Increase if
the barrier height increases, or if the
source or recelver are placed closerto  Figurod
the barrier, Claarly then the barrier g""‘ Longth 2
attenuatfon Is & function of the Ipioncod=A+8-d
geomatrical relationship between the
source, recelver, and barrler, One way
of ralating thesa parameters to the .
barrlar attenuation [s to define the 4 \
path-length difference as shown In '/ .
Figure 3. This parameter is the / \ B
difference in distance that the sound A/. ‘\

Dlifracted {bent) Path

Recelver

Z

Shadow Zone

.,

must travel in diffracting over the top
of the barrler rather than passing . N
directly through It, / .

Inthe preceding discussion it was 4 d >I
assurned that the barrler was ./ - e s s et e T
“Infinite"; .., long encugh to shield Racaiver
the recelver from all sound scurces up Source Barrl
and down the highway. For short arler
barrlers, the attenuation can be
seriously limited by the sound from
sgclions of highway beyond the
barrler's ends, which ara unshistded
from tha receiver, as shown In Figure  poung
4,5imilarly, when there ara large 9aps  Shortclreult of Barrlor Around Ends
in the barrier (to permit access, for and Through Openings
example), sound from the unshlelded
section of highway adjacent to the
gap can greatly compromise barrler
attenuation, especially for those
raceivers close to the apening.

Plan Rolad

Raad

~ N1

Accass Opening

Recelver
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Barrier Transmission

In addltion to the sound that travels
over the top of the barrier to reach the
receiver, sound can travel through the
barrier [tself, The amount of sound
“transmisslon” through the barrier
depends upon factors relating to the
barner materiai (such as ils weaigii
and stiffness), the angle of incldence
of the sound, and the frequency
spacirum of the sound. One way of
rating a material's ability to transmit
noise Is by the use of a quantity
known as the transmission loss, TL.,
The TL is relatad {o the ratio of the
Incldent noise energy to the
fransmitted noise energy.
Transmission loss values are
normally expressed in daclbels and
represent the amount nolse levels will
be reduced when the sound waves
pass through the material. The higher
the Tl value the less noise
transmitted through the material.
Typlcally, the TL value Improves with
Increasing surface weight of the
matarial,

The noise reduction provided by a
barrigr can be saveraly compromised
If the TL.value of the materlal permits
too much noise to pass through the
harrler. This is due lo the fact that
when attenuation Is a function of two
or more faclors, the nolse lavel at the
measurament point is actually the
combinatlon of tha reduced nolse
lavels resulting from each attenuation
factar. For example, with a typlcal
barrler the nolse levels are reduced by
{1} sound waves being diffracted over
the barrier and (2) sound waves
passing through the barrier, The noise
level at the recslver point is tha
combination of the attenuated lave!s
resulting from each attenuation step.
It the starting noise level is 65 db and
the noise lavel [s reduced 10 db when
the sound waves pass through the
barrler then the attenuated level
reaching the recelver |5 55 db. If the
attenuation provided by the sound
wavas being diffracted over the
barrier is also 10 db then the
attenuated level reaching the receiver
along that path Is 55 db as well, Using
the table in the Nolse Assessment
Guldelines to comblne the two
individual attenuated levels, one finds
that the combined attenuated lavel s
actually 58 db, Thus even though the
attenuatlon value of each attenuatian
stepwas 10 db, the actual reduction
for the recelveris only 7 db. It is,
howaever, a functlon of the way nolse
lavels combine that if the diffarence
batween levelsis greater than 10 db it
doas not affect the levels, As a
general rule, tharefors, if the TL value

is at least 10 dB ahove the attenuation
value resulting from diffraction over
the top of the harrler, the barrier noise
reduction wlll not be slgnificantly
afiected by transmlsslon throughthe
barrler {decreased by less than 0.5
dB), For many common materlals
used In barrler construction, suchas
cencrate and macenry blocks, TL
values are usually more than
adequate, For |ess massive materials
such as steal, aluminum and wead, Tk,
values may not be adequate,
particularly for those cases where
large attenuations are required. {See
Table 1 for a list of typical TL values,)

Even [f a barrier material 1s masslve
ancugh to pravent significant sound
transmisslon, the barrler nolse
reduction can be severely
compromised |f thera are holes or
openings in the barrier. For large
openings, sound enetgy incldent on
the barrler wlil be diractly transmitted
through the opaning to the recelver,
When the opening is small an
addItional phenomenon accurs: upon
striking the barrier wall the sound
pressure will Increase, resultingIn an
ampliflcation of the transmitted
sound to the receiver. Thus, the
prasence of openings or holes may
setlously degrade the noise reductlon
provided by clherwlse affective
barriers.

Figura &
Relioctiona from an
Opposing Barrler

Batriar Rellections

As shown In Figura 1, sound energy
can be reflected by a barrler wall, For
tha conflguration shown in that
figure, the reflecled energy doses not
affect the recelver, but may affect
recelvers located to the ieft of the
highway. Howevar tha increasa in
noige lavel for these recelvars would
helass than 3 dB, because this single
reflectlon can al most double the
sound energy. (Remembar how you
combine nolsa levels? The most you
add |s 3 dbwhan levels are the same.)

The situation Is entlraly diiferent,
hawever, when a double barrler
siluation is Involved {reter to Flgure 5).
In addition to the energy that reaches
the receiver by diffraction over the top
of the barrier, If the barrler walls are
reflective, addItional sound energy
can reach the receiver by a reflection
from the left wall as [llustrated in the
figure. The same princlples apply
when there s a vertical retalning wall
oppesite a nolse barrler; similarly,ina
desp vertlcal cul the opposite walls
wlil ereate multiple reflections.

If the batrler walls are not perfectly
reflecting but absorb some of the
sound energy, the contributon of each
reflection |s decreased by an amount
that depends upon the absorptive
characteristics of the barrler, For very
hard, reflective surfaces, the
absorption characterlstics ara very
poor. Although a sarious degradatien
in barrier performance may result for
the double barrler sltuation, use of
materlals with goad abserptlon values
will usually recover all of the lost
nolse reductlon,

Recelver
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It should bs mentioned that the use
of barrier walls with sloped sldes
(forming angles of grater than 10~-15
degreas from the vertical} will also
generally ellminate multiple
reflections. Use of earth berms Is
particuiarly appropriate to accomplish
this. Sioped bariler walls wil require
more material 1o achieve a deslred
helght than a vertlcal wall, while
berms will require greater right-ol-way
than a thin wall.

Ground Effacts

Consider agaln the direct path of
sound from the sourcae to racelver as
illustrated In Figure 1 in the absence
of any obslacles. For sources and
recelvers located close to the ground,
In addition to this direct path sound
enargy may reach the recejver by
reflecting off the ground, When the
terraln is relatively hard and tlat, such
a reflaction wiil add to the noise from
the direct path to Increase the level at
the recelver. However, when the
ground is soft, there may be a phase
reversal upon reflection such that the
nolse from the ground reffection path
will destructively Interfere with the
notse from the dlrect path resultingin
a signlficant reduction In noise levels
at the receiver,

This reduction In level, known as
ground-gffect attenuation, 13 in
excess of the 3 dB per doubling of
distance propagatlon loss foraline
source of noias and occurs only above
solt absarptive ground (such as
normal earth and most ground with
vegetation). Over hard ground {such as
concrete, stone and very hard-packed
earth) these effects do not occur,
Theae effacts are most apparent for
receivers on the ground floor, and
decrease rapldly as receiver helght
above ground [ncreases.

While ground absorption effects
are not completely undarstooad, It is
generally believed that these effects
account for the 4.5 dB per doubling of
distance propagallon (0ss observed
over soft ground, as compared to the
3 dB propagatlon loss observed over
hard ground. The implication with
regard to barrler deslgn s that
placement of a barrier aver seft
ground betweean source and recelver
will re-direct the sound over the top of
the barrier, thus destroylng the
ground reflection and the additional
1.5 dB per doubling of distance
attenuation. Thus, the barrler must be
designed to provide more reduction
than would otherwlse be nocessary,
to compensate for the lost ground
alfects over absorplive ground.

Summary
{From: Design Guide, Natlonal Bursau
of Standards?}

In summatry, the following can be sald
about nolse barriers,

+ |t abarrier does not block the llne-
oi-slght between the source and
receiver, the barriar wlit provide [litle
or na attenuation.

« |f abarrieris constructed of a
material with a surface waight density
greater than 4 |b/ft? and there are no
openings through the barrler,
transmitted sound will usualtly be
negliglble.

= |i thare are openings totaling over
10 percent or more of the barrier area,
barrler attenuation will be negligible,
» Dlffracted sound |s usually tha
most Important aspect Inestimating
barrler attenuation.

» RAeflected sound can be Important
for recelvers on the source side of a
barrier, but It normally Is not a factor
for recelvers on the side opposlte
from the source, Henca reflected
sound s usually not important to your
bulilding and site.

s Transmission of sound around the
ends of the barrier can be critical If
tha barrler Included angle is less than
170°.

+ Barrer altenuations greatar than an
A-welghted sound leve! difference of
10 dB ara difficult to abialn,

* Fortwo or more barrlers "'in
serles," consider only the “dominant”
barrler.

« Assume no atienuation fora
recelver located beyond the endof a
barrier.

Reviewing Barrier Proposals

An effectlve barrier s one which
reduces the nolse level behind the
barrler to 65 Lgq or lower. If a barrier
can reduce tha exter|or nolse level (o
65 Lgn, then standard construcilon
techniques should ba suflicient to
insure an Interlor level of 45 |gp, or
below. Therefors, if you determine
that a proposed barrier is adeguaie to
reduce the exterior noise favel to 65
Lyq then no additlonal attenuation
measures should be necessary.

'Detign Gulde lor Reducing
Transportation Nolse In and Around
Bullttings,US Department of Commerce,
National Buseau ol Standards, April 1978,
(Bullding Sclence Serios 84)
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There are four things to check when
determining the adequacy of a
proposed bariler:

1. Is ]t high enough?

2. Isitiong enough?

3. Is [t made of the right materials?
4. 1s it properly constructed?

Is it High Enough?

In arder for a barrler to be elfectiva It
must be at ieast high enough to break
the line of sight between the source
and the receiver. In the Noise
Assessment Guidelines you will find
the procedura for determining how
much attenuation |s provided by a
barrier of a given helght,

In general, barrlers and barms are
mos! effective for one and two story
buildings because a relatively low
barrier can often provide the
attenuation needed, The helght that
might be required lo provide
attenuatlen for much taller bulldings
is often not feaslble for either cost
or aesthetic reasons. Howaver, evan
If a barrler can not be made high
enough to atienuate the upper floors
of a muliistory building, it may still
be able to provide some protection
for outdoor recreatlonal areas,
Before discarding the barler Idea
check for this possibllity.

if you {ind that the barrler as
propased Is too short to be effective
but the sponsor or developer tells
you that he or she can not make the
barrler any higher, thers aré some
alternativas you can suggest, Thare
are ways to gel more attenuation out
ol each foot of overall helghi,

As a general rule, barriers work
better the closer they are to the
source. Figura 6 shows a barrier that
does not block the line of sight at all
whan it Is located next 1o the
recaiver, yat |s quite tall enough
when located next to the source,
Thus, If the sponsar or developer
can not make the barrier any taller,
perhaps he or she can mova it closer
to tha source,

Another way 10 gst more
attenuation without fncreasing
ovarall barrlar haelght Is to bend the
top of the barrler towards the
source, Flgure 7 shows a case where
a barrier built perfectly stralght
provides 8 dB of attenuatlon. A
barrier with the same overdll helght
but with a 45 degree bend lowards
the source provides 9.5 dB of
attenuation. Thus if the project
sponsor of developer wants (o keap
the overall height of the barrier
down, he or she can stlll increase
the altenuation provided simply by
bending the top.
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Thus, If your review of a proposed
barrier shows it to ba too short, but
it can not be made any higher,
suggest that tha harrler be moved
closer to tha source or that It be
bent at the top, or both,

Is It Long Enough?

Once you have established how
much attenuation the barrfer
provides due to its height, you must
delermine if the length of the barrler
compromises that attenuation level,
Again, the Noise Assessment
Guidelines contain a procedure for
calculating the effect of barrier
length.

If you find that the barrier Is too
short but that there are limitations
on how long It can be made, there
ara, as there were with barrier
helghts, some recommendatiens you
can make on how to Improve the
effectiveness of the barrfer,

Again, If you bend the edges of
the barrier, this time towards the
recaiver not the source, you will
increase the effactiveness of the
barrler, Figura 8 shows how much a
barrlet's effectiveness can be
Improved by bending the edges.

You can also improve the
effectiveness of the barrier by
moving It closer o the recelver.
Flgure 9 shows how much a barrier's
oifectlveness can be Incraased by
moving 1t closer ta the recoiver. Now
obviously, this creates a conflict
with what we sald earlier about
moving the barrier closer 10 the
source. Clearly each case will
require a different compromlse. If
haight Is not a limlting factor but
length Is, you might recommend to
the project sponsor or daveloper that
the barrier be moved closar to
receiver and the height Increased as
necessary. |f the reverse Is trus, you
would want ta recommend the
opposite. If bath helght and length
are limited, then the sponsor or
developer must find thal optimum
point where tha efieciveness of both
the barrier height and the barrler
length Is as high as possible.
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Is it Made of The Right Materlais?

Even If & barrler Is high enough and
long encugh, Its effectivenass can
be saverely reduced if it is made up
of lIghtwelght materials that easily
transmit sound waves, in the
preceding section on barrier
concepls we talked about how if the
transmission loss value for the
barrler materlal was not at least 10
db higher than the attenuation value
of the barrler based on length and
height there would be a significant
reduction In the effactlveness of the
barrler,

Therafore, ance you have
calculated the basic attenuation
potential of the barrier, you must
check to make sure the proper
material |s belng used lo build the
barrier, Table 1 lists the
transmission loss vatues for
materials commonly used In barrler
construction, Once you have found
the transmission loss value for the
malterial belng used, go to Table 2.
Read down the column with the
transmission loss for the matetial at
Its top and across the line that has
the atienuation potential for the
barrier llsted, Where the two
intersect you will find the actual
attenuation capability of tha barrier.

If you find that the cheoice of
mmaterial has severely reduced the
affectlveness of the barrier, you
should recommend that the sponsor
or developer select another material.

Is It Properly Consatructed?

Holes or openings can substantially
reduce the effectiveness of a barrier.
A barrler that has openings totaling
50% or more of ils total area wlll
pravide no attenuation. A barrler that
has openings totaling 10% of its total
area has a maximum attenuation
value of approximately 4db, That is
4db no matler how high, how long or
how thick the barrier. So you can see
that it is very Important that the
barrier s made of solkd materials and
that it is tightly constructed. In
general the Inlended cpenings ina
barrier should equal ne merg than 1%
of total area and ths construction
spaciflcations should require that all
joints are tightly sealed.
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Flgure b AFinal Noto
Ellect ol Moxing Darmior
Clogor 1o Recalver One thing should have become clear
{o you as you have been reading this
saction, and that is that in order for
you to adeguately review a project
spongor or developer's proposed
Roadway barrier you must ba given fairly
spaclfic Information about the exact
dimenslona of the proposed barrier,
tha type and thickness of the barrier
material, and tha exact design of the
Borrler A Attonuation barrier including canstruction
Value: 2db specifications, Without this
Information you will be unable to do
any mora than a cursory evaluation,
an evaluation that could be far from
accurate. Make aure you make it clear
to the developer or sponsor what you

1550 need to have,
Allenualion
Bartior B N Valua: 7.5db
Receiver
Tabte1
. Transmioslef Loas Valvo for Commen
Barrler Materiala
Thicknoss, Tranamiaslion
Matarisgl {Inchas) Loss, dBA (1)
Woods Concrale, Lamina 3i4 21-23
Masonry, stc. on Plywood
Fir 12 17 Flagtic
1 20 Light Lamina on 314 21-23
2 24 Concrete 4 a8 Particle
Pine 12 18 ] 39 Board
19 Donse
2 23 Conerale 4 40
Redwood 12 18 Cancrela Miscetlansous
1 19 Block 4 gg
2 2 & Glags (Safel
Cedar n 15 Cinder Block 6 28 ¥
1 18 {Hollow Core) Glnss) m gg
2 22 grickl 4 438 Plexiglass
Plywood " 20 ranit 4 {Shattarprooh) 2225
Particle 1 2 l:laaonha 112 20
ibergtass!
Board " 20 Compoaites Resify 13 20
Stucco on
Aluminum Metal Lath 1 az
Metals Faced 34 21=23 Polyester
Plywood vAvilh 3 20-30
tuml 118 23 Aluminum ggregale
Atuminurn 14 25 Faced an 21-23 Surface
14 a7 Particle
Btooi 24 ga 18 g&%ﬁc
aqm z "Awogite T basec on generalzed ruck
spoctrum, Source: Nolae Barier Dosign
Lead 110 2 Hendbook, FHWA v

r
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Table 2
Nolso Raduction of a Barrler as 8
Function of its Transmlasion Loss

Trarmlssion Loss, dB ol Materfals

Cesigned
Attonuation, dB
{from halght) 10 15 20 25 kD]
and fengih)
5 38 46 48 50 50
5} 45 5.8 58 8.0 6.0
7 §.2 6.4 6.8 68 7.0
8 5.9 7.2 7.7 18 8.0
5} 85 8, a7 89 2.0
10 0 B8 9.6 08 100
11 7.5 95 106 108 11.0
12 79 10.2 ) 118 138
13 82 10.9 122 127 129
14 8.8 11.5 130 137 138
15 88 12,0 138 1448 149
16 9.4 12.5 14,5 1585 5.8
17 g2 129 15.2 16.7 16.8
18 0.4 13.2 159 7.2 17.7
19 85 13.5 165 1840 187
20 1] 13.8 17.0 18.8 19.6
Source: Noise Barriar Design Handbook, FHIWA
28
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Acoustical Site Planning
Concepts

{This section, with some editing, is
from The Audible Landscape, FHWA."

The arrangement of bulldings on a
sile can be used {o minimize noise
impacts, i incompatible land uses
already exlst, orlf a nolse sensltive
activity Is planned, acoustical site
planning often provides a successful
technique for noise impact reduction,

Many site planning technlques carn be
employed to shield a residential
davelopment {rom nolse. These can
include:

1. Increasing the distance between
the nolsa source and the raceiver;
2. placing noise compatible land
uses such as parking lots,
maintenance facliitles, and utliity
areas belween the source and the

Flguro 10
Usp of a Parking Garago to
Shiold o Restdonilal Aren

receivars. Playgrounds and parks are
not necessarlly noise compatible
activities,

3. locating barrier-type bulldings
parallgl 1o the nolsa source or the
hlghway; and

4, orienting the residences away from
the noise.

Thaimplementation of many of the
above slte planning tachnlquas can
be comblined through the use of
cluster and planned unit development
techniques.

Distance

Nolse can be effactively reduced by
increasing the distance belween a
residential building and a highway.
Dislanceitself reduces sound;
doubling the distance from a noise
source can reduce its intensily by as
much as 3 dBA. In the case of highrise
bulldings, distance may be the anly

means, besldes acoustical design and
construction, of reducing nolse
impacts, This is bacause it |s nearly
impassible to provide physical
shielding lor the higher stories from
adfacent nolse,

Noise Compatible Land Uses as
Bullers

Nolse protection can be achleved by
locating nolse-compatible land uses
between the highway and residential
units, Whenever possible, compatible
uses should be nearest the nolsa
source, Figure 10 shows a proposed
parking garage along two sides of a
development in Boston, Both the

1The Audible Landscape: A Manual for
Highway Nolse and Lend Use,US
Deparimant of Transportalion, The Federal
Highway Administration, November 1974,
{GPQ Siock Mumber: 5000-00079.)
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Fitzgerald Expresaway and the
entrance to the Callahan Tunnel
which are shown on the site plan are
malor and noisy trafflc routes, In
additton o protecting the resldential
devalepment from the naise and dirt
of highway traffic, the parking garags
provides needed tacilities for the
resldents.,

Buildings as Nolse Shields

Addltional nolse protection can be
achleved by arranging the site plan to
use bulldings as nolse barriers. A long
buliding, or a row of bulldings parallel
to a highway can shleld other more
distanca structures or open areas
from noise.

It the buiiding belng used as a
barrler is sensitive to highway nolse,
the building Itself must first be
soundproofed. This technique was
used in a housing projact In England
where a 3,900 foot long, 18 foot wide
and 45-70 foot high wall {depending
on the terraln) serves as both
rasidence and a sound shisld. The
walllbullding wlill contain 387
apartments in which the kitchens and
bathrooms are placed towards the
noise, and the bedrooms and llving
rooms face away from the highway,
The wall facing the highway will be
soundproofed and windows, when
they exist, are sealed. Substantial
noisa reductions are expsected,

Orlentation

The crientation of bulldings or
activities on a slte affects the impact
of nolse, and the buliding or activity
area may be orlented In such a way as
to reduce this impact,

Nolse Impacts can be severa for
rooms facing the roadway since they
are closest to the nolge source, The
noise impact may also ba great for
rooms perpendlcular to the roadway

Figuro 1t
Convenlional Grid Subdivision
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because (a) the nolse pattern can be
maoreannoying In perpendicular
rooms and (b) windows on
perpendlcuiar walls do not reduce
nolse as effactively as those on
parallel walls because of the angle of
the sound, Read noise can be more
annoylng in perpendlcular rooms
because it is more extreme when it
suddenly comes In and out of earshot
as thetrafflc passes around tha side
of the building, rather than rising and
falling in a continuous sound, as it
would it the room were paraliel to
passing vehicles,

Whether the noise impact Is greater
on tha perpendicular or the parallel
wall will depend on the specific
individual conditions. Once the most
saverely Impacted wall or walls are
determined, nolse Impacts may be
minimized by reducing or ellminating
windows from these walls.

Bulldings can also be orlented on a
site in such a way as to explolt the
slte's nalural features, With raference
te nolse, natural topography can be
explolied and buildings placed in low
nolse pockets [f they exist. if no
natural nolse pockets exist, It is
possible to ¢reate them by excavating
pockets for bulldings and plling up
earth mounds between them and the
nolse. Such a structure woutld
obstruct the sound paths and reduce
the nolse impacts on the resldenges.

Flgure 12
Placemaent of Nolse Compatiblo Uses Noar a
Highwayina PUD

Cluster and Planned Unit
Development

A cluster subdlvislon s ene [n which
{he densities prescribed by the zoning
ordinance are adhered to but instead
of applylng to each indlvidual parcel,
they aro aggrogated over the entire
site, and the land is daveloped as a
singleentity. A planned unlt
development, or P.U.D., Is similar but
changes in land use are Included,
such as apartments and commercial
facliitles in what would otharwise be a
single-family district,

From Flgure 111t can be seen how
the conventlonal grid subdivislon
affords no noise protection from the
adjacent highway, The first row of
houses bears tie full impact of the
noise. In contrast, the cluster and
P.U.0. tachnigues enable open spaca
and commercial uses respectively to
sesve as nolse buffers, Examples of
this are shown In Figures12and 13, A
word of caution Is necessary: ina
cluster development, the required
open space can be located near the
highway te minimize nolse to the
residencas. However, many recreation
uses aje noise sensitive, and when
ane takes advantage of the flextbilily
of cluster development to minimize
nolse, care must be taken not to use
all of the available open spacain
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bufter sirips, thus depriving the
developmant of a signlficant open
space area, Where high nolse lavels
ex(st, a combination of buffer strips
and other techniques (such as berms
and acoustlcal sound proofing) can be
employed.

The HexIbllily of the clusler and
planned unit development techniques
allows many of the above site
planning techniques to ba realized
and effective nolse reduction
achieved.

Raviewing Site Plans

Thera are two main things to check
when raviewlng site plan changes to
determline if the revised site plan

- provides adequate attenuatlon for the

noise sensitive uses:

1. I3 the separation between the
source and the recelver great enough?
2. If nolse-compatible bulidings are
being used as barrlars for other
buildings, are thay adequate barrisrs,
l.a., ara they lang enough and ara they
high enough? {And, If the bulldings

Figuro 13
Qpon Space Placod Neor o Highwayina
Clustor Dovolopment

being used as barrlers cantaln noise
sansilive actlvitias, have the bulldings
been properly soundproofad.)

In order to determine whether the
propased site plan changes will
provide adequate separation between
the source and the recelver, you
simply go back to the Noise
Assassmaent Guidlinas procedures.
You can use the Guidefines both to
datermine if the proposed separation
distance Is sufflcient or to determing
the necessary separation distance.
You should at this paint check o
make sura that the uses being located
in the "bufier zone™ between the
source and the receiver are indeed
nolse compatible uses. If parks or
playgrounds are located In the buffer
zona, make sure they are not the only
ones assorlated with the project.

To determine whether the noise
compatible buildings being proposed
as barriers are adequate, you simply
use tha procedures outlined In the
preceding section, Determine whether
the building Is high encugh to
properly break the line of sight
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betwaen the recaeiver and the sourca,
Then determine if the bullding is long
enough. It is not necessary to check
to make sure It is made of the propar
matarials or that It Is properly
constructed sinca the bullding will be
inherently thick enough not to have
any problems. Agaln, hawever, if the
bullding belng proposed as a barrier
contalns noise sensitive uses you
must flrst verliy that It is properly
soundproofed, (See the next sectlon
for guidance on acoustical
construction.) If the building is not
properly soundproofed then it can not
be used as a barrler for other
bulldings.

As you raview the site plan check to
see that the bullding locations will not
aggravate nolse problems. Figure 14
shows how building arrangement can
make the nolse problem worse,



Flgure 14
Orlenialion of Bulldings on Sites
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Acoustical Construction
Concepts

(This sectlon, with some edlting Is
taken from the Audible Landscape,
FHWA,)

MNoise can be intarcepted as it
passes {hrough the walls, floors,
windows, cellings, and doors of a
bullding, Examples of nolse reducing
materials and construction
techniques are descrlbed in the pages
that follow.

To comparea the Insulation
performance of alternative
constructions, the Sound
Transmission Class (STC) Isusedasa
measura of a materlal's ability to
raduce sound. Sound Transmission
Class is equal to the number of
declbsls a sound Is reduced as 1t
passes through a materlal. Thus, a
hlgh STC rating indicates a good
insutating materlal. It takes Into
account the Influance of different
frequencles on sound transmission,
but essentially the STC s the
difference batweaen the scund levels
on the side of the partition where the
nolse originates and the alde whera it
Is racelved. For example, if the
external nolse level is 85 dB and the
deslred internal level 1s 45 dB, a
partition of 40 STC is required. The
Sound Transmisslion Class rating I3
the officlal rating endorsed by tha
Amaerican Society of Testing and
Measuremant. It canbs usedasa
guide in determining what type of
constructlen |s needed to reduce
nolse,

The use of the STC rating system
for transportation nolse Is a subject
of some debate. The STC rating was
originally intended primarily for use
with nterlor partitions and relates to
the “subjectlve Impressions of the
sound insulation provided againat the
sounds of speech, radio, television,
musle, and simllar sources of noise in
offices and dwellings."2 However,
since It remains the only widsly used
nolse reduction rating system for
materlals the STC system Is very
often used even with transportation
noise. When STC ratings are used for
transportation noise you should ba
aware that the STC ratings may be a
fow dB too high, For example, the STC
rating for a standard frama 2 x 4 wall
with exterlor slding, and sheathing
and interior sheetrock may be 37 dB.?

[t rated spacifically for transportation
nolse the dB reduction rating might
drop to 34 dB.* All this really means,
howevaer, s that you should use the
STC ratings with a bit of caution and
remaln aware of the passible 2-3 dB
overstating that you may get with the
STC rallng sysiem, Throughout this
text we will be talking in terms of STC
ratings for materials and assemblles.

1The Audible Landscape: A Manual for
Highway Nolse and Land LJse,US
Departmant of Transportatlon, the Federal
Highway Administrallon, November 1974,
{GPO Stock #5000-00079).

2Acoustical and Thermel Performance of
Exterior Residentlal Walls, Doors, and
Wingows, US Dapartment ol Commerce,
National Bursau of Slandasds, November
;975. {NBS Bullding Science Serlas 77) page

1

Jpld., p. 28

4pasign Qulide for Reducing
Transportation Nalse in and Around
Bulidings, . 137,

Figuta 15
The Audlble
Landsenpa

Factors which influence sound altenuation of
walls

Walls

Walls provide bullding occupants with
the most protection from exterior
noise. Different wall materlals and
designs vary greatly in thelr seund
Insulating propertias, Figura 15
provides avisual summary of some
ways inwhich the acoustical
properiles can be improved:

Increase the mass and stifiness of
the wall, In general, the denser the
wali malerlal, the more it will raduce
noise. Thus, concrete walls are betler
insulators than wood walls of equal
thickness. Increasing the thickness of
awall Is anothar way to increase
mass and iImprove sound insulation.
Doubling the thickness of a partltion
canrasult inas muchas a6 dB
reduction in sound.' However, the
costs of construction tend to limlt the
feas|billty of large increases in wall
mass.

The relatlve stifiness of the wall
matertal can influence Its sound
attenuation value, Care must be taken
to avold wall constructlons that can
vibrate al audible irequencles and
transmil exterior sounds.

'R. K. Cooka and P. Chrzanowskl,
"Tranamlission of Nolse Through Walls and
Floors," CyrilHarrs, ed., Handbook of Noise
Conlrol, McGraw-Hill Book Company, Inc,
{New York, 1957),

Lower sound attenuation

Hlgher sound attenuaton

I T

1 Increased mass

|

| Useol air space

| |

tncreased width of alrspaca

[ —

N l Wide spacing batween studs

I —

[ & & M J Staggered studs

o

ﬁ J Use ol resitient attachments
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Uso cavity partitions, A cavity wall
is composed of two or more [ayers
separated by an airspace. The
airspace meakes the cavity wall a mora
affective sound insulatorthan a
single wall of equal weight, leading to
caost savings,

incrensa tho width of tho alrspaco.
A three Inch airspace provides
significant nolse reduction, but
Increasing the spacing to six inches
can reduce nolse levels by an
additional 5 dBA, Extremely wide
airspaces are difficuli to design.

Inerease the spacing betwoon
gtuds. In a single stud wall, 24 inch
stud spacing gives a 2-5dB increase
in STC over tha common 16 inch
spacing?

Use staggered atuds, Sound
transmission can ba reduced by
attaching each stud to only one panal
and alternating between the two
panels.

2L palio T. Doells, Environmental Acoustics
(New York, McGraw-Hill Book Company,
1972), pp. 232-232,

Figure 18
Walls

Usa resilient materials to hold the
studs and panols togothor. Nalls
severaly reduce the wall's ablity to
reduce nolsse, Resilient layers such as
fther board and glass fiber board,
resillent citps, and semi-resillent
attachmenis are relatively
inexpenslve, simple to insert, and can
raisa the STC rating by 2-5dB."

Uso dissimllar layers. |f the layers
are made of differant malerials andfor
thickness, the sound reduction
qualities of ihe wall are improved.?

Add acoustical blankets. Also
known as isolation blankels, these
can Increase sound attenuation when
placed in the alrspace. Made from
sound absorbing malerlals such as
rmineral or rock wool, fiberglass, hair
felt or wood fibers, these can
attenuate noise as much as 10dB82
Thay are malnly effective in relatively
lightweight construction,

Senl eracks and edges. If the sound
insufation of a high performance wall
is ever to be realized, the wall must be
well sealed at the perimeter. Small
holes and cracks can be davastating

to tha Insutation value of awali. A one-

Inch squara hole or a 1116 inch crack
16 inches long will reduge a 50 STC
wall to 404

Figure 16 shows a sample of wall
types ranging from the [owest to the
tighest sound Insulation values.

Remember that the effectiveness of
best wall construction will be
substantially reduced if you permit
venis, mail slots or similar openings
Inthe walts, Il vents are permitted the
ducts must be specially designed and
insulated to make sure nolse does not
reach the inslde. The best approach is
simply to eliminate all such openings
onimpacted walls,

!Ibid, p. 172

ibld, p. 162

Inoalia, g 20

4Uniled States Gypsum, Sound Control
Construction, Pringiples and Performance
[Chicago, 1972), p. 68
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Slaggerad Stud Wall

8TC=39
Double Brick Wall
8TC=53

4" Brick Wall
STC=40

Staggered Stud Wall

wilh Absorbent Blankat
BTC =43

9" Brick Wall
5TC =52

12" Brick Wall
5TC=
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Windows

Sound entars a building through its
acoustically weakest points, and
windows are one of the weakest parts
of a wall, An open or weak window will
saeverely negate the effect of a very
strong wall. Whanever windows are
golng to be a part of the bullding
design, they shouid be glven
acoustlcal consideration, Figura 17
illustrates the effects of windows an
the sound transmission of walls. For
axample, if a wall with an STC rating
of 45 contalns a window with an STC
rating of 26 covering 30% ol its area,
the overall STC of the camposite
g%rmlon will be 35, a reduction of 10

The following is a discussion of
techniques that ¢an he used to reduce
nolse ina bullding by means of its
windows. Thase technigues range
from a blocking of the principal paths
of nolse entry to a blocking of the
mast indirect paths,

Close windows. The first stepin
reducing unwanted sound is to closa
and seal the windows, The greatest
amount of sound Insulation can be
achieved If windows are parmanently
sealed. However, openable acoustical
windows have been devaloped which
ara fairly effective in reduclng sound,’
Whether or not the sealing is
permanent, keaping windows closed
necessitates the Installation of
mechanical ventitation systems. If
you are dealing with singie family
houses and some of the windows are
facing away from all nolse sources, a
whole house fan may ba better and
cheaper than alr conditioning. In
multifamlly housing or where all
windows ara exposed to the nolse
sources you will have to go with the
air conditloning. If windows must be
openable, special seals are avaliable
which allow windows {o be opened.2
Roduco window size, The smalter the
windows, tha greater the
transmission joss of the total
partition of which the window is a
part, Reducing the window sizeisa
technique that is used because {a) it
preciudes tha cost of expenslve
acoustical windows, and {b} it saves
money by cutting down the use of
glass. The problems with this
technigue are (a) it is not very eifective
in reducling noise; e.9., reducing the
proporiion of window to wall size from
50% to 20% reduces nolse by only 3
declbels; and (b) many bullding codes
require a minimum window to wail
size ratio,

Figure 17
5TC

STC of wall mirus STC of door, window or opening

L 100%

—enaaa sl a

a P W Y

1 2 3 5

10 20 30 50 100

Decibels lo be subtracted from STC of wall to
obtain effective STC of composite barrler

Inerense glass thicknoss, If ordinary
windows are Insufficlent in reducing
nolse Impacts in spite of sealing
techniques, then thicker glass can ba
instalied. In addltion, this glass can
be laminated with a tough transparent
plastic which Is both noise and
ghatter resistant. Glass reduces nolse
by the mass principle; that is, the
thicker the glass, the mora nolse
resistant It will be, A 1/2-inch thick
glass has a maximum STC rating of
35dB compared to a 25 dB raling for
ordinary 3116 Inch glass,

'W).5. Department of Houslng and Urban
Develapmenl, A Siudy of Techniques to
increase the Sound Insulation of Bullding
Elements, Report No, WR 73-5, Washington,
p.C., June 1873,

2L0s Angeles Departmant of Alrports,
Guida fo the Soundproofing of Exlsting
Homuos Agalnst Exterior Nolse, Report No.
WHC 70-2, March 1970, pp. 9-11,22-30, In
this report, the function and performance of &
nutmber of operable seals are desclibed,

35

Instructions on uso of graph

1. Subtraci the 5TC value ol tho door,
wln|dow or opening from the STC value ol ihe
wall,

2, Enter tha verical axls of the graph a1 tha
polnt that rnatches the value from step 1,

3. Read across to the curve that reprasants
tho parcentage of the total area of the wall
1hat Is taken u)» by the door, window, of
opening.

4. Read down lo the horizontal axis,

5§, Subtract thovalue on the horizontal axls
frem the origlnal STC value of Lha wall, The
resylt s the composiie STC valuo of the wall
and the door, window or opening.



Howevar, glass thicknesses ara only
practical up to a certain point, when
STC increases becoms too
insignificant to justity the cost, For
example, a 172 Inch thick glass can
have an STC of 35; Increasing the
thickness to 3/4 Inch only raises the
8TC to 37, However, a doubie glass
acoustical window consisting of two
318 Inch ihick panes separatad by an
airspace will have an STC of 51and
can cost less than elther solid
window.

In addition to thickness, proper
sealing Is crugial to the success of
the window. To pravent sound leaks,
single windows can ba mounted In
res(llent material such as rubber,
cork, or falt.

Instalt Double-Glazed Windows.
Double-glazed windows are palred
panes separated by an airspace or
hung In a special frame, Genarally, the
performanca of the double-glazed
window may be increased with:

+ increased airspace width

* |ncreased glass thickness

s proper use of seallnga

» sllghtly dissImilar thicknesses of
the panes

 slightly non-parallel panes

In general the alrspace beitween the
panes should nat be less than 2-4
inches If an STC above 40 Is deslred,
If this is not possible, a heavy single-
glazed window can be used. The use
of slightly non-parallel panes s a
technlque employed when extremely
high sound insulation is required,
such as In control rooms of television
studios.

The thickness of double-glazed
panes may vary from 1/8 (e 1/4 inch or
more per pane, Although thickness is
Impeontant, the fagtors which most
datermine the noise resistance of the
window [s the use of sealant and the
width of the alrspacs,

As in the case of all windows,
proper sealing Is extremely imporiant,
To achleve an STC above 43, doubls-
glazed windows should be sealed
permanently. If the windowa must be
openabls, there arg available speclal
framas and sealers for opsnable
windows which allow a maximum
STCof 43)

Parmanentiy sealed double-glazed
windows often requira an alr pressure
control system to maintain a constant
air pressure and minimal moisture in
the airspace. Without this system, the
panes may deflact, and, [n extremely
severe cases, pop out of the frames,

To further insure [salation of nofse
betwesen double-glazed panes, the
panes could be of different
thicknesses, dlfferant welghts, and
slightly non-parallel to each other.
This prevents acoustical coupling and
resanance of sound waves,

Doors

Acoustically, doors are even weaker
than windows, and more difficult to
treat. Any door will reduce the
insulation value of the surrounding
wall. The common, hollow core wood
door has an STC rating of 17 dB.
Taklng up about 20% of the wall, this
door will reduce a 48 STC wall to 24
STC. To strengthen a door agalnst
noise, the hollow core door can be
replaced by a heavier solld cora wood
door that is well sealed! and is
relatively inexpenslve, A solld core
wood door with viny!l seal around the
adges and carpeting on the floor will
reduce the same 48 STC wall fo only
23 dB,2 Anincreased sound insulation
value can be achleved if gasketed
stops or drop bar threshold closers
ara instalied at the bottom edge of the
door. (See Figure 18)

The alternative solution to doors is
to eliminate them whenever possible
from the severely impacted walls and
piace them In more shielded walls.

In any case no mail slots or simltar
openings shoutd be allowed In
exterlor doors,

Figure 18

Roofs

Acoustical treatment of roofs Is not
usually necessary unless the noisels
extremely severe or the nolse source
I8 passing over the buliding. The
ordinaiy plasler cejling shouid
pravide adaquate sound insulation
except In extremely severe cases. An
acoustically weak roof which Is Ifkely
to require trealment s the beamed
celling.? Beamed cellings may be
modified by the addltion of a layer of
flberglass or some other nolse
reskstent materlal, Suspendad
callings are the most effective nolse
reducers but they are atso the most
expensive.

1D.E. Bishop and P.W. Hirtle, “Notes on the
Seund Transmisslon Loss of Residential-
Type Windows and Doors,” Journgl of the
Acoustical Soclaty of America, 43:4 (1968}
11,5, Gypsum, Sound Control... p. 100,
Jtbid @, 15.
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Gagketed door stop

Drop bar throshold closer
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Floors
In the case of highway nolse, floors
would anly require acoustlcal
treatment If the highway were passing
under the bullding. In this case,
fiooring would have to provide
protection agalnst structural
vibrallons as well as airborne sound,
Two ways to insulate a floor from
nelse are to Install a solld concrete
slab at [east G inches thick or install a
fioating floor. In general, tha floating
fioor glvas the greatest amount of
sound and vibratlon insulation;
however, it is extremely expensive,
Basically, a floating floor consists of
a woad or concrete slab placed over
the structural slab, but separated by a
resilient material. The reslient
materlal Isolates the surface slab
from the structural slab and the
surrounding walls,

What to Look for When
Reviewing Plans

The number of possible combinations
of the bullding materials thal gointo
walls, cellings, windows and doors, is,
no doubt, conslderably short of
Infinite. It is however stlll a very large
number, large enough that it would ba
impossible to complle a list of all the
possible combinatlons, Therefore, da
not expect to find [n this sectlon, or
anywhera else for that matter, a neat
table showing the STC ratings for all
the types of constructlon you may
encounter. In fact, it Is not really your
responslbility to determine the
preclse STC ratings for the walls,
cellings, windows and doors in lha
projects you revlew, Your job Is
simply to review the attenuation
lavels claimed by the
sponsorideveloper and determine
whether or not they are reasonable.

To enable you to perform the above
described task, we have prepared a
list of the most common lypes of
construction for which we have 3TC
ratings. By comparlng the type of
construction proposed to one of
thesa "model” types you should be
able to tell whether the clalmed STC
rating Is reasonable. For example, the
sponsarideveloper submits a
description of his building stating
that a 2 x 6 stud wall with standard
sheathing, Insulation, wood slding,
and 1/2" gypsum board achieves a
STC rating of 48. You look at Table 3
and find that the closest “madel" wall
Isa 2 x 4 stud wall with weod slding,
sheathing, Insulation, and 1/2"
gypsum board, This wall has a STC
rallng of 38, An 9 dB difference Is
Guite significant considering that tha
walls are really qulte simllar, You
would probably want to go back lo the
developer/sponsor and ask for some
supporting data that proves that the
2 x 6 wall ha proposes wlll indeed
provide 48 dB of nolse attenuatlon.

In order to makae it easler to review
the attenuation levels provided by the
proposed construction, we suggest
that you ask the developer/sponsor to
complete a form such as shawn In
Figure 19, Such a form will give you all
the information you need in a properly
arganized format that will facliitate
your review, You could fillin the first
part and simply have the
developar/sponsor fill out the second
part and return it with the devsloper
certificatlon or other project
documents,

7

As you willl racall irom the previous
section, most walls provide pratty
good attenuation by themselves. It is
the presence of windows and doors
and openings such as vents thal
reduces ihe atienuation capability of
tha wall. Thus, aftar you have
determined whelher thea basic wall
itself has a reasonable STC, you must
review the Impact of the windows and
doors. You do this by using Figure 17,
First you datermlne the difference
between the STC ratings for the wall
and the windaws. You enter the
verilcal axis of Figure 17 with that
number, You read across untll you
intarsect the line that represents the
parcentage of the wall taken up by the
windows. Then you read down to the
horizontal axls where you wil find the
value to be subiracted from the baslc
STC value of the wall, Tha resulting
number is the combined STC value for
the wall. If the wall also contains a
door, repeat the same procedura, only
start out with the modifisd STC rating
for the wall, If the wall has doars only,
then obviously you start with the
baslc wall STC rating. Finally you
compara the number you have derived
with that listed by the
developar/sponsor, If they are fairly
close, you need not pursue it further,
If therais a substantial difference,
you should ask for an explanation or
documentation from the developer,

Onca again, we caution you about
borderling cases. If the attenuation
required [s 30 dB and the STC rating
for the proposed construction is
exaclly 30 dB, you may want toask
the developer to provide even more
attenuation, Remamber that we
discussed how the STC rating may
overstate the actual at{enuation
provided by as muchas 3dB. lfan
additional 3 dB can be achieved at
minimum cost, we would strongly
urge that you seek it from the
developer/sponsor,

Finally check to make sura the
daveloper has provided some form of
mechanical ventilatlon, It it's asingle
family house and a whole house fan is
the means of ventilation baing
pravided make sure that there are
operable windows on walls which do
not face the nalse source(s) nor are
perpendicular to the source(s).
Otherwise the residents will have to
open windows on tha exposed wall,
thus cancelling out much of the
attenuation achievad.
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Tablad

STC Aatinga lor Typleal
Bullding Compononts!

Bullding
Component

Frams Wall

SluccolFrame

Walt

Brick Vaneer Wall

Masonry Wall

Windows

Exlerior Doors

Rezol

Pescriptlon

a. 5/8"x 10" Redwood Siding

b. 1/2" Insulation Board Sheathing
c, 2x 4 studs 18" a6,

d. Flbetglass Bullding Insutatlon

STC Rating
39 dB

e. 12" Gypsum Board atteched direatly to studs

a. 7/8" Slucco

b, No. 15 1elt Building Paper and 1" Wire Mesh
¢, 2x 4 Studs 16" o.c.

d. Fiberglass Building tnsulatlon
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o, 112" Gypsum Board attachad directly to studs

a. Faca Brick

b, 112" Alrspace with metal lles

c. 314" Insulation Board Sheathing
d. 2% 4 Sluds 18" o.c,

e, Fiberglass Bullding Insulation

58

f. 112" Gypsum Board attached dlrectly to studs

a, 1" Stucco
b, 8" thick Hollow Concrote Block
€. 1{2" Gypsum Board attached to furring slslps

Waod double hung, closed but uplocked,
single gla2ing
Aluminum silding, latched, single glazing

Wood double hung, closed bul unlocked,
glazed with 7/16" insulating glass

Aluminum singte hung, closed, glazed with
716" Insulating glass

Wood, double hung, sealed, glazed with
718" Insulnting glass with slngle
glazed storrm Bash-2 118" separation

Alurninum sliding, closed, single glazed

48
{estimated)

25

35

22

with aingle glazad storm sash, 1/8™ separation

Wood, flush solld core, with brays
waalher stripplng

Wood, flush solld core, plastic weather
strlpplng, aflumlnum sierm door

Wood, French door, brass weather
stripping

Steal, flush, with urathane loam core,
with magnetic wealther stripping

Shingte Roof with attic, 112" gypsum
w’all b?an:! calling framed indepondently
of roo

a7
24
26

28

43
{estimaled)

‘Except as noted, alt STG ratings &7e from; Acouslical and Thermal Perfarmance of Exloror
Resideniial Walls, Doors and Windows, Natlonat Bureau ol Standards,
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Figura 19
Dascription of Noiaa Atlonuation Moasuraa
{Acounticat Conatruction)

Part|

Project Name

Lecation

Sponsor/Daveloper

NolseLevel(FromNAG) . ___ Attenuation Required

Primary Nolse Source{s)

Part Il

1. ForWalla (s} fating and parallel to the noise source(s) {or closest lo parallel);
a, Dascripton of wall canatruetion®

b. STCrating for wall {raled for no windows or doors);

¢. Dascriplion of Windows:

d. STCrating for window type

e. Description of doors

f. STCratlng for doora

g. Percentage of wall {per wall, per dwelling unlit) composed of

windows and doors

h. Camblned S1C rating for wall compenont

2. For walls perpendicular to nolse source(s):
a, Description of wall conslruction®

b. STC rating forwall (rated for no windows or doors)

¢, Descriptionof windows

d. STC rating for windows

N i e T T

g T

8, Description of doors

39
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{. STC rafing for deors

g. Perconlage of wall {per wall, per dwelling unil) composed of
windows and doors

h. Gomnbined 3TC rating for wall component

3. Rooling component (If overhead attenuation I8 required due fo alrcrafl nolse);
a. Dascriplion of roof censtruction

b. ST rating (rated as If no skytigh!s or other openings)

¢. Deseripton ef skyllghts or overhead windows

d. STC rating for skylighis ar averhead windows

8, Percentage of roof compased of skylighis or windows (per dwalling unlt)

f. Percantage of roof composed of large uncapped openings such as chimneys

g. Comhined STC ratlng lor roof component

4. Description of type of mechanical ventilation provided

Preparad by

Date:

*It walis contain vents ar similar openings, attach a dageription of dust arrangement and (naulation and
a slalemeni of how much the wall STC Is reduced by the presance of the vent.
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Flgure 19
Deseriplion of Nolse Allenuation Measures
{Acoustical Conslruglion)

Part |
TARADISE Homes

Location B‘MYZEQ.\&LM
Sponsor/Devalopar _J’Q&L’D.QE—AMQJ_*
Nolse Lavel (From NAG) ._7_3—._.... Attenualion Required _.Zo_a.’_é_

Primary Noise Source(s) HIGI‘/M’ AY

Part Il
1 :;nrsg:::r;sl‘(}51Ll::glin\s;rgoﬁ'.a;gtglt:g;pe nois? so%ce{s! Eur glosast lo parallel); PM;_
2y 4 sTuds 14"0.c. 3K fiabrslnes ThsulaTiow
b. STCratingfor wall (rated 1or no windows or doors); L7
¢. Descriplion of Windows: MW&(M&_@_
InsulAting LRIAss

d. STCrating lor window type Z 2

0. Description of doars _lAin::LD?_EL_mf,_-SalJ_D_QQ&EL_

Piajec| Naime

I. STCrating for doors -4 o

p. Percentage of wall (per wall, per dwalling unit) composed of
windows 1207~ anddoors S50

JodE

h. Gomblned STC rating for wall componem

For walls perpandicular to nolse source(s)
a. Desctiplion of wall canstruction® SAMg__ﬂ-_S' AB&VE__

[

k. STC rating for wall {rated for no windows or doors) 3 7

c. Deseriptionof windows __JSL‘MLAMME__“__

d, STCrating lor windows »2 2

. Description of doors No _Doskes

4




g.

n

a,

STC rating for doors __

Percentage of wallépar wall, per dwalling unil) compased ot
windows 10 %o and doars 2
Comblned STC raling for wall companent fe)

3. Rooling component {if overhead attenuationis reqﬁu%due to atrerall nofsa)

Description of roaf conslruction

. BTCrating {raled as If naskylighia or other cpenings)

. Descriplon of skylights or overhead windows

Q.

. STCrating for skylighta oraverhead windows

. Percentage of rooi compased of skylights or windews [per dwalling unli}

Percentage of roof compesed of large uncapped openings such as chimneys

Combined STG rating fof 1oof companent

4, Descripllon of lypa of mechanical ventilallon provided _ﬁ&dﬁdé_ﬂm’_
* . "

Londitionng

Prapared by

Date:

*[§ walls centain vents of similar openings, atlach a description of duct arrangernent and Insulation and
a stalement of how much the watl S1C s reduced by 1he presance o ihe vent,
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Quiz on Noise Attenuation
Questions

1. What are the three basic ways to
provide noise attenuation?

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

3. When abarrlaris introduced
between a source and a receiver the
sound energy Is redistributed along 3
indirect paths, What are thess three
paths?

4. What is "Path Length Difference™
and how does it affect the attenuation
lavel provided by a barrler?

5, What are “Transmission Loss
Values?"

6, How does tha transmisslon loss
value of barrler material affect the
attenuation capability of the barrier?

7. As ageneral rule, what
tranamisslon loss values should you
look for?

8. If you have mora than one barrler
hetwean the sourca and the recelver
I8 tha amount of attenuation
Iincreased substantially?

9. What are the four things to check
when reviewing a proposed barrier?
10. List 3 ways to make a barrler more
affective without increasing 1ts ovarall
height.

11. List 3 ways 1o make a barrier mora
eifective without increasing its overall
tength,

12. What is tha maxImum percentage
of the total area of a barrier that can
be made up of openlngs without a
signlficant loss in barrler
affectiveness?

13. List 3 site planning technigques
that ara used to shigld residential
developments.

14, When are parks and playgrounds
not noise compatible uses that can be
employed as buffers?

15. What are the two main things to
look for when reviewing site plan
changes?

16, What are some of the bullding
orientations which can aggravate
noisa problems?

17. What is the Sound Transmiss{on
Class {STC)rating?

18. Whichis betterahighSTC ora
low STC rating?

19. What kinds of conditions were
STC ratings originally developed for?
20, what should you do when using
STC ratings In a transportation nolse
sltuation?

43

21, List 5ways to Improve the
attenuation capabliity of a wall,

22, Windows are one of the
acoustically weakest components In
awall, List 3 ways to reduce the
negative effects of windows.

23. What is the best way o reduce
the effect of doors?
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Quiz on Nolse Attenuation
Answers
1. a. barriers or berms

slte design

acoustlcal construction

to make sure the project

sponsor/developer s aware of

the attenuation requirements
b. provide sponsorideveloper
with an overvlew of available
aptlons
¢, reviewatlenuation proposals
to make sure they are
adequate

3. a. Adiffrocted path overihe top

of thabarrier

b. Atransmitted path through
the barriar

¢. Arotlecied path away from the
racelvar

4. "Path Length Difference” Is the
diiference Indistance that sound
must travel diffracting over the
barrier rather than passing
directly thraugh it. Since sound
anergy decreases overdistance,
the greater the path length
distance tha greater the
attenuation.

5. "“Transmisslon Loss Values"
represent the amount nolse levels
will be reduced when the sound
waves pass through a barrier.

6. Since theattenuation provided by

abarrler is afunction of both the

sound anergy that goes cver the
top and the enargy that goes
through the barrler, If the
transmission loss value is low
then the effectiveness of the
barrier will be greatly reduced.

If the transmlasion loss value of

the barrier matarial Is at east

10dB greater than the attenuatlen

levei provided by dlfiraction {l.e.

barrier helght) there shouldn't be

any preblem,

No. The combined effect of

multiple barders doss not

normally provide significantly
greater attenuation than a singla
barrier, For deslgn purposes, the
general precedure is to assume
the attenuation of the most
effective barrler.
9, a. |s [t highenough?
b. Isltlong enough?
¢. Isit madseof theright
materlat?
d. Isit properly constructed?
10. a, move the barrier closer to the
source
b. bend thetop of the barrier
towards the source
¢. doboth

pPogw

7

@

11, a. movalt closer to the recsiver
. bend the ends toward the

recalvar

c, doboth

12, 1 percent

13. Any 3 of the balow:

a, Increasing tha distance
between the source and the
recelvar

b. placing nolse compatible land
usas baetween the source and
the recalver

c. locating barrler type bulldings
parailel to the source

d. orienting residences away
from the noise

14, when they are the only cnes
associated with the project

15, a. iathe separation between the

source and recelver great

anough

h. Ifanolsecompatible building

Is being used as a barrier is it

tall and long enough?

Building orientations which trap

noise and cause it to reverbarate

off bullding walls. This would
include shapes where a court is

open tothe source or whera a

serles of buildings are arranged

perpendicuiar to the source.

The STC rating Is equal to the

number of decibels a sound is

reduced as It passes through a

material.

18. Ahigh STC rating Is better,

19. The STC ratings wera coriginally
Intended primarlly for use with
interlor partitlons and for nolse
such as speech, radios,
talavision,

20. Recognlze that the STCrating
may overstate lhe effectivenass
of the materials by 2-3db,

16

17

4

21, Any of the 8 below:

Increasa the mass and
stifineas of the wall

b. usecavity partitions

¢. Increase the width of the
airspace

d. Increase the spacing betwesan
studs

8, use staggered studs

f. usereslient materials to held
the studs and finish materlals
together

g. useofdissimilarlayers
{leaves)

h. add acoustleal blankats

I, sealcracks and edges

Any of the 4 balow;

a. close the windows and
provida mechanlcal
ventilation

b. reduce window slze

¢, increasae glass thickness

d. Install double glazed windows

23, ElimInate them from saverely

impacted walls

22
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Foraword

In ehocsing ameng alternative sites for
housing, potential noise prablems are
promineni among tha lasues that must be
axamined, These Noizo AsSe88Mui
Guidelines were daveloped to provide
HUD field staff, interested builders,
developers, and local officialg with an
easy-lo-use method of evaluating neise
problems with a minlmum of fime and
effort.

Wa believe that this set of tools will
simplity the process of balancing the goal
of enviropmental protection with those of
elficlency and reduced housing costs, We
hope you will find them useful, and invite
your commants,

Benjamin F. Boba
Acling Assistant Sacretary for
Policy Devalopment and Research

Stephen J, Bollinger é
Assistant Secretary lor

Community Planning and
Development
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Proface

The Department of Housing and Urban
Development, in its efforts to provide decen!
housing and a sullable living envirenment, Is
concarnad with noise as a major sourco of
anvironmental poliution and has Issued Sub-
part B on Noise Abatement and Control to
Part 51 of Title 24 of the Code of Fedarat
Regulations.

The policy established by Subpart B em-
bodias HUD cbjectives to make the assess-
maent of the suitability of the noise environ-
ment at a sita: (1) easy to parorm; (2)
uniformly applicable (o ditfarant noisa
sourcas; and (3} as consistant as possible
with ihe asseasment policies of other Federal
departments and agencies. In furtherance of
these cbjectives, the Office of Policy Deval-
opment and Research has sponsored
research {o provide site analysis techniques,
These Noise Assessmant Guidelines do not
constitute established policy of the Deparn-
ment but do provide a methodology whose
usa is encouraged by HUD as being con-
sigtent with its objectives, The Guidelines
pravide a means (or assessing separately
the noise produced by airpon, highway, and
railroad operaticns, as well as the means for
aggregating thair combined effect on the
overall neise environment at a site,

This booklet has besn prapared by Bolt
Beranek and Newman Inc., under Contract
No. H-2243R for the U.S. Depariment of
Housing and Lirban Devalopment. ltisa
revision of an earlier edition published in
August 1971, With the exceplion of changes
made by the Depariment, the contractor is
solely responsible for the accuracy and
completeness of the data and information
contalned harein,
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introduction

These guidelines are prasented as partof a
continuing efiort by the Department of Hous-
ing and Urban Development lo provide
decent housing and a suitabfe living an-
vironment for all Americans.

Theprocedures described hara have been
developed so that people without technical
training will be able fo assess the exposure of
a housing site to present and luture nolse
conditions, In this conlexi, the site may hold
only one small building, inwhich casae the
nofse assessment js siraightforward, Larger
sites may hold larger buildings, or many
huildings, and the noise lavel may be dif-
farent at different pans ol tho site {or bulld-
ing). Assassmaents of the nolse exposure
should be made at representative locations
around the site where signilicant noise is
expectad. These are designated as "Nolse
Assessment Localions,” abbraviated NAL in
the tollowing text.

The only materlais required are a map of
{he area, a ruler (straight adge), a protractor
and a pancil. Worksheets and working
figures are provided separately,

All of the information you need can be
easily obtained — usually by telephone. For
convenienca, this information Is listed al the
baginning of each saction undar headings
that Indicate the most likely source. While
you are cblaining this information, be sure to
ask about any approved plans for future
changes that miay affect naiso lavels at the
sile - for example; land-use changes,
changes in airport runway lrallic, widening of
roads, and so forth, In all evalualions, you

should assess the condition that willhave the
most severe or most lasting effect on the use
of the site.

Wharaver possible, you should try to
assess noisa environments expected allpast
ten years in the future.

The degree of acceptahiity of the noise
environment af a site is delerminad by the
outdoor day-night average sound lavel
{DNL} in dexcibels (dB). The assessment of
site acceptability Is presented first as an
evaiuation of the site’s exposure lo three
major sources of noise - alrcralt, roadways,
and railways. These are lhen combined to
assess the total noise at a site. Worksheels
are provided at the back of these Guidelines
fo use In summatizing your evaluations,

The nolse environment at a site will coma
under ona of threa categorios:

Acceptable (DNL. not exceeding 65 decl-
bels) The noise exposure may be of some
cancern but cormmon building constructions
will make the Indoor environmeni acceptable
and the outdeor envirenment will be rea-
sonably pleasant for recreation and play.
Normnlly Unacceptable (DNL abova 65 but
not exceeding 75 decibals) The noise expo-
sura is significantly more severe; barriers
may be necessary batween the site and
prominant nolse sources to make the outdoor
environmant aceeptable; special building
constructions may be necessary to ensure
that people indcors are sufficiently protected
from outdoor noise.

Unacceptabto (DNL above 75 decibels) The
noise exposure al the sile is so severe that
the eonsttuction cost to make the indeor
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nolse environment acceptable may be pro-
hibitive and the outdaor environment would
still be unacceplable.

When measuring the dislance from tha site
to any noise source, measure from the
source fo the nearest points on the site whero
buildings having noise-sensilive uses are
lacated. These points define the Naise
Assassment Locations for the site. The
ralavam measurement location for buildings

is a point 2 meters (6.5 feat) from the facade.

If at any paint during the assassment the
site's exposure o noisa is found to be
Unaccepliable or Normally Unacceptable,
avary aflort should be made fo improve the
condition, e.9., the location of the proposed
dwallings can he changed or some shielding
c¢an be pravided fo block the noise from [hat
source.

Whare quiet outdoor space is desired ata
site, distances should be measured from the
impartant noise sources to the outdoor area
in guestion and the combined noise axpo-
sure should be assessed.

Fraquently, the locations of dwellings have
not yei been specified at the time the noise
assessment ol a site is made. In these
instances, distances used inthe noise
assessment should be measwed as 2
maters less than the distance from the build-

ing setback line lo the major sources of noise,



Combining Sound Levels in Decibels

The noise enviranment at a site is doler-
mined by combining the contributions of dif-
ferant neise sources. In these Guidslines,
Workcharts are provided to estimale the con-
tribution of afrcraft, automabile, truck, and
frain noise to the total day-night average
sound lavel {DNL) at a site. The DNL contri-
butions from each source ara expressed in
dacibels and ertered on Worksheet A, The
combined DNL from all the sources Is lhe
DNL forthe site and is lhe value used to
determing the acceplability of the noise
environment,

Sound tevelsindecibels are not combined
by simpla addition! The following table
shows how 1o combine sound levels:

Tablo
Dillerance in Addlo
Sound Loval Largar Lovol
0 3.0
1 25
2 2.1
3 1.8
4 1.5
5 1.2
8 1.0
7 0.8
8 06
) 0.5
10 0.4
12 0.3
14 0.2
1 0.1
groater than 16 o

Usa the table by first finding the numarical
difference in sound level belween two levels
being combined. Enlaring the tabla with this
value, lind hevaluu o buudded lothe larger
ol the two levals, add this value 1o the larger

level to determine |he tolal, Where more than
two levels are lo be comblned, use the same
procedure to combine any two levels; then

uge this sublotal and combine |t with any

cther lavel, and so on, Fractionat numerical
values may be interpolaled from the table;
however, the final result should ba rounded
{oihe nearast whole numnber,

Example 1: In performing a site evaluation,
the separate DNL values for airports, road
traffic, and railroads have been listed on
Worksheet A as 56, 63, and 61 decibels. In
order to complete the final evaluation of the
site, these soparale DNL values must be
combined. The difference betwsen 83 and
56187;fromthe tabla you find that 0.8 should
be added to 63, for a subtotal of 3.8, The
diflerence batween 63.8 and 61 is 2.8; from
the table you interpalate thal approximalely
1.9 should be added to 63.8 for a lotalof 65,7
or G6 dB when rounded to whole numbers,
This example shows how noise fromdiffarent
sources may be Acceptable, individually, ata
sile, but when combined, the fotal noise an-
vironment may exceed the Acceptable DNL
limit of 65 dacibels,
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Alrcraft

Necassary Information

To evaluate & site's axposure to alreralt
noise, you will nead 1o consider all alrports
(clvil and mititary) within 15 miles of the sita,
Theinformation required for this evaluation is
listed below under headings that indicate the
most likaly source, Belore beginaing the
avaluation, you should record ihe following
intormation on Worksheet B:

From the FAA Area Office or the Military
Agancy in charga of the airport;

¢ Are currant DNL or NEF (Noise Exposure
Forecast) contours available? Nolse con-
tours are avellable for almost all military air-
ports, These contouts have been dovaloped
and publishad as part of the Air Inslallation
Compatibla Use Zona (AICUZ) program of
the Department of Defense. The contours
are published normally as part of an AICUZ
report, Noise contowrs are also available for
many civil alrperts, When available, thoy are
superimposed on a map with an appropt-
alely marked scale (See Figure 1, page 4),

e Any avallable information about approved
plans for runway changes (extensionsor new
runways),

From the FAA Conlrol Tawer or Alrport
Operations (it DNL or NEF contours are hot
available):

# Tha number of nighttime et operations
{(i0pm.-7am.)

& The number of daytime jat operations
(7am. - 10 p.m.}

# Thelight paths ol the major runways.

® Any availabte information about expecied
changes in airport traffic, e.g., willthe num-
ber of operations Increase or decrease In
the next 10 or 15 years.

Inmaking your evaluation, use tha data for
the heaviest air tratfic condition, whether
prasent or futura,

Evaluation of Slte Exposure
to Alrcraft Noise

It current DNL (or NEF) contours are avail-
able {asin Figure 1 page4), locate the stte on
the map by referring to the marked distance
scale, ilthera are no other noise sources in
the arep, you da not need to do anything else,
If shera are other noise sources alfecting the
site, you will need to lind the precise DNL
valun s0 you can combine It with the other
sourcaes. Obtain the DNL at the appropriate
NAL on the site by interpolation between the

contours on elther sida of the NAL. If NEF
contours are usad, estimate DNL by adding
35 decibels to the NEF valugs, Note that
cantours are usually provided in 5 decibel
increments. {See Fxample 2 on paged.)
When supersonic akicralt operalions are
present, DNL contours are required for the
assessment,

|F DNL or NEF conlours are not available,
the DML at a sile may be estimated in several
differant ways:
# An FAA Handbook (Reference 1) can be
used to estimate DNL conlours for sites in
general aviation airport vicinilies, General
aviation girpons exclude commaerclal jet
transports but may include business jets.
s A handbook available from EPA (Reler-
ence 2 at the back of this Guide) can be usad
{o calculate DNL atindividual paints.
* A procedure for constructing approximate
DNL cantours for sites near commaercial jot

Figure 1 \
Exarnplte of ONL Conlours /

Thousands of Feel
I‘ 024468

Examplo 2; Tha illustration In Figura 1 at the
top of page 4 shows the NAL's on a map that
has DNL contaurs. We find that NAL number
1lies batween tha 65 and 70 dB contours and
that NAL number 2 fies outside the 65 dB
contour,

Woefindthe DNL atNAL number 1 by Intar-
polation lrom the distances batween the NAL
and the 65 and 70 dB contours.

By scaling off the map, we find that the
distanca from the NAL, measured perpen-
dicularly lo the contours, is 800 feet 1o the 65
dB contour and 2400 feet to tha 70 dB con-
tour, The distance between the 65 and 70dB
conlours 152400 + 800 =3200 faet. We find
the DNL at the NAL number 1to be 65
decibels plus 800/3200 x 5 dactbels = 66.3
decibols.
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Exampla 3: The illustration In Figure 2 at the
bottom of page 5 shows an airport for which
DNL or NEF cantours ara not avallable. The
airport has 10 nighttime and 125 daytime jet
opearations.

To consiruct the approximata conlours, wa
determine lhe effective number oloperations
as lollows;

10 (nighttime} x 10 = 100

Add to this the actual number of daylime
operations:

100 + 7125 (daytime) = 225

To determine the distances Aand 8 in
relalion fo the runway {see Figure 3, page 5).

enlar the effactive number of operations on
tha horizontel scales ofthachans In Figure 3;



airports wilhout supersonic aircraft Is as
lollows:

Datermine tha “elfeclive” number of jet
operations at |he airport by [irst multiplying
the number of nighitime jet operations by 10,

Then add the number of daytime jet opera-
fionsic obtain an elfactive total {see Example
3, page 4).

Onamapolthe area showing the principat
runways, mark the ncaiion of the site and,
using the diagram and chans of Figure 3 on
page 5, construcl approximate DNL contours
of 65, 70, and 75 dB for the major runways
and flight paths most ikely o atfect the sile.
(see Figure 2, page 5.

Although a site may be Acceptable for
exposure to aircraft noise; exposure to other
gources of nolse, whan combined with the
alreralt noise, may make (he sile Unaccept-
able. Therelore, il nacessary, values of alr-
cralt noise exposure less than 65 dB can be
astimated from Tabla 2, Scale the shortest

distance 07 from the NAL tothe flight path, 8s
in Figure 2, Scale the distance D'irom the 65
B contour {o the flight path. Divide D*by D'
and anter this value into the following taklato
find the approximate DNL at the NAL.
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read up 1o the DNL curves; read across the
chart to the Isil to oblein distancas A and B
from the vartical scales on the charts.

We find from Figure3, for example, that for
225 effective operations, distance A is 4200
feet for ihe 65 dB conlour and 2000 feet for
the 75 dB contour, Distance B is 31,000 (eet
for the 65 dB conlour and 11,000 feat for the
75 dB coniour,

Example 40: The NAL shown in Flgure 2 is
outside the 65 dB cantour. The distance D?
fram the NAL to the Iight path is 9700 faet.
The distance D' from ihe 65 dB contour o the
flight path, measured perpondicularly from
the cantour, is 3700 fast. The ratio D/D'[s
9700/3700 = 2.62, Fram Table 2we find the
DNL fromthe airport tobe 56.6 dB. We do nol
know whether the site is Acceptable or not,
however, since we must also assess the
contribulion of roadway and train noise iothe
total DNL at the site.
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Examplo 4b: We cbsarve that the perpen-
dicular distanca (D% from NAL number 2
{Figure 1) to the flight path is more than 3
times the distance (D') from the 65 dB con-
tour to the flight path. From Table 2 we lind
that the contribution of the airpor fo the DNL
atNAL number 215 leas than 55 dectbels. We
nesd nol consider the alrport further in
accassing the noise snvironmant at this site,



Rondways

Necesaory infermation

To evaluate a site's exposure lo roadway
nolse, you will need to consider all ioads that
might contribute 1o the sile's nolse environ-
mant; roads father away than 1000 fae!
normally may be Ignored.

Befare beglnning the evaluation, deter-
mine if roadway noise predictions already
exist forroads nearthe site, Also try lo obtain
all available information about approved
plans for roadway changes (8.g., widaning
existing roads or building new rcads) and
about expected changes in road tralfie (e.q.,
will the traftic op this road increase or
decrease inthe next 10 fo 15 yaars),

il noise prediclions have been made, thay
should be available from the City (County)
Highway or Transporiation Depariment. I not,
racord the loliowing information on page 1 of
Worksheet C;

s Thadistances fromthe NAL'sforthe slteto
the near edge of the naarast lane and the far
adge of the farthest lane for each read.

s Distance to stop signs.

# Road gradient, if 2 parcant or greater,

& Average speed,

& The total number of automebiles for both
dlrectiona durlng an average 24-hour day.
Tratfic engineers rafer to this as ADT, Aver-
age Daily Traffic {or sometimes AADT,
meaning Annual Avarage Daily Traffic).

s The number of trucks during an average
24-hour day in each diraclion,

If possible, separate trucks into "haavy
trucks" - those weighing mara (han 26,000
pounds with three or more axles - and
"medium trucks™ — those betwean 10,000
and 26,000 pounds, (Each medium truck is
counied as equal to 10 automobiles.) Trucks
under 10,000 pounds are counled as auto-
mabites. Count buses capable of carrying
more than 15 sealed passengers as *heavy™
trucks ~ olhers, as "medium" teucks, It is

not possible to separate the trucks into those
that are heavy and thase that ara not, treat afl
trucks as though they are "heavy."”

Note: If the road has a gradient of 2 per-
cent of more, record the numbers for uphill
and downhill iraffic separatsly since these
figures will be needed later; otharwise, sim-
ply record the fotal number of trucks, Most
often you will have 1o assume that the uphill
and downhill trakic are equally split.

& The fraction of ADT that occurs during
nighttime (10p.m.i07am.}. Ifthisis
unknown, assume 0,15 lor both trucks and
autes.

Evauation of Site Exposure
to Roadway Noise

Tralfic surveys show thal the amount of
roadway noise depands on tha percentage of
trucks in the total traffic velume. To account
for this effect, you must avaluate automnbile
and truck tratfic separately and then combine
the results.

The noise environment at each site due lo
tratfic noise Is determined by ulilizing a series
ol Workcharts to dafine the contribution of
automobiles and trucks from one or
more roads at that site. Each noise source
yields a separate DNL value.

Workchart 1 provides a graph for assess-
ing a sile with respect lo the noise from auto-
mobilas, light and medium trucks; Workchart
2 pravides a similar graph for assessment of
heavy {ruck noise, These valuas are com-
bined for each road aflecting the noise
environment at the sile 1o abtain the total
contribution of roadway nolse. Remember,
the noise from aircraft and railways must alse
be considered before detarmining the sult-
ability of this sile’s noise environment,

Effective Distance
Balora proceeding with these separate aval-

uations, howsver, datermine the “alfective
distance” to each road from the dwelling or
outdoor residential activity (the NAL's for the
site) by averaging the distances to lhe near-
est edge of the nearast lane and o the farth-
ast edgo of the fanhest lane of traffic. (See
Example 5, page 6, and Figure 4, page 7.)
Note: For roads with the same number of
lanes in both dirsctions, the effective dis-
tance Is the distance to the center of the
roadway (or median strip, it present).

Automobile Traffic

Workchart 1 was cerlved with the following
assumptions:

& Tharais line-of-sight exposure fromiha site
to the road; i.e., there is no barrier which
effectively shields the sile fram the noise of
the road.

¢ Thare Is no stop sign within 600 feet of the
site; tratfic lights do not count bacause thera
isusually traffic moving on one street or the
olher.

# The average aulomoblle traffic speed is 55
mph,

® The nighlime portion ot ADT is 0.15,

Il each road meets these four conditions,
proceed fo Workchart 1 for the evaluation,
Enter the horizontal axis with the efiective
distance from Ihe roadwaytatha NAL;drawa
vertical line upward fram this paint, Enter the
vertical axis wilh the effactive automobile
ADT; draw a hotizonlal line across from this
paint. (The "oflectiva” automobite ADT is the
sum of automaebiles, light trucks, and 10 times
the number of medium trucks in a 24-hour
day.) Read the DNL value frerm Workchart 1
where Ihe vertical and horizontal lines inter-
sact, Record this value in column 16, Waork-
shest C,

But:
If any of the: four conditions is differant, make

Exarnple 5: The site shown In Figure 4 is
expesed to noise from three major roads:
Road No. 1 hasfourlanes, each 12 feet wide,
and a 30-toot wide median strip which
accommodates a railroad track, Road No. 2
hasfourlanes, each 12 festwide. Road Mo. 3
has six lanas, sach 15 feet wide, and a
madian strip 30 feet wide,

The distance rom NAL No. 1 to the near
edge of Road No. 15300 feet, The distance
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tothe far edge of Road No. 1is 300 feet, plus
the number of lanes times the lane widlh,
plus the width of the median strip, Thus, the
distance to the fanthest edge of the road is:

300 + (4% 12} = 3781t
The effective distance is

This Isthe value to be entered online 1cof
Worksheet C. The eflective distances from
the appropriate NAL's to Road No. 2 and
Road Na. 3 are lound by the same method.

The distances shown in Flgure 4 will be
used for all roadway sxamplas in Lhis booklet,
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the necessary adjustmenis (on page 2,
Flgure 5

Workshaeet C) listed balow and thern use
Warkchart 1 for the final evaluation.

First, a few general words about adjust-
menis as they are applied In these Guide-
linas, Each Workchart has been derived fora
baselne condition which is olten Jound in
practical cases, Where conditions differ from
the baseline, they are accounted for by a
serias of one of more adjustment factors,

The adjustment factors are used as mul-
tipliers timas the average number of vehicles
operating during a 24-hour day. If more than
one adjustment is required, it is not neces-
sary that each be multiplied times the basic
traffic flow separately; all adjustment factors
are multiplied together, and them multipfied
times the original traffic flow data. This will
become clearer as you examine the Work-
sheets at the back of these Guidelines and

Uso of Workchart 1 To Evaluale Automoblie
Tratfic Noiso
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work through the examples. After you have
become familiar with the Guidelines, you will
ba abla to work examplas directly from the
worksheeta without relesring back o the lext.
To simplify yeur work, all the adjustment
factors are summarized at the back of these
Guidelines,

Adjustments for Automobile Traffic

Stop-and-Go Traffic:

I thera Is a stop sign {not a traffic signal)
within 600 faat of the NAL so that the flow af
traffic is completely Interrupted on the road
under consideration, find the stop-and-go
adjusiment factor for automobiles from
Table 3. Enter this value in column 9 on
Workshaet C,

fapled
Distance rom NAL Automehile
1o Stop Sign Silop-and-Go
InFeat Adjustmant Factor

0 0.10
100 0.25
200 0.40

DD 0.55
400 0.70

00 0.85
€00 1.00
Avarage Trallic Speed:

Ifthe average automcebile speed is other than
55 mph, enter the appropriate adjusiment
from Tabte 4 In column 10 of Worksheet C.

Table 4
Avorage Auto Spaed
Tralfic Spaed Adjustmant Faclor
20 (mph} 0.13
25 0.21
0.30
35 0.40
40 0.53
45 p.67
50 0.83
55 1.00
60 1.19
85 1.40
70 1.62

Example8: Road No. 1 meets the four condi-
tions that allow for an Immaediate evaluation.
in obtaining the information necessary for
this evaluation, it was found that the auto-
mobile ADT is 18,008 vehicles {Line 5cof
Worksheat C). On Workchart 1 we locate on
the veriical scale tha point raprasenting
18,000 and an the horizontal scala the point
reprasenting 339 feat (ses Figurs 5), (Note
that we must estimata the location of this
point.) Using a straight-adge wadrawlinesto
connect these two values and find that the
NAL exposure to automabile noise from this
roadis a DNL of 58dB, as read from the scale
at the {op of the graph.

Example 7;: Road No. 2 has a stop sign at390
feet from NAL No, 2. The automaobile ADT is
reported as being 32,500 vehicles {line Sc of
Warksheat C). From Table 3 wa Interpolata
between 300 and 400 faet to find the adjust-
meni faclor for stop-and-go tratfic o be 0.68,
The adjusted traflic ADT is

0.69 x 32,500 = 22,425 vahicles per day

and with an effective distance of 174 fee!
from NAL No, 2, wa find from Workchart 1
{hat Ihe approximate vatua of DNL Is 64 dB.
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Example 8: Supposa that the stop sign on
Road No. 2 wate replaced by a traffic signal
for which no stop-and-go adjusimant is made
and that the ADT increases to 75,000
vehicles. In addition, assume that the aver-
age speed s 45 mph instead of 55 mph. You
adjust the new automobile ADT of 75,000
vehictes by the Auto Speed Adjustment
Faclor from Table 4

0.67 x 75,000 = 80,250 vehicles

and at an effective distance of 174 feet find
from Workchart 1 that the approximate value
of DNL is 67 dB.



Nightime Adjusiment,

DNL values are affected by tha proportion of
traffic voluma that eccurs during “daytime" (7
am.to 10p.m.)and "nighttime" {idpnie s
a.m.). The graph an Workchart 1 assumas
that 15 percent of the folal ADT occurs during
nighttime, If a dilferent propartion of the tratfic
occurs at night, find the appropriate nightlime
adjusiment factor from Table 5. Record your
answer in cofumn 11 of Workshest C.

Table 5

Nighttime Nightlime
Fraction Adjustment
of ADT Facior

[ 0.43
0.01 046
0.02 0.50
(.05 0.62
0,10 0.81

0.15 1.00
0,20 t.19
0.25 1.38
030 157
035 177
0.40 1.96
0,45 2.15
0.50 2.34

Once you have selected all the appropriate
adjustment factors and entered them on
page 2 of Workshget C, multiply all the
factors together, then multiply by the auto-
mobile ADT (column 12} for 24 hours, found
on page 1 of Workshaet C, The resulling
adjusted ADT should be entered in column
13, This is the ADT value lo be used, in
conjunction with the effective distance from
the NAL to the road, to find the DNL value
from Workchart 1, Enter this DNL value in
column 14 of Warksheet C, Remember this is
the DNL from automobile (as well aslight and
medium truck) nolse; you must stilf find the
DNL contribulion from heavy tnuck noise in
orderto obtainthetotal DNL produced by the
roadway you are assessing.

Attenuation of Noise by Barrers:

This adjustment redsices the nolse produced
by automobiles and frucks on the same read.
Inslruciions lorthis adjusiment appear after
the noisa assessmant {or truck traffic below.

Truck Tralflc

Wherever possible, separalo the average
daily volume of trucks into heavy trucks
{mora than 26,000 pounds vehicle weight
and three ar morg axles); medium trucks
{less than 26,000 pounds bul greater than
10,000 pounds), light trucks {counted as i
they are automabiles). You should already
have accounied for medium and light trucks
in your automobile evaluation. Do not forget
that buses that can carry mare than 15 seated
passengars ara counted as heavy trucks.
Heawvy trucks (including busas) mustbe
analyzed separately bacause they have
fuite differentnolse characteristics. Ifit is not
possible ¢ separata the trucks inta these that
are heavy andihose that are not, treat alf
lrucks as though they are “heavy."
Workchar 2, which is used to evaluate the
sile's exposure 1o heavy truck noise, was
derived with the fallowing assumptions:

s Thereisline-of-sight exposure fromthe site
to the road; i.e., thera is no barrier which
affectively shialds the sita from the road
noise.

« The road gradient is less than 2 percant.

s Thara is no stop sign (traffic signals are
permissihle) within 600 feet of the site.

« The average lruck traffic speed is 55 mph,

# The nighttima fraction of ADT Is 0,15,

1f the road meets (hese five conditions,
proceed to Workchart 2 1or an immediate
evaluation of the site's expasure lo heavy
truck noise from that road,

But:
If any of the conditions is dilferent, make the

necessary adjustment(s} listed below and
then use Workchart 2 for the evaluation.

Figure 6.
Use of Workchart 2 1o
Evatuale Hoavy Truck Nolse

Heavy Trucks {55 mph)
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Adjuatmants far Heavy Truchs
Road Gradiant:

lithere is a gradiant of 2 percent or mare, find
the apprapriate adjusimani faclor, for heavy
trucks going uphill only, as shown in Table 6.
List this factor tn column 17 of Worksheet C,

Table 6

Parcent of Agjustment
Gradiont Factor

2 14

3 1.7

4 2.0

8 23
6ormare 2.5

Exampla 9a: Road No. 3 is a limited access
highway with no stop gigns and the average
spesdis 55 mph. Current trafficdata indicata
an automobite ADT of 40,000 vehiclas of
which 15 percent goours during nighttime
howrs {10 p.m. 1o 7 a.m.). With an effactive
distance of 270 fest 1o NAL No. 2, Warkchart
1 Iz used to show that the DNL for existing
automohile traffic is betwean 63 and 64 dB.
Round off to 64 dB,

Examplo 8b: Howevar, traffic projections
eslimate that in 10 years the ADT will
increase to 100,000 vehicies al an average
speed of 55 mphand nighttime usage will
increase 1o 28 percent. For future traffic, you
must adjustthe fulure ADT of 100,000 or the
effect ofincreasad nighttime use. From Table
5, you find an adjustment factor of 1.38, The
adjusied ADT is

1.38 x 100,000 = 138,000

and at an affective distance of 270 feat you
find fram Warkchart 1 that the DNL will
Increase fo 69 dB; therefore, provision for
exira noise control measures should be
axplored. Wewillexamine In Example 13 the
affect of ferrain as a shielding barrier that
provides sound atienuation.
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Example 10: Road No. 1 on Figure 4 meets
the lour conditions that allow for an imme-
diate evaluation. The ADT for heavy truck
flow is 1200 vehicles. Workchart 2 shows that
the exposure to truck noise from this road at
an effeclive distance of 339 feel is a DNL, of
63 dB at NAL No. 1,



Average Traffic Spead:

Make this adjustment if the average speed
differs from 55 mph. If the average truck
speed ditfers with direction, treat the uphill
and downhill traffic separately. Select the
appropriate adjustment factors from Table 7
below, antering them in column 18 of Work-
sheet C,

Table7
Avarage Traffic Heavy Truck
Speed Adjustmant
PH Factor

50arless 0.8t

55 1.00

80 1,17

65 1.38

Once you have lound the speed adjust-
ment factor, you can cormnbine the uphiil and
downhiil ratfic, For uphiil fraffic, mulliply the
gradient factor limas the speed adjustment
facter timas uphill traffic volume (fruck ADT
cotumn 18) {(assuming one half {he tolal 24+
hour average numbar of trucks unless
specific information to the contrary exists}),
emering the product in calumn 20. Multiply
the speed adjustment factor for downhill
tratfic times the downhill traffic volume {iruck
ADT/2 column 18}, Add the values for uphill
and downhill traffic, entering this sum in
column 21. You may now complale the
assessment of heavy truck nolse without
regard 1o uphill and downhill traffic
separation.

Stop-and-Go Traffic:

If thera is a stop sign (remember, not & tratic
signal) within 600 leet of an NAL for the site
onthe road being assessed., find the adjust-
ment factor determined according to Table 8,
Enter it in Column 22 of Worksheet C.

Tahlo

Hoeavy Truck Heavy Truck
Tratic Volume Step-and-Go

per Day Adjustmon Facior
Legs than 1200 1.8

1201 to 2400 2.0

2401 to 4600 2.3

4801 to 9600 2.8

9601 10 19,200 3.8

More than 19,200 4.5

Nighttime Adjustment

After all the above adjustments are made, do
not forge! to adjust lor nightlime cpetrations it
they are not 15 percent of the total ADT,
using the lactors oblained irom Tabte 5 just
as for automobiles, Enter this value in column
23 of Workshaet C.

At this point, mulliply the adjustment fac-
lors tor nighitime and stop-and-go traltic
times the heavy fruck tratfic volume in
column 21 o find the adjusted heavy ruck
ADT, entering the praduct in column 24, Use
this value and the effeclive distance from \he
NAL tothe road te find the truck DNL trom
Workchart 2, enleting your answar in column
25 of Worksheet C. It no shielding barriers
are to be considered, combine the DNL from
heavy trucks with the DNL from automobiles
{cotumn 14), The result is the DNL from the
road being assessed and should be entered
on Worksheet C.

But;

If a shielding barrier fs to be considered for
the site, make the analysis described below
separately for automobiles and than far
heavy trucks before combining the DNL
values. This step Is necassary since barriers
are far more effective for automabiles than
tor heavy trucks. Once you have lound the
amount of attenuation provided by the barries
{or automaobiles, enter it in column 15. Find
the value of barrier attenuation for heavy

trucks and enler it in column 25, Subyract
thesa attenuation values iram the DNL
values obtained previously (coismns 14
and 24), entering the reduced DNL vaiues
in columns 16 and 27. Combine the
automobile and heavy truck DNL values,
raduced by lhe attenuation provided by the
barrier, to find the final DNL produced by tha
roacdway al the site.

Rememberto combine Ihe contributions to
DNL of aif roads Ihat affect the nolse environ-
ment al each NAL for the site to obtain the
total DNL from all readways. Enter this DNL
on bolh Workshest C and the summary
Worksheet A,

Attonuation of Noise by Barriers

Noise barriers are uselul for shietding sensi-
tive locations from ground level noise
sources. For axample, a barrier may be the
best way to deal wilh housing sitas at which
tha noise exposura is not acceplable be-
causa of nearby roadway traffic.

A hatrier may be lormed by the road pro-
file:, by a solid wall or embankment, by &
continyous row of noise-compatible buitdings,
or by the terrain itself. To be an effactive
shield, however, the barrigr imust block all
residential iavels from line of sight {o the
road; it must not have any gaps that would
allow noise 10 leak through,

Same Preliminary Matters:

In evaluating neise barrier performance, you
will ba working with different kinds of "dis-
tances" betwaan the sound source, the
obsarver, and the barrier.

Actual Distance - the exisling distance
that would be measured using a lape mea-
sure with no corrections or adjusiments. This
may rrtean ane of two things, depending on
the application; either the:

s slant distance ~ the actual distance,

Example 11: Read No. 2 has a stop sign al
390 feet from NAL No, 2. There s also a road
gradient of 4 percent, No heavy trucks are
allowed on this road, but a schedule shows
an average of 12large buses pass along the
road per hour between 7 a.m. and 10 p.m.,
although no buses are scheduled during the
remaining nighttime perlad, The buses are
equally divided in each direction alang the
road. (Remember large busas, those that
carty over 15 seated passengers, count as
heavy trucks.)

We find the ADT for the "heavy trucks" (the
busesinthis case} by multiplying the average
number of vehicles per hour by the number of
hours batween 7 a.m. and 10p.m. Thatls, 12
x 15 = 180, or 90 vehicles in each direction.
We lind from Table 6that the gradient adjust-

mentfacter for uphilitrafficis 2.0, We find the
truck volume adjusted for gradiant is

uphitl; 90 x2.0= 180
downhilf: = 90
total {column 21) =270vehfcles

From Table 8, we find the adjustment factor
for stop-and-go iraffic to be 1.8,

We also rememper that we have no buses
in the nighttime period and find ihe factor in
Table 5 on page 8 lor zera nighttime opera-
tions to be 0.43,

Qurlinal adjusted ADT Is (columr 24}

1.8x0.43 x 270 = 209 Vehicles

From Workchart 2, with an eflective distance
of 174 leat, we find a DNL of 59 4B,
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Example 12a: Road No, 3 Is a depressed
highway and the profile shields all rasidentia?
levels of the housing from line of sight ta the
traffic. The average truck speed Is 50 mph.
The ADT for heavy trucks is 4400 vehicles.
We adjust for average speed ({from Tabla 7}

4400 x 0.81 = 3564

and find from Workchart 2 that, with an et{eg-
five distance of 270 feet, the DNL from truck
nolse would be 62 dB if no barrier existed.
We proceed to analyze tha barrier
attenuation,



reasured along the line of sight between two
points; or the

& map distance - the actuai distance,
measured on a horizental plane, between the
two points, ason.amaporon the project plan.

For an obsgrver high in an apariment
tower, the slant distance to the road may be
much longsr than the map distance.

Barrier effoctivenessis expressedinterms
of noise attanuation in decibels (dB}, deter-
mined with the ald of Workchart 6. This
numerical value is subtracted from tho
praviously calculated DNL in order tefind the
resultant DNL at the Noise Assessmant
Location.

Note: A noise barrier canbe considered as

a means of protecting a site from nolsa even
ifitcannol wraparound the site fo shiold
from view practically all of the source ol nolse
al avery sensitive locallon on the sife. It must
b recognized, hawevar, that such a barrier
is much less effective ihan an ideal barrier,
{See Workchart 7 and Step 6 balow.)

Barriars of raasonable height cannol be
expecled to protect housing mora than a few
slories above ground level, Barriers will
generally protect the ground and the first two
orthree floors, but not tha higher floors, If
there are to he frequantly occupled balconies
on tha upper lovels, one solution is to move
the building farthar from the noise source and
{ace the sensitive areas away from the noise.

Stops to Evaluate a Barrier

1. For the ohserver's posilion, use tha mid-
haight of the highest residential level. Forthe
source position, use the lollowing heights
{sea Figure 7):

® autos, medium lrucks, railway cars - lhe
road or railway surlace helght

# heavy lrucks - 8 feet above the road
surface

¢ diesel locomolives or trains using horns or
whistles ai grade crossings ~ 15 feet above
the rails.

Figure 7.
Source Hulghts to Be
Usod In Rondway Barrler Dusigns

Source Trucks
il Barrier

Road

Autos
Barrler

Get accurate values lor the following
quantities: h, tha shortest distance irom the
barrier top to the line of sight from source lo
observer; R and D, tho slant distances along
the line of sighl frem the barrier 1o the source
and observer, raspectively (see Figure B},

Figure 0,

Generalized Geomelry
of Acoustien) Barrier
OBSEAVER h 15 THE AMOUNT BY
WHICH THE BARMIER
ANEAKE THE LINE-OF-SIOHT

LINE-OF -SIGHT Fom
OUSERVER TO SOURCE

R+D 13 THE SLANT DITANCE
FROM SOUNCE TO ODSERVER |7

30URCE
DARMIER

Specifically, Rand D ara the iwo segments
into which hbreaks the line of sight, Note that
his not the haight of lhe barrier above tha
ground but the distance from the barrier top
to the line of sight. !

2. Enter at the top of Workchart 6 with tha
value of honthe left-hand scale; mova right
to intersect the curve corresponding to R {or
D, whicheveris smaller).

3. Move down ta intersect the curve corre-
sponding 1o the value of D/R (or R/D, which-
ever is smalier).

4, Move right ta intersect tho vertical scale in
order (o find the batrier shielding value A In
decibels.

5. Interruption of the line of sight with a barrier
batwaen the noise source and an observer
reduces the amount of sound attenuation
provided by the ground. Find the amount of
this loss B from the table on Workehan 6 by
entering the 1able with the value of D/R. Find
the barrier attenvation valua S correspond-
ing lo an ideal barrier that complotely hides
the noise source from view by subtracting B
from the valua of A obtained in Step 4,

6. If tha barrier exisls along only a par of the
road so that unshielded sections of the road
would be visible from the site, the barrier is
less ellective than an ideal barrier, On a plan
view of the site, locate tha two ends of the
barrier and draw linas from these points to
the Noise Assessment Location. Use a pro-
tractor to measure the angle formed at the
NAL by the twa lines. Enter the horizonlal
scale of Workchart 7 with the values of this
angle; read up to the curve having the valug
of S determined from Step 5 (interpolating if
necessary}; read left across to the verical
scalelabeled "actual barrler performance” to
tind the value of FS to use for the aclual
barrier in question.

7. Subtract the barrier attenuation value S (or
FS it adjusted for finile barrier length accord-
ing to Workchart 7) from the value of DNL
praviously determined to reavaluate the site
with the noise barrier in place.

10

Exampla 12b; (Reler fo Figure 8.) Six slories
ara planned for the housing where the sile
has an glevalion of 130 feel. The effective
alevation for tho highest story is found by
multiplying the number of slaries by 10 (eet,
adding the site elevation, and subtracting 5
feet.

6> 10) + 130 - 5 = 185 feet

The barrier, which in Ihis case is formed by
the road pralile, has no "height" other than
the elevation of the natural terrain above the
noise sources travaling an the roadway. The
imporiant dimensions ara indicated in
Figure 9,

568

Some people with a technical background
will be able to til the gacmelric diagram e the
site situation readily, working from the project
drawings and a scratch sheet,

But ilyou are net conlident of your goom-
elry, Workchart 5 gels youthevaluesofR, D,
and hfromihe mapdistances and elevations
of the sile. We.illustrate that procedure in this
example,

First, anter the elevalions of the source (8),
the observer (Q), and the top of the barsier (H),
as well as the map distances from the barrier
tothe source {(R') and cbserver (D), attho lop
right of Workehart 5. Then, follow the sieps
onthat Workehart 1o derive thevalues ofh, R,
and D that are needed in using Workchan 6.

Entering Warkchari 6 at the upper leff wilh
the valua ot h (5.5 feet), we move horizontally
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to the right until we meel the value of Ror D,
whichever is smalter: in this example, R = 62
feel. From that point we drop vertically dawn-
ward until we meet the value of R/D ar D/R,
whichever is smallar: in this case, R/D =
0.29, From that paint, move horizantally to
the right to find the value for A = 9dB, Enter-
ing Ihe table for determining loss of ground
attenuation etecl due to the barrier with a
value for D/A o1 3.5, the reduction In
attenuatian (B} s found to be 3 dB,
Substracting 3 d8 irom 9 dB provides a net
attenualion of 6 dB, Wilth & ¢B of atienuation,
the criginat DNL of 69 dB (Example 12a} is
reduced to 63 dB.

Exnmpla 13: An allernative approach, which
is somewhat more direct, is lllustrated here
for the noise of automohiles on Road No. 3,

Apreliminary step is to make an accurately
scailed sketch ol the general geomelry
introduced on page 8. It must include the
positions of the source {this time al the road
surface), the observar, and the top of the
barriet; and will show the distancas b, R, and
D. Such a skeich is shown superimpeosed on
tha profile of the road and ils nelghborhcod
In Figure 12,

59

!fwe carelully scale the dimanslons
directly from this sketch, we find the following
valuos forh, B, and D:

R=63 oot
AID=03

D=214 faet
h=11last

The barrier attanuation is found, by enter-
ing Warkehart 6 with these values, lo be
A=12dB, Itis larger than that found
for trucks because the noise source Is lower
and is, therefora, batter shielded by the
barrier, The loss from ground atenuation is

againB=3dBforanetattenuationof 12-3 =

9 dB. In Example b, we found that the DNL

11



Figura 12,
Sketch Showing Dimengions for Example 13
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for the projectad traffic valume of 100,000
vehicles per day was 86 dB if no considera-
tion was given the shiekling pravided by the
tarrain, Subltracting the 9¢B altenuationfrom
69, wa find the partial DNL lor automabllas is
60dB.

[norder to find the combined truck and
automabile noise for Road No. 3, we com-
bine the 63 dB of truck hoisa with the 60 dB of
automotile noise using Table 1. Wa lind that
1.8 should be addedto 63 dB, for a combinad
DNL. of 84.8 dB, or 65 df when rounded to
the nearest whole numbaer.

12

Exampto 14: Where no natural barrier exists,
Workchart 6 can be used In reversa lo esti-
mata the height of a barrier neaded to obtain
a required attenuation, (n example 9b we
faund that, without any attenuation from ter.
rain or a barrier, the automabile traffic pro-
duced a DNL of 69 dB, and in Example 12a
Ihe heavy truck traffic produced a DNL of 69
d8, When combined, the total DNL s 72 4B,
Suppose lhe terrain were not rising between
NAL and Road Mo, 3, as shown in Figure 12,
but instead was level batwaen the NAL and
Ihe edga of the road, as shown in Figura 13.
We wantiofind out how high awall, infiniter in
length, would be required at the adge of the
road to reduce the combined truck and auto-
maohlle noise to lass than 65 dB. We have
found in the previous examples that a barrier

a0

of a given height will provide mare attenua-
tionfor automabiles than it will for trucks. As a
first step in aur analysis, we will find the
heighl af a wall that will reduce the truck
noise to just below 65 dB, say 64 dB, and then
find out whether the additional attepuation it
provides for automobile noise will be sufhi-
cient to reduce Ihe combined truck and
automobhile noise lo less than B85 dB. We
bagin by finding the height of wall that witl
provide 5 dB altenuation for truck noise.

Wa estimate that the ratio of R/D is aboul
the same as R'/D', the ralio of horizontal
distance in Figure 13, which is equal to 0.29,
Betare entering Workchar 6, wa find from the
loss of ground attenwation table that for B/R
= 3.4 wa will Jose 3 dB altenuation from an
ideal barrier, In arder lo have a nel altenua-



Fligure 13,
Skatch Showing Dimenslons lor Example 14
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tion of 5 dB, we must have an Ideal barrier
that provides 5 + 3 = 8dB aflsnuation.

Entaring Workechart 6 on thefight side
scale A at 8 decibels, we move across to the
diagonal lines, finding 0.29 by Interpolating
between the lines marked at0.2and 0.5,
Moving directly upto a paint midway betwaen
the R lines of 50 and 70, we find our esti-
mated B of approximately 60, Moving across
to the left we find that the line of sight
between the observar and tha lruck source
height must be broken by a valus of h equal
to 4.5 {est.

Wa can datermine tha heighl al the wall H
in several ways. By drawingh=4.5fest to
scale on Figure 13, we canscalpthe total wall
haight H to be approximately 20 feet. Those
who leel comifortable with goometry can

caleulate H by using the similar triangle rala-
tionships in Figure 13 to delermine that His
19,1 fest.

Now we must find how much a wall 19 leel
high will attenuate automobile noise,
ramambering that the source height for
aulomaobiles is at the road surface elevaltion
of 125 leel, By scaling the drawing, or by
gaotnelry, we delerrine that the line of sight
batwaen the observer position and the auto-
mabile source is broken by a value of hthat is
approximately 13 feet, Entering Warkchart
6 at 13 teel we find, for R=60 feet and
R/D=0.29, that the polential barrier aftenu-
ation is 12dB3, We must reduce thisby 3 dB8
for loss of ground attenualionta find the
actual shielding ol automobile noise to be 8

o1

dB. The original 69 dB of automobile noise is
reduced 1o 69 - 9 = 60 dB,

Finally, wa combine the heavy lruck nolss,
attenuated by the wall to 69 - 5 = 64 dB, with
the automaobile noise reduced to 60 dB, 1o
find a combined DNL of 65.5 dB, or 66 dB
when rounded upward, Remember, how-
ever, that this is for an infinite wall, Further
adjustments would have to be made oncethe
actual length was known,

13




Rallwoys

Necosaary Information

To evaluate a site's exposure to rallway
neise, you will need to consider all rapid
transitlines and railroads within 3000 feet of
the sile (except totally coverad subways),
The information ragquired for this evaluationis
listed below under headings thatindicate the
most likely source.

Belore beginning the evaluation, you
should record the fellowing Information on
Workshest D:

From the area map and/or the (County)
Engineer:

» Tha distance from the appropriale NAL on
the site to the center of the railway track
carrying most of the traffic.

From the Supervisor of Cuslomer Relations
for the railway:

# The number of diesel frains and lhe
number of electrified trains in holh directions
during an average 24-hour day.

& Tha fraciion of traing that operala during
nighttime (10 p.m. - 7 a,m.} lthis isunkrown,
assume 0.15,

- # Theaverage number of diesel locomolives

per train. i this is unknown, assume 2,

s The average number of railway cars per
diesel rain and per alactrified train. If this is
unknown, assume 50 for die=e! trains and 8
for electrilied trains.

s The average train speed. |Hhisis un-
known, assume 30 mph.

# |s1ihe track made from weldad of bolted
rails?

From the Engineering Department of the
railway:

& Is the site near a grade crossing that re-
quires prolonged use of the train's horn or
whistle? if so, where are the whislle posis
localed? (Whistle posts are signposis which

lell the engineer to start blowing the hornor
whistle, Evary grade crossing has whisile
posts and they are listed on the rallroad's
“track chans," It traffic on the track is one-
way, there will be only one whistle post. The
grada crossing itsall is the other "whislle
post.”

Electritied rapid transil and commuter irains
that da not use diesel engines should be
traated the samo as railway cars.

Note: Buildings closer than 100festloa
raliroad track are often subject to axcessive
vibration fransmitted through the ground,
Construclion at such sites is discouraged,

Evaluation of Site Exposure to
Railway Noise

Railway noise is produced by the combina-
lion of diesel engine naise and railway car
noise. These Guidelines provida for the
separate evaluation of diesel locomatives
and railroad cars, and then the combination
of the twa, in order to abtain the DNL from
trains. When rapid transit or electrified trains
that do nol use diesel engines are tha anly
trains passing near a site ga directly to the
second part of 1he evaluation since Ihese
Irains are Ireated in tha same manner as
railway cars,

Diesel Locomotives

Workcharl 3 was derived with the (ollowing
assumptions;

s A clear ling of sight exists between the
railway track and the Noise Assessment
Location.

* There are lwo diesetipcomolives parrain.
s The average lrain speed is 3¢ mph.

s Nighttime operations are 0.15 ol the 24-
hour total.

* The sile is not near a grade crossing re-

quiring prolonged use of the train's horn or
whistla,

Il the situation meets Ihese conditions,
proceed to Workchart 3 for an immadiala
evitlualion of diusel locomative nalse,

But:

If any of the canditions is difterent, make the
nacessary adjustments listad below andthen
usa Workchar 3 for lha svaluation.

Flgure 14.
Uso ol Waorkchart 3 to Evaluate Diesol
Locomotive Noise
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Adjustments for Diesel Locomotives
Number of Lacomotives:

Il ihe average number of diesel locomotives
per {rain is not 2, divide the average number
by 2. Enter this value in column 9 of Work-
sheet D,

Example 15a: The distance from NAL num-
bar 1 1o Railway Number 1 is 3391eet, Two
percant of the 35 daily operations occur at
night; there is clear line of sight between the
tracks and the NAL, and no horns or whistles
are used. No information is availabla an train
size or spesd, therelore we will assuma 2
engines per train and a speed of 30 mph,
Since the percentage of nighttime apera-
tions is diffarent from 15 percent, we must
adjust the actual number of dally operations,
multiplying by 0,50 according lo Table 5.

0.50x35=17.5=18

Entering Workchart 3 with 16 daily opara-
tions and a distance of 339 feet, we find that

14

the contribution of diesel engine noisais a
DNL of 59 ¢B (see Figurg 14).

In ordar to find the lotal contribution of the
trains to the total DNL, we must alse find the
noise leval produced by tha train's cars.
EnteringWaorkchar 4 (see Figure 15} with 18
daily operalions and a distance of 338 eet,
we find the DNL is below 50 on the chan, or
more than 10 decibels lower than tha noise
level produced by the engines, Based on the
chart for dacibel addition, the cambination of
the noise from the engines and the cars
adds less than 0.5 decibels to the DNL value
for the engines alana, 59 dB.

62

Exnmple 15b; Suppose that a forecast of
traun operations lor Aalway 1 indicales

that there will still ba 35 trains per day, but
now 50 percent of Ihe operations will occur at
night, the average train will have 4 engines
and 75 cars, and the average speed will he
50 mph.

Wa first find the contribution to DNL made
by diesal locomatives by using the (ollowing
adjustment lactors:

* number of engines adjustmant; 2
+ speed adjustment: 0.60
* day/night adjustiment: 2.34

We multiply thase adjustments together

wilh the nuinber of trains:

2X0.60 X234 X350 = 50

Enfering Warkchart 3 (see Figure 14) with
98 daily operations and a distance of 339




Average Traln Speed:

Ilthe average train speed is different from 30
mph, find lhe appropriate adjustment factor
from Table 9 and list in colummn 10 of Work-
sheet D.

Tabled

Speed
Average Spoed Adjustment
{mph} Factor
10 3,00
20 1,50
ao 1.00
40 0.75
50 0.60
60 0.50
70 0.43
Horns or Whistles:

Ifthe NAL is perpendicular to any point on the
track betweenthe whistle posts lorthe
grade crossing, enter the number 10in
column 11, Worksheet D,

Nighttima Adjustmont:

Remember to adjust tor nightime cperations,
if dilteren) Irom 0.15 of the total, by selecting
the appropriate adjustmant factor from Table
5 on page 8, Enler in column 12,

Worksheat D,

Multiply the adjustment factors together,
times the number of diesol trains per day (you
hava listed this number previously online 2a,
page 1, of Worksheel D, and should enter
this number again in column 13} lo oblain the
adjusted number of trains per day. Enter the
adjustad number of dlesel trains per day in
column 14, Usethis value, in conjunclion wilh
the distance fromthe NALto the irack (line 1,
page 1, of Worksheat D), to find from Work-
chart 3 the DNL produced by diasel lccomo-
tivas, List In column 15 of Workshest D.

Railway Cars and Rapid Transit Syatems

Workchar 4 was derived with the following
assumptions:

s Aclaarlinn of sight exists between the
railway and the NAL.

* Thera ara 50 cars per {eain,

* The avorage train spead is 30 mph,

+ Nighttime operations are .15 of the 24-
hour total,

* Rails are wolded together,

11 tho situation meets these condilions,
proceed to Workchart 4 {or an immediate
evaluation of railway car noise. Agaln, if any
of the conditions is differant, make the neces-
sary adjusimenis listed below and then use
Workchart 4 ler the evalualion,

Figure 15,
Use of Workehart 4 to Evaluate Raillway Car
Noise
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Adjustments for Rollway Cars nnd Rapid
Transit Trains

Number of Cars:

Civide llw average number of cars by 20 and
enler this number in colurnn 18 of
Woerkchart ©.

Average Speed:

Make this adjusiment, il {he average speed is
not 30 mph, by sefecting the apprapriale
value from Table 10, entering it in column 19
of Worksheet D,

Table 10
Speed
Avarage Spoed Adjustment
{mph) Factor
10 o1
20 n44
30 1.00
40 1.78
50 a7
60 4.00
70 5.44
80 7.1
90 9.00
100 1.1
Bolted Rails;

Enter the number 4 in column 20 of Work-
shest D.

Nighttime Adjustment:

Enter the appropriate adjustment factor from
Table 5 incolumn 21 of Worksheet D.

{eet, we find that lhe site has an engine noise
contribution to DNL of 66 dB.

We next obtain lhe adjusiment factors for
tha noise produced by tha cars:
& number of cars adjustment: 1.50
s speed adjusiment: 2.78
& day/night adjustmenl: 2.34

Multipiying the adjustment faclors times
the average daily number of trains:

1.6X2.78 X234 X35 = 342

Entering Workchart 4 (see Figure 15) with
342 operations and a distance of 338 fest, we
find the contribution of the cars ta the DNL is
60dB, Using Table 1 for combining levels, wa
find that the 6 dB dillerence between engine
noise at 66 and car noise at 60 gives a com-
bined ONL of 67 d for these trains,

Exampla 18; The distance from NAL number
2to Rai'road Number 2 is 550 feet; there are
100 operations per day, of which 30 percent
ocecur at night, A clear line of sight exisls
batween Ihe site and the raitroad, and no
horns or whislles are used nearby. An
average train on his track uses 4 engines,
has 100 cars, the average speed Is 40 miles
per hour, and the track has bolted, not
welded, rails,

Wae first tind the adjustment factars for the
diosel engines:
» number ofengines adjustment; 2
» speed adjustiment: 0,75
& day/nightadjustment: 1,57

Multiplying the adjustments togeather,
times the number of trains:

2X0.75 X1.57 X 100 = 236

63

Entering Workehart 3 {see Figure 14) with
236 operalions a! a dislance of 550 fest, we
lind the DNL contribution from engine noise
fobe 67 dB,

Next wa lind the adjustment factors for the
rallroad cars:
& number of cars adjustment: 2
* spead adjusiment: 1.78
+ bolted track adjustment: 4
& day/night adjustment; 1,57

Multiplying the adjusiments together,
times the number of trains:

2X1.78X4X1.57 X 100 = 2236
Entering Workchart 4 (sea Figure 15) with

{Comiinued next page} 15
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Figure 10,
Sketch Showing Dimonslons for Examplo 10

Figure 17,
Uno of Warkchart 8in Examplo 16
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2236 operations at a distance of 550 feet, we
find the DNL contribution from the railroad
cars lo be 85 dB, Combining the engine
sound levets with the car sound levels we find
the total DNL from the trains lo be 69dB,
Itwould be possible lo ersct a 20-lcat noise
barrier, running parallel to the track at a dis-
tance of 50 feet; it could start at Road Num-
ber 2 and run 900 leel norh toward the alr-
pori, asshown in Figura 16, Both the railroad
track and the graund lavel althe barrier loca-
tion are at an elavation of 160 leet. Thus, we
have the following values with which to calcu-
late the polential reduction in engine nolse
(using Workchar 5), (Pecausa the distances
Invelved are so unaqual, this situation doas

18

not lend itself to direct scaling of the
distances.)

H = 780 fest (20" above the ground)
S = 175 leot (15" abova the lrack, ses
page 19)
0 = 285 leet (from Example 11 intha section
on roadway holsa)
A’ = 50 fest
D' = 500 fest
Wa tind from Worksheet § hat Ihe values
of A and D are no dilferent (within the accu-
racy of the calculation) from R’ and D', a
situation that will always occur when the
ditferences in elavation are so much smaller

than the distances from the site to the noise
source. The value othis 4 teat; R/D = 01

64

We can now use these numbers to anter
Workchart 6 to find the potential barrier per-
formanca (that s, the barrier adjustmeant
lactor that would apply in the case of an in-
finitely long barrier). Entering Workchart 6 at
h = 4 feet, with R/D = 0.1, we find the basic
altenuation of the barrier to be 7.5 dB, How-
aver, wilhD/R = 10, we find fromthe table of
loss-of-ground-afiect altenualion that we
must subltract 4 dB from the 7.5, or a net
alfect of 3.5 dB, Howaver, the siluation is
evan worse, since the barrier is finite in
length,

To find the actual attenuation for this finite
batrier, we must first find the angle sub-
tended by lhe barrier to the NAL. Relerring
1o Figure 16, we draw lines from the
NAL each end of the barrier. With
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a protraclor we measure the angle belween
the two lines to be 77 degraes. Locate the
curve on Workchart 7 corrasponding to the
potential barrier attenuation of 3.5 d8; it lies
midway betwoen the two lowast curves (see
Figure 18}, Tha point an this curve corre-
sponding to a sublended angle of 77 degrees
indicates that the actual barrier psriormance
would be onty 1,5 dB, With only 1.5 db of
altenuation, the barrier is clearly not cost-
gifactive, In order to achieve a usable
attenuation from the barrier, it would have to
be extended bayond the other side of Road

Number 2 to obfain a larger subtended angle,

This exlensian, however, would still not be
cost-sffeclive unless the height of the barrier
were Increased substantially,
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Summary of Adjustmant Factors

Combination of Sound Lovals

Tablo 1
Ditference in Addlo
Sound Level Larger Level

o] a0

1 25

2 al

3 1.8

4 1.5

5 1.2

B 1.0

7 08

8 0.6

2] 127
10 04
12 [t }]
14 0.2
18 ot
groatar than 16 0.
Alreratt

Tablo2 DNL Outnide 65 d8 Contour

D1 =dlgtance from 65 dB conlour to llight paih

D2=dislanco from site lo igh path

D2 DNL

1] dB

1.0 65

112 64

1.28 63

1.41 682

1.58 61

1.78 60

2,00 58

2.24 58

2.51 57

282 56

3.18 55

Automoblio Trattic

Tabled Stop-and-go

Distance rom Site Autemobile

|o Stop Sign Stop-and-go

faot Adjusiment Factor
0 0.0

100 0.25

200 040

300 0.55

400 0,70

500 0.85

600 1.00

Tabled Avoruge Tratfic Spood

Average
Traffic Speed

20 {mph
25[9)

18

Adjustment Factlor

Table 5 Nighltinw {upplies to ail sources) -

Nighttima Nighitime
Fraction Adjusimont
of ADT Factor

1} 0,43
.01 0,46
0.02 0,50
0,05 0.62
0.10 0.81
0.16 1,00
0.20 1.19
025 1.38
0.30 1.67
0.35 1.78
040 1,95
.45 2,15
0.50 2,34
Modlum Truchks

{less than 26,000 pounds, greater than
10,000 pounds)

Muliiply adjusied aulomobile traflic by 10,

Hoovy Trucks

Table 6 Road Qradient
Parcant of

Adjustmen

Gradignl

Factor

2

Lo o
NN

3
4
5
Bormare

Tablo7 Average Speed

Averadqa Tratlic Truck Speed
Spaer Adjustmant
{mph} Factor

S0 or less 0.81

55 1.00

B0 1.7

65 1.38

‘i’nb[nﬂ Stop-and-fjo

Heavy Truck Heavy Truck
Tratlic Voleme Stop-and-Go

por Day Adjustment Factor
Lessthan 1200 1

1201 to 2400 2.0

2401 to 4800 23

4801 (o 6600 28

9601 10 19,200 3.8

More than 19,200 4.5

66

Rallroads - Dlosot Engines

Numbor of Englnes per Train
Thie number of sngines divided by 2.

Table @ Averago Traln Spood o

Speead
Average Spaad Adjualment
[mph) Factor
10 3.00
20 1.50
30 1.00
40 0.75
50 0.60
60 0.50
70 0.43

Whistien or horna
Multipty numbar of trains by 10,

Rollronds - Cors and Rapid Transit

Numbore of cara.
Number oi cars per train divided by 50,

ﬂ:;lo 10 Av;;;l—ga Traln Spood

Spead
Average Speed Adjusimant
{mph) Factor
10 0.1
20 0.44
30 1.00
A0 1,70
50 2.78
60 4.00
70 5.44
BO 7.1
90 9.00
100 1111
Bolted Rails
Multiply number ol irains by 4,
Whisiles or Horns

Mulliply number ol trains by 100,



Workchart 1
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Workchart 3

Railroads - Diesel Locomotives
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Raillroads - Cars and Rapid Transit

Workchart 4

55

60
LAt A A A T

65

70

75

DNL

T,

wﬂufﬁ I Ye s e I ST e N (A re ey B NN TR
+ } B En s FH . I N = - . -
TR HH K it b
S 4k ik Ik
L HelH i
XTI B _
s3as I :
)+ - I

I
o

PR B

(ar

el kasal peh

R R e

i

BRIt RS
I PP e

iy

T
.

A v v h T ba el
. T
[

[}

LAY AV Q8 ALY AP

N A7 AN AR LD T T
A A A

4

|

O A A AR

Tt

!
[

—Acceptable |

1

V7 A A AT

ErAriD

I
p04

i
—r

T
1Y

2 A AL

)

BT AT ars

VA A

ETHEDE O

AL

£V 42T AV iV AV AT AT ET AT AY.

o A7

WA T ALY T
1Y BP 3§ dF
gl
il

TH

i T

it

VA1

lzp‘.:‘-'wi--‘
! ] S

' T
r

AT A ST T 7

M 5
= S
- N
= T - iy NN
N 7T - « P %]
qulﬁ¢/. .ﬂ'yh:a,.l&-r S NS
Bl L Sy oo b : iiurlﬂm fi.v.hl.l“.lnh. Y S ™~ nlm: rﬁ :
'WHHI..lIi. S .nr. : ] - . e . X o .,Jff.r a.vuff.ﬁ S el B 2 N 2 o B
i e B et : o= ] 21 o Rl R L St o et eteaie Syt I ot S
b QR 5 oh — RN i, — ﬁl R — ../Jmlr
T 22 IO W S T R Bt e N A e R
o Rill il SSn S SRR R R S NI
S RS S R S R R T e SN
odi b \ . a S ; AN R V. S
S O b i : _ NG SN
e QT g SN RS
ot S S anE
b O St 2R I e A DL M L A
BE @ NERET SIS
Sag e Bt o ERSRT R S TEhIG G oo ..” -.lh AN B R
nm,anU, R EE IO ..W.lﬂrﬂpr JMN.W/M/MHJ
T3 e I e - 2 N S B " el RE TS w Rt eyt i K Woaukin Fop ey G
grErg g s sy 1N TR o] Iyt Ea i

1000 2000 4000 6000 10,000

400 400
Effective Distance (ft)

200

60 80100

10,000

8000

6000

Q o o o
(=]

1000
0
0
0
100
8
40

suonedQ 30 1Iquny Aneq abessay

40

22

70



15, Ling 3 minusline 4

[3

Workchart 5 Enter the values for:
Nolse Barrler
To lind R, D and h from Sito Elevations H= A=
and Distancos
S= D=

Fill out the following worksheat
{all quantities are in fgel); o=
1. Elevation of barrier top minus elevation ol source [ H ] -
2. Elavation of ohsarver minus elevation of source [0 ] —
3. Map distance batwean source and observer (R' + D')
4. Map distance between barrigr and source (R'}
5. Line 2 divided by line 3 [2 ]+
6. Squara the guantity online 5 (f.e., multiply it by itself); [ 5 ] X

always posilive
7. 40% of line 6 [ 0.4 ] x
8, Oneminusline 7 [ 1.0 ] -
9, Line 5timesline 4 (will be negative ifline 2 lanegative) [ § ] x
10, Line 1 minus lina 8 [ 1 ] —
11. Line 10 times lino 8 [10 ] 5
12, Lina 5 times ling 10 [ 5 ] X
13, Lina 4 divided by ling 8 [ 4 ] =
14. Line 13 plus line 12 [13 ] +

18, Line 15 divided by line 8
17. Line 16 minus line 12

[Note: the vaiue on lino 2 may be negative, in

[15
[16

which case so will the values onlines 54, and 12;  beris tha same as sublracting:
line 1 may also be negative. Remembar, than, in % +{~y)=x-y. And subiracting anegative number is
like gading: x.(-y)=x+y,

[l

[

[3
[5
[6
[7
[¢
[9
(e
[10
[8
[2
[4
[8
[12

lines 18, 14, and 17, that adding a negative num-

N

i

= [‘2
= [13
[14

= [15
1= [0
1= [

]

e L e T e R e N N S A
I
—
-
[=]

'éésizh\'rE'r_c'

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

e

Round off R and D 1o naarest inlager, h (o ane
decirmal place,

ELEWSTIONS

23



Workchart6
Mogise Bartier
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~ THE PREVIOUS DOCUMENT(S)
~ MAY HAVE BEEN FILMED
- INCORRECTLY ...
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Workchart 6
Noise Barrier
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Workchart 7

FS
GLY
R
[ BARRIER 5=20dB
. L]
BARRIER 15
- a— - ﬂ
141 \\ //
| T
12 } /
10 / 10

ACTUAL BARRIER PERFORMANCE, FS IN DECIBELS
I

N

||z

g™

\

0 .
20 40 &0 80 100 120 140 140 180 200

ANGLE,a, SUBTENDED BY BARRIER AT
OBSERVER'S LOCATION

Correction tobe applied tobarrier potentialin order to find the actual
performance of the barrier of the same construction but of finite
length.
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Worksheet A
Sito Evaluation

Nolso Assosamant Quidelinos

Slte Locatlon

Program

Project Narme

Locality

File Numbar

Sponsor's Nama

Phone

Stroat Addrass

City, State

Accaptatillity
Category DML

Predicted for
Oporatlons in Yoar

1, Roadway Nolso

2. Alrcraft Noisp

-3, Raliway Nolso

Value of DN {or all noise soutces: (see page 3for
combination procedure)

Flnal Slte Evalualion (cltcla ona)
Accaplable
Normally Unacesptable

Unaccepiable

Date

Slgnature

Clip thia worksheet ta tho topof a package
cohtaining Wothaheols B-E and Worksharts 1-7
that ara used in the site evaluations

28

74



Slgned

Waorltisheot B
Alrcraft Nolse

Holse Asseasmont Guldallhos

Liat all airports wilhin 15 miles of the site:

1.

2,

a,

Nocansary Information: Mrport1 Alrport2

1. Are DNL, NEF or CNR cantours avallable?

Alrport 3

{yas/np)
2, Any suparsonic alreralt oporationa?

(yes/no)
3, Estimating approximate contours from Figure 3;

a, number of nightlimy jol operations

~ b, number of daytima jet operations

¢. olfective number ol oparations

{10times a + b}
d, distance A fer 8508

70dB

7548

. distance B for 6548

7048

75 db

>

Estimating DNL from Tablo 2;

a. dislance from 65 dB conlour to

flight path, D1
b, distance from NAL to flight

path, D2
¢, D divided by D1

d. DNL

5, Oporatlons projected lor what year?

8. Tatal DNL from all alrports

Dato

75

27




WorkeheotC Pago1
Roadway Nolso

Nolese Assousment Guldolinea

List alt major roads within 1000 leel of the site:

1.

2,

3.

4,

Necassary Intormation Road 1

1. Distance in feot irom the NAL to
hs adge of the rood

Aoad 2

Road 3

Aoad 4

a. nearostjana

b. farthest lane

¢. average (ofoclive distance)

2, Distance to stop aign

3, Road gradient in parcant

4, Averagjo Spoed ih mph

o, Autormotiles

b, heavy trucks - uphill

c. hoavy trucks - downhill

£, 24 hour averago Nurnber of automobiles
and mediym trucks in bolh diractions (ADT})

a. oulomobiles

b. medium trucks

¢. offective ADT (a + (10xh))

6. 24 hour average nurnber of hedvy trucks

a. uphifl

b, downhill

¢, total

7. Fraction of nightlime Iralfic {10 p.m. to 7a.m,)

8. Tratiic projectad for what year?

28
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Worksheot C Page 2 Nolao Assessment Guidalinea
Roadway Nolso
Adfuatmants for Automaobila Trafile
2] 10 11 12 13 14 15 16
Sto Avag?a Night- Auta .
and-go Spe Tirne ADT Adjusted DNL Barriar Partial
Tabla 3 Table 4 Tables5 (line 5¢) Auto ADT {Woarkchart 1)  Attenuation DNL
Road No. 1 X X x - - =
Road No. 2 X X X = - -
Road Na, 3 X X X - - =
Road No. 4 X x b = - -
Adjuatmenta for Heavy Truck Trallic
17 18 18 20 21 22 23 24 25 26 27
Average Truck Sto Night- Adjusted DL
Gradienl Spe ADT and-go Tima Truck (Work- Barrier Partlal
Table 6 Tabla? ~2 Table B Table § ADT chart 2) Atin. DN
Uphil X X =
Road No. 1 Add X = - =
Downhilt X =
Uphill X X a
%ond No.2 Add X = - =
Dawnhill X =
Uphill X X =
%oad No.3 Add X = - @
Dowahill X =
Uphin X X =
%aad No. 4 Add . X = - &
Downhill X =
Combinod Automobilo & Hoavy Truck DNL
Total DNL for
Road No. 1 Road No. 2 Road No, 3 RoadMNo. 4. AlRoads
Signature Date

77
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T ek e L e, Ly L

Worksheat D Page 1
Rallway Nolae

Noiso Aasogamont Guidetines

List All Railways within 3000 feel of tha sile:

1.

2,

3,

Necooaary Information: Raltway No. 1

Rallway Ro. 2

Raliway No. 3

1. Dislanca in leet framtha NAL to the railway teack:

2. Number af trains in 24 hours:

a. diess| -

b. etectrilied

3, Fraclion of operalions eccuring at night

(10p.m, -~ 7a.m.);

. Number ol diesel locometives per train;

3

., Number of rail cars per iain:

L&)

4. dieseltralng e e e

b. eleclrified fraing O,

6, Averago train speed; .

7. 1sirack welded or bolted? e

lor grade crossings?

30

. Are whistles or horns requined [

18
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Waorksheet D Page 2
Railway Noise

Nolae Assessmont Guidolines

Adjustments for Diogel Locomolives

NQ ' 10 " 12 13 14 t5 16 17
0. O Average Night- No, of
Locomatives  Spe Harns time Trains Adi.No.  DNL Battier Partial
2 Table § [onter 10)  Table 5 (ling 2a) of Opns. Workchan 3 Attn, DNL
Railway No. 1 X X X - =
Rallway No, 2 X X X - a
Railway No. 3 X X X - =
Adjustments for Railway Cars ar Ropid Transit Tralna
18 19 20 21 22 23 24 25 26
Number Average  Balled Night- No, of DNL
of cars Speo Rails lime Trains (Line Adj, No, Work- Barrlar Partial
50 Table 16 (enterd})  Table s 2aor2n) ofOpns,  chatd Afin, DNL
Raliway No. 1 X X X - =
Railway No. 2 X X X - =
Rallway No. 3 X X X - =
Combinod Lacomolive and Rallway Car DNL
RallwayNo. 1 ... RailwayNo.2 . Railway No.3 - Total DNL forall Railways

Dale.

Signaiure
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Chapter 6 Nolse Assessment Guldelines Workbook
A Workbook for the Nolse Probloms
Assessment Guidelines Probloms 1 Through 7: Gombining Sound Lavels in Docibels
Calculate the Comblned Sound Lavel for the Following Seta of Individual Lavels:
1. 87 LDN 2,83 LDN 3. 51 LON
Introduction 81 LDN 63 LDN 68 LON
Combinad — Combined Combined
The followlng problems were Levet Leval Level
prepared to glve you the opportunity 4, 62 LDN §, 67 LDN 0. 59 LON
to practice the calculations and 65 LDN 72 LON 911! tgu
procedures described in the Nolse Combined Combined
Assessment Guldelines. Because it Leval Level Comblned
is 80 rarely used, wa have not 7,73 LON Lovel
included any problems dealing with 72 LDN
the alrcraft noise procedure, 81 LON
Wae hava nol reproduced the 87 LDN
charts or tables from the Guidelines Comblned
30 you wil| need to have It at hand to Lavel
do the problams. Probloms 8 and B; Calculnting Elfoctivs Diatance
Calculate the Effective Distances for (he Following Roads:
8. Diatance In Feet from NAL to:
Near Edge of Nearest Lana 22 Foot
Far Ecge of Farthest Lono 76 Foet
Effective Distance
9. Distance in Feat from NAL for
Near £dge of Noares! Lane 80 Feeot
Far Edgo of Farthoat Lane 84 Foest

Effective Distance

Problams 10 Thraugh 16: Adjustment Faclors

List The Adjustment Factors Noecesasary for Each of the Following Sltuations and the
Numerical Value for Each AdJustment Factor.

10, A Roadway Where the Road Gradlent Is 1%, the Avetage Sponrd for Both Autos and
Trucks ts 30 MPH and the Fraction of Nighttlme Tralfic is 10%,

AdJustment Faclors Needed:

Valua of Adjustment Factors:

11, A Roadway Whara There 18 A Stop Sign 400 Fesl from (he NAL, The Gradient 18 1%,
tha Average Spesd lor Autos is 45 MPH (There Ate No Trucks) and the Fraction of
Nighttime Traltic Is 156%.

AdJusimenl Factors Needed:

Value ot Adjusimen? Factors:

8
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12, A Roadway Where the Road Gradient Is 2%, tho Average Speed for Autos |s 50 MPH
and fer Trucke (Both Uphlll and DownhHl 18 50 MPH and the Fraction af Nighttime

Tralfic Is 10%,

Adjustmani Factora Needed:

Valua of Adjustment Faclors:

13. A Railroad Where tha Fraction of Operatlons Occurring at Night 1a 30%, the Average
Train Spead Is 40 MPH, Lho Trach |s Bolled and Thera Are No Whislle Or Horhs

Requited for Grade Croasings.

Adjustment Factors Naaded:

Valua of Adjustment Factors:

14, A Rallroad Where tho Fraction of Operations Occurring at Night Is 5%, the Avoraga
Traln Spoed I8 13 MPH, the Tracks Are Weldoed and There Are No Whialles Or Horns

Required lor Grade Crossing.

Ad|ustment Factors Needad:

Value of Adjustment Factors:

15. A Railread Where tha Fraction o Oparallons Occutring at Night 18 20%, the Avarage
Traln Spoed |8 30 MPH, the Track |s Balled and No Whistles or Horna Ara Rogqulred

for Grade Crosalngs,

Adjustment Factors Neoded:

Value of Adjusimant Faclors;

82
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Prabloms 18 Through 21: Some Baslc Probloms

Calculate the Combined Noiae Lavela for Each of the Followlng Sltuations:

16. A Aeadway Where the digtance In Feat fram the NAL to the Near Edge of the Nearest

Lane |s 310 Feet, tha Diatance to the Far Edge of tha Fartheat Lane |z 358 Feat,
Thare I3 A Stop Sign 400 Faet from the NAL The Gradieni Is 1%. The Average
Mumber of Autormoblles Is 17,000, the 24 Hour Average Numbar of Medium Trucks [s
1,500, the 24 {our Average Number of Hoavy Trucks |s 400 Total, The Fraction of
Nightlime Trafilc 13 20%.

Tha Combined Nolse Level for This Roadway Is

17. A Site Exposed to Nolse from Two Roads, For Roadway Numbat 1 the Distance in

16,

2

[=]

Feat from the NAL o the Near Edge of the Nearesl Lane |8 125 Feet, Lhe Dislance to
the Far Edge of thea Farthest Lang la 233 Feot. There Is A Stop Slgn 250 Feet from
the NAL. The Gradlent s 3%. The Average Speed for Bath Aulos and Trucks |s 30

+

Tha 24 Hour Averade Nurnber of Autoa s 22,000, the 24 Hour Average Number of
Madlum Trucks s 2,000, The 24 Hour Average Numbar of Heavy Trucks 13 950 Total,
The Fraclion of Nighttime Tralfle Is 10%.

For Roadway MNurmber 2, the Distance to the Near Edge of the Nearest Lana ls 45
Feet, tha Dlstance to the Far Edge of the Farthest Lang 18 93 Feol, There I3 A Stop
Sign 100 Feet from iha NAL and tha Gradiant 1s 1%. The Average Speed for Bolh
Autos and Heavy Trucks Is 30 MPH. The 24 Hour Average Number of Automoblles fa
14,000, for Medlum Trucks 700, and for Heavy Truchs 600 Total. The Fraction of
Nightlima Trafflc 15 20%.

Tha Combined Nolse Level tor This Site Is

, A Site Exposed to Noise from Two Ralfroads, For Rallroad 1, the Dlstance in Feet

Irom the MAL to the Rallway Track I8 150 Feel. There Are 35 Dleasl Tralns Every 24

Hours, No Electrifled Trains, The Fraciion of Operatlons Cccurring at Might Is 25%.
Thara Are 3 Diesat Locornativas Per Train and 70 Cars Per Train, The Average Speed
I8 30 MPH and the Track Is Bolted. No Whistles Or Horns Ara Used,

For Hallroad 2, the Distance In Feot from the NAL 1o the Railway Track Is 310 Feet,
Thare Are 20 Diesel and 2 Electrliid Tralns Each 24 Houra, The Fraction of
Dperatlons Cecurring at Might I8 15%, There Ara 2 Locomotlyvas Per Dlesel Traln and
45 Cars lor Each Diasel Traln and 15 Cars Per Elactrifled Traln. The Average Train
Speed 13 40 MPH and the Track Is Bolted. No Horng Or Whisties Are Used.

The Combined Nolae Levol for Thia Sito Is

A 5lte Exposed to Nolse from Two Rallroads, For Rallroad 1, the Distance in Feot
{from the NAL ‘o the Rallway Track ls 75 Feel. There Are 34 Diesel Tralns Every 24
Houts, No Electrifled Tralns. Twenty Percent of Ihe Oparations Occur at Night. There
Are 5 Locomollves Per Train and vy Cars Per Train, The Average Train Speed |8 35
MPH and the Track 15 Welded, No Horns Or Whistles,

For Rallway 2, the Distance In Feet from the NAL to the Rallway Track s 120 Faet.
There Are 12 Dlesel Tralns |n 24 Hours, No Electrifled Traing, Twonly-Five Percent of
the Operatfons Qccur at Night, There Are 4 Locomotives Per Traln and 40 Cars Per
Traln, The Average Traln Spaed J3 20 MPH and the Track Is Boited, No Horns Or
Whistles Are Used,

‘The Combined Naise Level for This Sitels

, A Site Exposed to Noise from Threa Roads. For Road 1, the Distance In Feet from

the NAL to the Near Edge of the Nearost Lane Is 100 Feat, 1o the Far Edge of the
Farthest Lane, 208 Feot, There Is No Stop Slgn and the Gradlent Is 1%, The Average
Speed far Autos 13 55 MPH, (Thare Ata No Truchs Alfowed On This Road.} The 24
Hour Average Number of Autos I8 40,000, The Fraction of Nighttime Trallic 13 15%.

For Road 2, the Distance from tha NAL to the Near Edpe of the Nearest Lane Is 45
Faet, 1o the Far Edge of the Farthesi Lane 75 Feat, Thars Is A Stop Slgn 175 Feel
from the NAL and the Road Gradlant Is 4%, The avarage Speed 1or Both Aulos and
Trucks I3 40 MPH, The 24 Hour Average Number of Aulos Is 15,000, for Medlum
Trucks B0O0 and for Meavy Trucks 320 Total. The Fraction of Nighttime Tralfic ts 20%.

For Aoad 3, the Distance from the NAL lo the Near Edge of Lhe Nearest Lano Is 52
Fost, to the Far Edge of the Farhest Lane 92 Feet, Thera Is A Stop Slgn 400 Fest
from the NAL and the Gradient Is 1%, The Average Speed for Bolh Autos and Trucks
Is 25 MPH. The 24 Hour Average Number of Autos Is 5,000, for Madlum Trucks 1,050
and far Heavy Trucks 175 Total, Tha Fraction of Nighttime Tratfic Is 20%.,

The Comblined Noise Level for Thia Silals
83




21. A Sile Exposed to Nelse from A Rallroad. The Distance from the NAL lo the Rallroad
Is 110 Feal. Thera Are 30 Dlessl Tralns Every 24 Hours, No Electrifled Tralns, Twenty
Percent of the Operatlans Cceur at Night. There Are 3 Locomotives Per Train and 50
Cars Per Train, The Average Traln Speed 8 30 MPH, the Track Is Bolted and There Is
A Grade Crogsing Where Horns and Whistles Are Used 100 Fee from the MAL.

The Comblned Nolse Level al This Sitels

Prabilomis 22 Through 24; Bamiors - [dentifying the Values for H, R, R, D and D*

Idantity the Values for H, &, A’, D and D' for Each of the Following Barriers:

22,

| I | ] ]
0! o [ e [ |
Barrler [ 1 [ 1 1
40’
10’
o,
g 30" -y 1607 -
H= R= R'= D= and D’ =
23
Highest Polnt of Hill a0’ v B vev)
D
gql
70* 50* -
H= R= A'= D= and D' =
Barvier 40' 10! 170’ 20’ 70’
Hlghest Polnt of HIIl 30' 150" 43: 50’
24,
TR 81" 52
‘unawnsnsrvgrew ]
ETIE = [
60’ 50'
H= R= R’ D= and D*

a4
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Probloms 25 Through 27: Bartler Calculations Using Workcharis § and 7,

Using Workcharts 6 and 7 Only, Calculate the Nolse Attenuation Provided by the
Barriers lltustrated in Problems 22 Through 24. Addillonal Dala on the Angles
Subtended by the Ends of the Barriers and the NAL for Each Location s Providad.

25, Calculate Ihe Nolse Attenuation Provided by the Barrier Deseribed In Prablem 22, The
Angle Subtended by tha Ends of Lha Barrler and tha NAL [3 150 Degiaes,

Doclbels,

The Nalse Atlenuation Pravided Is

26, Calculate the Nolse Altenuation Provided by the Barrier Described In Problem 23, The
Angjle Subtended by the Ends of the Barrlar and the NAL Is 80 Degrees,

Declbels,

Tha Nolse Attenuation Fravided Is

27, Calculale the Neise Attenuation Provided by the Barrier Described In Problem 24, The
Angle SuMtended by Lhe Ends of tha Barrier and tha NAL I8 130 Degiees,

Dacibels.

Tha Noise Attenuation Provided Is
Probloma 26 Through 38; Barclor Galculations Using Workcharis 5, 6 and ?

Calculata the Altanuatlon Provided By the Barrlers in the Following Sltuations, Use

Workcharts 5,8 ang 7,

2B, A Two Story Bullding Is Exposed to Nolse Levals of 88 LDN from Automoblles. The
Barrier Is 15 Feet High and Is Located 40 Feet from the Scurce and 20 Feet from
the Bullding. The Source, Barrler, and Buiiding Are All On Level Ground, The Angle
Subtended by the Ends of the Barrier and the Noise Assessmant Location Is 110
Degrees.

Declbels,

‘Tha Nelse Attenuation Provided by This Barfer Is

|5 Thia Sufficient?

29. A Three Story Bullding !s Exposed to A Noisa Level of 72 LDN from Dlesel
Locomolives and 60 LON from Railroad Cars, The Barrier Is 12 Fesl High and Is
Lecated 40 Feet from 1he Source and BS Feet from the Bullding. The Barrler and
the Bullding Are on the Same Level, But the Track Is Deprassed 25 Feel, The Angla

Subtended by the Ends Of the Barrier and tha NAL Is 120 Degreas,
Decibels,

The Noise Attanuation Provided by This Barrler s

18 This Suificlant?

30, A Three Story Building 1s Exposed to Nalsa Levals of 67 LDN {rom Aulomobiles
and 71 LDN from Trucks. The 8arrior |5 16 Feet High and |8 Located 36 Fesl from
the Source and 56 Feat from the Building. The Source, the Barrler and the Bullding
Ara All At the Same Level. The Angle Subtended by tha Barrier Ends and the NAL Is

130 Dagrees,
Tha Noise Attenuation Provided by This Barrler |

Decibals,

Is This Sulficlant?
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Nolse Assessment Guidelines Woarkbook
Answors

Prablom
1, 68 LDN {67-81 =48, Add 1dB (From Table) to 87 =68 LDN)
2. 66 LDN {83-63 =0, Add 3dB (From Table) to 63 =66 LDN)
3, 69 LDN (89-51 =0, Add 0dB to 68 =80 LDN)
4, 67 LDN (65-82 =13, Add 1.8dB to 85, Round Off 10 Nearest Whole Number,
B6.8 = 67 LN}
5, 73 LDN (72-65=5, Add 1.2=73.2=73 LDN}
6, 72 LDN (83-58 =4, Add 1.5=64.5, 71-64.5=8.5
Inlerpolats From Table: 8=1.0,7=.8
BE=911+.9=T14=72LDON}

7, 76 LDN (67-81=86, Add 1.0 =68, 72-68=4, Add 1.5="73.5,
73,5-73 = .5, Intarpolats From Table,
Add 2,75 =78.25 =70 LDN)

B. 49 Feet (76+22=08-2=40)
9, 72 Foel {84 460=144—2=72)

10. Adjustmenl Factors Needed: Speed and Night-Time Parcentage

Value of Faclors; Spoed = Autos .30
Trucks .B1
Nighttime
Percentage (81

Note—You Must Have Differant Spaed Adjustments for Autos and Trucks.

11, Adjustment Factors Noaded: Speod and Stop and Go Traffic
Value of Factors; Speed .67
Stop and Go .0

12, Adjusiment Factors Needed: Gradlent, Spaed and Nighttime Porcentage

Value of Faclors: Gradlent 1.4
Speed = Autos .30
irucks .B1
Nighttime
Parcentage .B1

13, Adjustment Faclors Needed: Nighltimo Parcentage, Spead, Bolted Track

Value of Factors: Nighttime
Parcontage 1.57
Speed = Englnos .75
Cars 1.78
Bolted Track 4

Nate—You Must Hava Difterent Spoed Adjustments for Engines and Cors,
14, Adjustmenl Faclors Needed: Nighitime Percentage and Speed
Value of Factors: Nighitime
Percentape .62
Specd = Engines 3.0
Cars 11
15. Adjusimant Factors Noeded: Nighttime Parcentage and Bolted Track
Value ol Factors: Nighttime

Parceniage 1.19
Bollad Track 4

8s




16. Combined Noise Levol = 62 LDN (Il Your Answer I8 Plus or Minus 1dB Its OK -
Between Rounding Off and the Large Scale on the Nomegraphs, That's Closo

Enough)
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17. Combined Nolse Level =74 LDN (+ OR~1dB)
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16, Combined Nolse Level = 71 LDN

Note--In Order to Complete Cotumn 18 for Rallway #2 You Musl Find ihe Average
Number of Cars Per Traln. Multiply the Number af Diesel Tralns Times the Number
of Cars Per Traln (20 X 45 =900), Multiply the Number of Electrifled Tralns Times
tha Number of Cars Par Traln (2 x 15 = 30), Add the Two Totals Together and Divida
By tha Total Kumbar of Tralns (900 + 30 =030 — 22 = 42},
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20, Combined Nolsa Lovel =75 LDN
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21, Combined Noise Lavsl =81 LDN

To Solve This Problem You Must Add Some More Lings lo the Werkchart for
Englnos Because the Workehart as Set up Does Mot Go High Enough. Thera Are A
Varlaty of Ways to Do This But One of the Easiest Is to Take A Piece of Blank
Paper (A 3.x 5 Card Does Very Well} Place the Edge of the Paper Along Either the
Top Or Bottom Edge of the Warkchart and Mark Where the LON Linas Fall Along
the Edge of the Blank Paper. Then Once You Have Drawn Your Uistance and
Operalions Lines on the Wark Chart, You Take Your Faper wilh the Line Markings
ane Lay It aiong ine Line for Adjusted Operallons with the Mark Farthest lo tho
Alght Lined up with the 75 LDN Line. Now Just Count ovar untll You Reach the
intersectlan of the Operations and Distanca Lines.
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22, H=10 Feet, R=40 Feot, R’ = 50 Feet, D =170 Feet, D' = 150 Feel

Barrier

R' E D'

180!

23, H=8 Feat, R=190 Feet, R' = 70 Feel, D =40 Feal, D' =50 Feal

Highest Palnt of HIIl p

B
R L//
a0’
Hl Dl
L 70¢ 50

Note—The Line of Sight Lina Starts Above the Road Level Bacauso of the Trucks,

24, H=8 Feet, A=52 Feet, R' =50 Feal, D= &1 Feat, D' =260 Foet
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26. The Nolse Attenuntion Provided 15 3 Declbeis

Note—When tha Curves ARe So Closa Together fon't Worry Aboul Extrapolating,
In This Case You Couldn't Anyway, tha 15 dB and 10 dB Curves Have Merged.
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27, The Noise Atlenuallon Provided |5 6 Decibels (5.5 Rounded Up)
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28. The Nolse Attenuatlon Provided by This Barrior Is 4 dB, This 1a Sulficient

Note—Don't Forget That the Helght of tha observer 1s &' Less Than the Taotal

Helgit of the Bullding and tha Height of the Building Is 10 Feal Timas the Number

Er Stories, And DId You Remember to Make the Adjustment for Ground Altenuation
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29, The Noise Attenuation Provided by This Barrier Is Approximatety 5 dB for Both the
Enginas and the Railroad Cars,

This Is Not Sufflcfant,

Note—You Were Supposed 1o Calculata Altenuation for Dlesel Englnas and Cars

Separalely Because the Sourca Heights Are Ditlerant. The Valve of 8 for the

ﬁr;egugs .‘,‘-j_i'-uuizd5 Have Baen -~ 10 and the Vailue of S lor the Rallroad Cars Should
een —25.
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i 30, The Nolse Attenuation Provided by Thia Barrler ts 3 dB for Trucks and § dB for
i Autas, The Combined Level Rasulting Is 9 LDN.

? This Is Not Sufilcient

Nota—You Must Calculale the Barrler Eflect Separately for Autos and Trucks
Because the Source Halght [s Diflerent. Then Recombine lavels,
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Chapter 7

The Use of Noise
Measurements

Nolse Calculations Are Best For
HUD Use

There are two ways to determine
noise levels for a site under raview:
the noise can ba calculated or it can
be maasured. While one's first
reactlon might well be that it would
obviously be hetler to go out and
actually measure the nolse lavels at
the slte, caleulated noise levals are
really much better for implementing
HUD's noise policy.

Calculated noise levels are
developed using mathematicat
modals that contaln a variety of
assumptions about the process of
nolsa propagation as well as data on
sound {evels generated by typical
sources (1.e. aircraft engines,
automeblle tires ete.). The model can
be a complex computer model or It
can be a simple desktop mode! such
as thg procedures In the Noise
Assessment Guidelines. The models
can also employ a variety of noise
descriptors. (See chapter 1 fora
discussion of noisa descriptors,)
Most nolse studles done for the
Federal Highway Administration, for
example, use gither the L, or the
Lo nolse deseriptor, Many alrcraft
nolse siudies use the NEF or CNEL
descriptar. All of these descripiors
arg compatible with the Ly, noisa
descriptor system that is preferrad
by HUD and the HUD noise
regulation contains Instrustions for
converting all of them Into Lgq.
(sactions 51.106(a)(1) and (2))

Whether produced by a
saphisticated computer model or by
the deskiop Noise Assessment
Guidelines, calculated nolse levels
are more useful for HUD needs than
measured levels for two slgnlflcant
reasons: The first [s that with noise
measuraments you have no good
way to take Into account future
changes In the future noise
environment, The houses we help
build today are going to ba around
for a long time and 1t is very
important that we determineg, o the
axtent we can, the noise
environment that wlll exlst
tiroughout the lifa of the buildings,

While there ara clearly limitations on
hew far into the future we can
reasonably project trafilc levels for
roads, rallroads and airports, we can
at least look 5 to 10 years ahead.
The HUD noise regulation (24 GFR
51B) requires that “to the extent
possible, noise exposure shall be
projected to be representative of
conditions lhal are expected to ex|st
at a time at least 10 years beyond
the date of the project or actlon
under review." it |s very easy to
make thase projactions if you use
the Nolse Assessment Guidelines or
a compuler madel to determine
noise levels,

The second reascn why we prafer
that you calculate nolse lavels is
that through the calculation process
you can use monthly or ysarly data
to determine traftfic levels, Thus you
come up with a more typical picture
of conditions, With nolse
measurements there is always the
possibitlty that the day or even days
chosen for measurements will rnot be
typical and that the measurements
may over or understate the problam.
While the conscientlous measurer
will try to account for any unusual
condltlons, it isn't always possible,
So long as cost considerations llmit
tha number of days thal
measurements can ba taken there
will always be the problem of
unrepreseniative data, With
calculatlons this isn't a problem. The
computer model that generates
contours for alrports, for axample,
uses an entire years data to develop
the average day. Certalnly the resulls
are more |lkely to be representative
than the results that would be
derived from Just a few days
measuremants,

When Noise Measurements Are
Useful

While it is the preferred procedura to
calculate nolse levels, there are a
few situations where the noise
models might not be accurate and it
might be better to rely on
measuremants. One Instance would
be when thare is Insutficient or
Inadequate traffic data. Another case
might be where you have a unlque
physlcal situatlon that is not
accounted for In whatever
mathematlcal mode] Is avallable,
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Obtatning good traffic data can be
dlfficult, You may only be able to gat
gross data that simply lists total
vehicles without making any
distinctions between trucks and
autemoblles. Or you may nol be able
{o get any reliable data an the
percentage of trattlc between 10 pm
and 7 am, While the Noise
Assessment Guldefines do contain
some assumptlons that you can use
when you don't have all the data you
need, there may be Instances whan
you fust don't think those
assumptlons would accurately
poitray tho probleam.

By the same token, there are
cerlain physical sltuations that
mathematical models such as the
Noise Assessment Guidelines
couldn't anticlpate and therafore do
not reflect in their formulas. For
example, the Guldelines say that you
don't have to calculate the nolse
levels for underground transit linas,
Well what if the line Is underground
hut there are targe air vents that reach
from the belowground tunnels {o the
surlace? A great deal of nolse can
reach the surface through these vents
but the Nolse Assessment Guldelines
don't have any way to take It Into
account, You couldn't treat |t as If the
subway line were aboveground
bacauseltisn't really and at least
some of Ihe noise is blocked. This
would be a case where a noise
measurament wolld probably be the
best way lo datermine the noise
levels, By the sama token, the
guidelines do not really take Into
account the sometimes significant
amounts of reflected noise that can
occeur at urban sltes surrounded by
tall bulldings, i.e. the canyon effect,

When Not 1o Use Measurements

Cne thing nolse measurements
should not be used for is to confirm or
refuta calculated noise levels,
aspeclally computer generatad
aircrafl contours, Our experlence with
both the Noise Assessment
Guidefines and with computer nolse
models Is that both are quite accurats
i done properly. If you are convinced
that the calculations wera done
correctly, and If you believe that the
data used were good, you shoutd
strongly disccurage anyone who
wants {o take measuraments because
thaey think that measurements are
inherently more accurate than
calculatlons, Comparing measured
noise jevels to calculated lavals is like
comparlng apples and oranges, The



calculated noise lavels should include
projected traffic lavels, the measured
onas wiil not, The calculated levels
will be based on daily trafiic counts
derived by averaging months of dala,
the measured levels wlil, at best,
reflect just a few days, (This |s
parlicutarly true for aircraft noise
conlours, The day-to-day operatlons
of an alrport can vary significantly
depending upon weaiher conditlons
and any one or two days worth of
measurements are very likely to show
difierent levels from lhose generated
by a computer model employing a
yaar of data to devive an avarage day.)

If you have determined that noise
measurements are appropriate, you
must make surs that they are done
praperly, otherwise lhe data will be
ussless, There are four alements to
proper measurements: 1) where the
measurements ara taken; 2) when
they are taken; 3) the type of
equipment used; and 4) the actual
measurement pracedure.

Where measuraments should be
taken: The locatlons for hoise
measuraments should be selecled
using the same criterla you would use
{o select a Noise Assessment
Location for a Noise Assessment
Guidelines calculation. The Noise
Assessmen! Guldelines recommend
that "assessments of the noise
axposura should be made at
represeniative locations around the
slte where slgniflcant nolse is
axpected.” Further, the Guidelines
state that when selecling these
locatlons you should conslder those
buildings containing nolse sensitive
ugeas which are closest to the
predominant noise sources. Whare
quiet outtdoor space |s desired atl a
site, you should also select points In
the outdoor area In question.
Specifically, tha “ralevant
measurement localion for buildings Is
a point 2 meters (6.5 feet) from the
facade." It there are no huildings yet
the measurement polnt should be 2
meters irom the closest point setback
requirements would allow a building
facade,

When measuremenis should be
taken: Because measwrements are
only going to be taken for a few days
at besl, spectal care should be taken
to make sure thal the days selected
are representative of average traf(ic
levels, For highways, avold both
Monday and Friday, particularly
before or after a haliday. In fact
hollday periods, suchas the
Chrlstmas/New Years season, should
be avolded entirely, Highway traffle,
or rather more importantly, truck
traffic s likely 10 be down during

these periods and nolse levels may be
significantly lower than normal. On
the other hand, holiday pariods are
often peak travel periods for airlines
and measurements taken around
airports then would show unusually
high nolse levels.

Whoaver s taking the
measurements should also check to
make sure that there aren't any
special circumstances that might
affect tratflc levels. For example road
construction or repalr work might
divert additonal trafflc onto the road
balng measured, or divert trafflc away.
in both cases the noise (evels
measured would not be
represantative.

And finally, nolse measurements
should not be taken during extreme
weather condillons both because of
the possible effects on traflfc levels
hut also because the weather
condllions can exaggerate the actual
noise levels,

Ideally, noise measuremonts
should be taken over several days
spread over al least a few months, But
given that fime and money will
nermally preclude this, at least make
sure the one or two days you can ge!
are as close to typical as possible,

What equipment to use: There are
many sound level meters on the
market which are sultable for taking
noise measurements for
transpartation sources, They need
only to meet the requirements of
Amaerlcan Natienal Standard
Specliication for Type 1 Sound Level
Meters: 51.4-1971. Type 1 sound leval
meters are “precision’ meters and
provide the most accurate
measurements. They are also, of
course, the most expensive, Fast
time-avaraging and A frequency
weighting are to be used. The sound
tevel meter with the A-weighting [s
progressively less sensitlve to sound
with frequencles below 1,000 hertz,
somewhat as is the ear. With fast {ime
averaging the sound lavel meter
responds particularly to recent
sounds almost as quickly as does the
ear [n judging the loudness of a
sound. Fast time averaging has a time
constant of about 1/8 second,

While a sound lavel measuring
system that averages decibel
readouts on a short term basis such
as for every minute or every houris
accaplable, [t would be far better if a
system {hat actually provides a24
hour Integrated Ly, readout were
used. Such a system eliminates the
need for calculating the Ly, value, an
area whers many inexperienced
consuitants go astray, These systems
are more expensive howaver, and the
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consultant who doasn't do much
noise work is unlikely to have ons,

Measurement precedures: Detalled
procedures for making sound level
measurements are spelled out inthe
American National Standards
Insiitute’s Standard Methods ANSI
$1.2-1962(R1978) Amer/can National
Standard Method for the Physical
Measurement of Sound and ANSI|
$1.13-1971{R1976) American National
Standard Methods for the
Measurement of Sound Pressure
Levels.

Some of the basic procedures that
should be followed are:

1. Measurements should normally be

made over & continuous 24 hour

period. If this is not possible,

measurements may be made overa

pariod of days but still must cover tha

entire 24 haur peried. The selection of

the days becomes even more critigal :
50 that Ihey are as similar as possible, I
Sampling is not acceptable.

2. The sound level meter must be

.callbrated before each use.

3, The sound level meter should be ;
provided with a wind screen. :
4, Carashould be taken ta insure ihat

there are no temporary obstructlons,

such as parked trucks, between the

meter and the source.

The Noise Study

The noise study prepared to describe
the measurement results should
¢contaln at least the {ollowing:

1. A mapshowling whare the
measurements were laken

2, Avlelnity map showing the sile and
the major noise sources

3, Achart Indicating the date, the
time, and weather condltions when
measuremsanis ware laken at each
measurement location

4. The type of microphons usad

§, Anyvariations from ANSI
proceduras

6. The results of the measurements
in Lyn for each measurement locatlon
7. Any unusual conditions that
axisted during the measurement
perlod—i.e, constructlon activity,
maijor traffic tieup, etc,

8. If anintegrating sound leve! meter
was no! used, the calculations used
to derive the Lyp value,
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Two equal sounds
happening at the same
time are 3dB louder
than either omne.

L1+L2=L+3dB

N.O.LS.E.
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You can hear the
difference between two
sounds 1f they are about
3.5 dB different.
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A sound twice as
far away will be
about half as loud.
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dBA

A — Weighting. Uses
frequencies that bother
humans most.

(800 - 8000 Hg)
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= Average Sound
Level
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Lpy = R4 hour average
noise level

— On an annual basis

— Double weight from
10:00 p.m. to 7:00 a.m.
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AIRCRAFT NOISE EVENT DESCRIPTORS
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Airoraft Noise Measurements

Takeoff ©500 meters (21,300 f+.)
from brake release.

Approach 200 meters (6,500 ft)
from runway threshold.

Sideline 450 meters (1,500 ft.)
from runway centerline.

N.O.L.S.E.
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nIRCRﬂ?T NOISE LEVEL COMPARISONS:
/0 S/l..  APPR. ToTaL
707-320B/C, JT3D-7, 3I33,4004:

112.1 102.9 120.4 335.0 EPNDB

757-200, RB-211~-535E4, 240,000%#:

84.8 ?3.1 95.0 272.%9 EPNDB
(-27.3) (-92.4) (-253.4) (-62.1) DB

767~200, CF&4-80A2, 351,000#:

90.9 96.6 101.7 289.2 EPNDB
(-21.2) (-5.9) (-18.7) (-45.8) pB

N.O.LS.E.
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PERCENTAGE “COMPLAINTS"

RELATIVE IMPORTANCE OF AIRCRAFT NOISE
AS A FACTOR IN DISLIKING AREA OR WANTING
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