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Preface

Introduction

This Noise Guidebook has been 
prepared to serve as the basic 
reference document for all HUD field 
staff who are responsible for 
implementing the Department’s noise 
policy. It brings together in one place 
all the various reports, informational 
papers and other items that have been 
put out by the Department over the 
past several years. It also contains 
several new items designed to make 
your job easier.

This Guidebook is designed to 
serve not only the experienced HUD 
staff member but also the new 
employee or the old employee who is 
new to the noise field. Because of 
this, the Guidebook contains some 
fairly basic background material as 
well as quizzes and other material 
specifically geared for the “learner.”
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Chapter 1

Basic Overview of the 
Environmental Noise Problem

Figure 1
Common Sounds
Basic Theory: Common Sounds in Decibels
(dB)

Some common, easily recognized sounds are 
listed below in order of increasing sound 
intensity levels in decibels. The sound levels 
shown for occupied rooms are typical general 
activity levels only and do not represent 
criteria for design.Introduction

Background
Subjective
Evaluations

Decibels (dB)»Examples
Definition and Scope of the Noise 
Problem Near jet engine 140s

The air around us is constantly filled 
with sounds, yet most of us would 
probably not say we are surrounded 
by noise. What then is the difference 
between ordinary sound and what we 
call noise? The traditional definition 
of noise is that it is “unwanted 
sound.” Sound becomes unwanted 
when it either interferes with our 
normal activities such as sleeping, 
conversation or recreation, when it 
causes actual physical harm such as 
hearing loss or has adverse effects on 
mental health. As we have become a 
more urbanized country and as 
technology has advanced, the level of 
sound in our environment has reached 
the point when it sometimes does 
cause interference and does cause 
physical and psychological harm, and 
thus we have developed a noise 
problem. (See Figure 1 for a listing of 
common sounds.)

The dimensions of the noise 
problem have grown larger and larger 
over the past few decades. In its 1979 
Annual Report, The Council on 
Environmental Quality stated that 
“nearly half the US population is 
regularly exposed to levels of noise 
that interfere with ...normal activities” 
and about “1 in 10 ...are exposed to 
noises of duration and intensity 
sufficient to cause a permanent 
reduction in their ability to hear.”

Threshold of pain 130

^ Deafening
120Threshold of feeling—hard 

rock band © jjj
-Q m (0-5 0) 
o « a
titmhi
la?
|fi*S

Accelerating motorcycle at a few feet away 
(Note: 50 ft from motorcycle equals noise at 
about 2000 ft from a 4-engine jet aircraft.)

110

Loud auto horn at 10 ft away 100

I Very loud
Noisy urban street 
Noisy factory

90

School cafeteria w/untreated surfaces 80

Loud
70Stenographic room

Range of speech -CNear freeway auto traffic 60

Moderate
50Average office

Soft radio music in apartment 40

Faint30Average residence without stereo playing

20Average whisper

Very faint10Rustle of leaves in wind

Human breathing

0Threshold of audibility

•dB are “average" values as measured on the A- 
scale of a sound-level meter 
(From Concepts in Architectural Acoustics: M. 
David Egan, McGraw Hill, 1972.)
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Figure 2
Dynamics of a Noise Problem

The Dynamics of the Noise Problem

There are basically two types of noise 
problems. There is the specific, job 
related, occupational noise problem 
created by extremely loud machinery.
Then there is the community noise 
problem where the combined effect of 
many individual noise sources 
creates an overall noise level that is 
unacceptable. In the following pages 
we will be addressing the community 
noise problem only.

The main contributors to a 
community noise problem are 
transportation sources such as 
highways, railroads and airports.
These sources are the most pervasive 
and continuing of the noise sources 
within 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 construction site.
But in general, and for the purposes of 
this section, the main concern is with 
the transportation sources.

The dynamics of a noise problem 
are based on the relationship between 
the noise source, the person or place 
exposed to the noise (hereafter called 
the receiver) and the path the noise 
will travel from source to receiver.

The source generates a given 
amount of noise which travels along 
the path and arrives at the receiver.
The amount of noise will be reduced 
to some extent as a result of how long 
that path is or whether there are any 
barriers along the path. The severity 
of the impact on the receiver is a 
function of what type of activity is 
taking place, whether it is indoors or 
outdoors, and what type of building it 
is in if the activity is indoors. Figure 3 
contains some basic compatibility 
guidelines.

The impact of the noise can be 
altered or mitigated by changing the 
characteristics of any of the three 
elements: source, path or receiver. 
Later on we will look at the various 
mitigation measures that are 
possible. Our concern however will be 
primarily with the receiver and the 
path. Control of the sources 
themselves is the specific 
responsibility of agencies such as the 
Environmental Protection Agency 
(EPA) or the Federal Aviation 
Administration (FAA).

\
/

PI <3
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ReceiverPathSource

Figure 3
Land Use Compatibility Guidelines

LAND USE INTERPRETATION 
FOR NEF VALUE*

20 30 40 50
LAND USE CATEGORY

Residential — Single Family, Duplex, Mobile Homes W//A
J* ^4 ™Residential — Multiple Family, Dormitories, etc. i ■ ;

TTTransient Lodging

School Classrooms, Libraries, Churches

Hospitals, Nursing Homes L I'l'i't'i

Auditoriums, Concert Halls, Music Shells L
Sports Arena, Outdoor Spectator Sports v.v.;.r
Playgrounds, Neighborhood Parks •.v.v.
Golt Courses, Riding Stables, Water Rec., Cemeteries

v!v/Office Buildings, Personal, Business and Professional

Commercial — Retail, Movie Theaters, Restaurants m-i-
Commercial — Wholesale, Some Retails, Ind., Mfg., Util. F
Manufacturing, Communication (Noise Sensitive)
Livestock Farming, Animal Breeding r~
Agriculture (except Livestock), Mining, Fishing

Public Right-of-Way

Extensive Natural Recreation Areas
65 75 85

Ldn VALUES
*Ldn = NEF Value + 35

r I Clearly
I---------- 1 Acceptable

j 1 Normally
L.......J Acceptable

Normally
Unacceptable

Clearly
Unacceptable
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The ideal solution to a potential 
problem is to reduce the noise being 
produced by the source. The best 
solution available to HUD, or the 
community, however, is to make sure 
that noise sensitive uses are located 
where they will not be exposed to high 
noise levels. The next best approach 
to mitigating noise impact is to 
attempt to reduce the amount of 
noise that reaches the receiver. This 
can be accomplished through the use 
of barriers such as walls or earthen 
berms, or combinations of both, along 
the noise path. If the use of barriers is 
not possible then the only alternative 
available is to provide noise reduction 
measures in any structures 
associated with the activity so that at 
least the interior spaces are not 
exposed to high noise levels. This 
approach is considered the least 
desirable because most of the land 
uses we are concerned about, such as 
residential, do have outdoor areas and 
activities associated with them which 
would remain exposed to high noise 
levels.

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 describe the total noise ’ 
exposure at a site, something many 
other descriptor systems couldn’t do.

The DNL system has been adopted 
by the EPA, the Department of 
Defense (DOD) and HUD, and more 
recently by the FAA, specifically for 
describing environmental impacts for 
airport actions. We expect that very 
soon it will be in almost universal use 
in the U.S.

Issues

Legal Provisions

General Legislation and Background

The Federal legislation which 
addresses noise issues is somewhat 
different from other environmental 
legislation. The Clean Air Act, for 
example, required the Environmental 
Protection Agency to set up actual 
mandatory standards for air quality 
which were supposed to be met by all 
jurisdictions. EPA even has the 
authority to take punitive steps 
against cities which are not making 
“reasonable further progress” 
towards achieving these air quality 
goals. There is no similar legislation 
that covers noise. The approach has 
been to tackle the noise problem at 
the source by controlling the amount 
of noise that can be emitted by the 
individual airplane engine or the 
individual jackhammer. Agencies like 
HUD or the Farmers Home 
Administration have developed 
regulations which are related to the 
overall community noise level, but 
they only affect their own programs 
and are not binding on local 
communities. The Veterans 
Administration program only relates 
to aircraft noise and also only affects 
its own programs.

The major pieces of Federal 
legislation related to noise include:

The Noise Control Act of 
1972 directed EPA to promote an 
environment for all Americans free 
from noise that jeopardizes their 
health and welfare. It also included a 
requirement for EPA to set a criterion 
for noise level adequate to protect 
health and welfare with an adequate 
margin of safety but without regard to 
cost or feasibility.

Quiet Communities Act of 
1978 amended The Noise Control Act 
of 1972 to encourage noise control 
programs at the State and community 
level.

Federal Aid Highway Act of 
1970 established the requirement 
that noise control be a part of the 
planning and design of all federally 
aided highways.

Aviation Safety and Noise 
Abatement Act of 1979 requires FAA 
to develop a single system for 
measuring noise at airports and under 
certain conditions to prepare and 
publish noise maps.

The main issues involved in any noise 
analysis can be summarized briefly.

• How much noise is a site exposed 
to
• What types of activities are being 
affected and how severely
• Is it reasonable to redesign the site 
to relocate noise sensitive activities
• And, if not, how much protection 
can be provided through various 
attenuation measures.

Your approach to these issues will 
be affected in many ways by the 
location of the project in question. 
Projects in suburban or rural areas 
can be approached differently 
because the available mitigation 
options are greater and often the 
noise exposure itself is not so severe. 
In urban situations, however, the 
noise exposure is often more severe 
but at the same time the options for 
mitigation or resiting are more 
limited. In the urban setting innovative 
design and the use of advanced 
attenuation measures becomes 
critical. Fortunately our experience 
has shown that good design and 
construction can relieve or 
substantially reduce major noise 
problems.

A Note on Descriptors

A key factor in the growth of our 
ability to evaluate and reduce noise 
impacts has been the development of 
better tools to measure and describe 
the noise levels generated by various 
sources. The development of better 
tools (called noise descriptors or 
metrics) has been particularly 
important for dealing with community 
noise problems. Many of the older 
descriptor systems could only be 
used for one or two sources such as 
cars and railroads, but not airplanes. 
Since the community noise problem 
very often includes noise from all 
these sources the lack of an adequate 
descriptor made it difficult to do an 
adequate evaluation.

The most advanced descriptor 
currently in general use is the day 
night average sound level system, 
abbreviated as DNL and symbolized 
mathematically as L^n- The day night 
average sound level is the 24 hour 
average sound level, expressed in 
decibels, obtained after the addition 
of a 10 decibel penalty for sound 
levels which occur at night between 
10 PM and 7 AM. This nighttime 
penalty is based on the fact that many 
studies have shown that people are 
much more disturbed by noise at 
night than at any other time. This is 
not unusual in that background noise 
is often much less at night and also 
people tend to be doing very noise 
sensitive things at night, such as 
trying to sleep.
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Data Required

• Location of outdoor noise sensitive 
uses relative to the noise source.
• Location of buildings containing 
noise sensitive activities.
• Location of other buildings, 
particularly ones which might serve to 
shield sensitive buildings or areas 
from the noise source.
• Design and construction features 
of buildings, particularly features 
such as use of central air conditioning 
which could provide noise reduction 
benefits by permitting windows to be 
kept closed.

Analysis of Site and Environs

In general the requirements 
established three zones: an 
acceptable zone where all projects 
could be approved, a normally 
unacceptable zone where mitigation 
measures would be required and 
where each project would have to be 
individually evaluated for approval or 
denial, and an unacceptable zone in 
which projects would not, as a rule, be 
approved.

In 1979, the Department issued 
revised regulations (24 CFR Part 51B) 
which kept the same basic standards 
but adopted new descriptor systems 
which were considerably advanced 
over those in use under the old 
requirements.

HUD’s regulations also require that 
recipients of Community 
Development Block Grants (CDBG) 
and Urban Development Action 
Grants (UDAG) take into 
consideration the noise criteria and 
standards in the environmental review 
process and consider ameliorative 
actions when noise sensitive land 
developments are proposed in noise 
exposed areas. If CDBG or UDAG 
activities are planned in a noisy area, 
and HUD assistance is contemplated 
later for housing and/or other noise 
sensitive activities, the HUD 
standards must be met for those

HUD Regulations

While the Department of Housing and 
Urban Development has no specific 
responsibility to try to reduce the 
noise problem at the source the way 
the Environmental Protection Agency 
and the Federal Aviation 
Administration do, it does have the 
responsibility to be aware of the noise 
problem and its impact on the 
housing environment. The most basic 
mandate which drives the 
Department’s involvement with the 
noise issue is the Housing Act of 
1949 (Public Law 81-171) which sets 
forth the national goal of “a decent 
home and suitable living environment 
for every American family.” This goal 
was affirmed by the Housing and 
Urban Development Act of 1968 
(Public Law 90-448). The Department 
was tasked by the Housing and Urban 
Development Act of 1965 (Public Law 
89-117) “to determine feasible 
methods of reducing the economic 
loss and hardships suffered by 
homeowners as a result of the 
depreciation in the value of their 
properties following the construction 
of airports in the vicinity of their 
homes.” The Noise Control Act of 
1972, in addition to its specific 
tasking to EPA, tasked all Federal 
agencies to administer their programs activities, 
in ways which reduce noise pollution;-^
Finally, the Department is tasked by ^Project Analysis 
Federal Management Circular 75-2:
Compatible Land Uses at Federal 
Airfields to make sure that its actions

General

The primary focus of this impact 
analysis is on noise sources and the 
primary item to be determined is the 
noise level created by those sources. 
In many instances, particularly with 
airports, data on the noise levels 
generated by the source will have 
already been prepared by another 
agency such as the airport operator, 
the local or State
highway/transportation department or 
other similar agency. (Figure 4 shows 
typical airport noise contours.) In 
those cases no site or environs 
analysis is necessary and one can 
proceed directly to impact analysis. 
For those instances where there are 
no current data already prepared, the 
Department of Housing and Urban 
Development has developed a 
handbook called the Noise 
Assessment Guidelines which 
contains a detailed desk top 
methodology for use by individuals to 
determine noise impacts (see Chapter 
5). Included in the handbook is a 
complete listing of the data about the 
site and its environs that are 
necessary to conduct an analysis. We 
don’t want to repeat all the detailed 
requirements here, but the following 
are some of the types of information 
you would have to collect if you were 
to do your own analysis. You might 
note that most of the information is 
related to the noise sources 
themselves.

For the purpose of analysis, the 
Noise Assessment Guidelines require 
that you consider all military/civilian 
airports within 15 miles of the project, 
all significant roads within 1000 feet 
and basically all railroads within 3000 
feet.

General

do not promote incompatible land 
uses around Federal airfields.

All of these legislative and 
regulatory mandates combine to 
create a serious requirement for the 
Department of Housing and Urban 
Development to be aware of the 
problem of noise and to take positive 
steps to protect residential and other 
sensitive land uses from high noise 
levels.

The Department of Housing and 
Urban Development first issued 
formal requirements related 
specifically to noise in 1971 (HUD 
Circular 1390.2). These requirements 
contained standards for exterior 
noise levels along with policies for 
approving HUD supported or assisted 
housing projects in high noise areas.

While most of the analysis for noise 
focuses on noise sources located 
around the project site, there are 
some characteristics of the project 
itself that you should know about. 
These characteristics will help you to 
determine what is called the noise 
assessment location (NAL) for site 
analysis. (The NAL is a representative 
point (or points) on the site where 
significant noise exposure is 
expected. All distances, etc. are 
measured from the NAL). This 
information will also be helpful later 
in evaluating the potential for 
mitigating or reducing the impact of 
noise. All of this data should be 
available from preliminary plans and 
specifications. If not, a quick phone 
call to the developer/sponsor should 
get you all the information you need.
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Types of Data Required

• Number and type of vehicles
• Operational data:
— speed
— daytime/nighttime split
• Conditions where the vehicles are 
operated, i.e., freely flowing traffic 
versus stop and go, level versus hilly, 
welded railroad track versus bolted 
railroad track.

The Noise Assessment Guidelines 
contain guidance on sources for this 
data. Most of them are obtained from 
the “operator” of the transportation 
source. The Guidelines also contains 
model figures which can be used 
when actual data is unavailable. For 
example, if the actual number of 
vehicles traveling at night is not 
available then the Guidelines state 
that a figure of 15% should be used. 
Thus it is possible to make 
reasonably accurate noise level 
determinations even if some 
information is not available.

Determination of impact
!

General

The specific procedures for 
determining the noise exposure levels 
for a site are clearly spelled out in the 
Noise Assessment Guidelines. The 
process is a fairly simple one in which 
the noise level from each source 
affecting the site is calculated and 
then combined to derive the overall 
exposure. If some kind of barrier 
exists or is proposed, the noise levels 
can be adjusted to reflect the 
mitigation provided by the barrier. The 
overall noise level is then compared to 
HUD’s standards and the appropriate 
action, as spelled out in the 
regulations, is taken.

.

!
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Figure 4 
Noise Contours



BarriersSpecific Considerations

Relocating Noise Sensitive Uses

By far the most desirable mitigation 
approach is to relocate noise 
sensitive uses out of the high noise 
area although. If the site is large 
enough it may be possible to locate 
non-noise sensitive uses between the 
source and the sensitive use, for 
example a parking lot might be 
located between a road and a park 
(see Figure 5). The workcharts in the 
Noise Assessment Guidelines can be 
used in reverse to tell you exactly how 
far away from the noise source you 
need to be.

When sites are small, very dense or 
when the source affects the entire 
site it is very difficult to mitigate by 
changing the site plan. Then the next 
option must be considered: erecting 
some type of barrier between the 
source and the receiver.

Evaluation of Impact

HUD Regulations set forth the 
following exterior noise standards for 
new housing construction assisted or 
supported by the Department:

65 L(jn or less - Acceptable

Exceeding 65 l_dn but not exceeding 
75 l_dn - Normally 
Unacceptable - appropriate sound 
attenuation measures must be 
provided: 5 decibels attenuation 
above the attenuation provided by 
standard construction required in 65 
l_dn to 70 Ldn zone; 10 decibels 
additional attenuation in 70 l_dn to 75 
Ldn zone.

Exceeding 75 Ldn - Unacceptable

HUD’s regulations do not contain 
standards for interior noise levels. 
Rather a goal of 45 decibels is set 
forth and the attenuation 
requirements are geared towards 
achieving that goal. It is assumed that 
with standard construction any 
building will provide sufficient 
attenuation so that if the exterior level 
is 65 Ldn or less, the interior level will 
be 45 l_dn or less.

Once you have determined the 
overall noise exposure for the site you 
compare it to the above standards. If 
the overall site exposure is 65 Ldn or 
less the project is acceptable. If the 
exposure is between 65 Ldn and 75 
Ldn you should consider alternative 
locations or providing adequate 
attenuation with the first preference, 
as we’ve noted, being for the 
construction of some kind of barrier 
to prevent noise from reaching the 
site. If providing adequate attenuation 
is impossible or impractical then the 
project should be considered 
unacceptable.

Barriers are most effective for at or 
below ground level sources. They 
have no effect on noise from aircraft 
overflights and are limited in practical 
application with elevated sources 
such as elevated trains. The key to the 
effectiveness of a barrier is whether 
or not it breaks the line of sight 
between the source and the receiver, 
if a barrier does not completely break 
the line of sight either because it is 
not high enough, or not long enough 
then its effectiveness is greatly 
reduced.

Barriers can be actual walls, 
earthen mounds (called berms) or 
even other buildings. The use of other 
non-noise sensitive buildings as 
barriers is a particularly good 
approach in that it need not add to the 
cost of the project and may not create 
the aesthetic problem a large wall 
might create (see Figure 6).

Figure 5 
The Audible 
Landscape

In cluster development, open space can be 
placed near the highway to reduce noise 
impacts on residences

Jm
^ aWa*/MV*mo oV/v$ tyiyffy

AM $V$V$W
£ y$y$y $y$y$y $y ^ v$y$y$y$y$$y$

$.M

Suggested Mitigation
/AAM $$ $y-»-/ //

aVaWaWA x / —

lpwS3
$v$v$ $General Considerations

As discussed briefly earlier, there are 
three basic approaches for mitigating 
the high noise exposures. The first 
and best is to relocate noise sensitive 
uses out of the high noise area. The 
second is to prevent noise from 
reaching the noise sensitive user 
through some sort of barrier. And the 
third, and least desirable approach, is 
to provide attenuation for at least the 
interiors of any buildings located in 
the high noise areas.

' $V$W$ $y "saao 
V$V^$V$yTMT?7\t £

Highway
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Figure 6 
The Audible 
Landscape

As pointed out earlier, the 
effectiveness of a barrier is 
determined in large part by its height 
and length. Some studies have shown 
that the effectiveness of a barrier can 
be reduced by as much as 50% if it 
isn’t long enough. Again, the Noise 
Assessment Guidelines contain 
procedures for determining the 
effectiveness of barriers.

Placement of noise compatible land uses 
near highway in Planned Unit Development

open space

Incorporating Noise Attenuation 
Measures into the Building

ii If neither relocation or barriers is a 
ii reasonable noise attenuation option, 
I! the last resort is to incorporate noise 
i; attenuation measures into the
:j buildings themselves. This is not
|j considered the best solution because 
[I it leaves the outdoor areas, some of 
!| which may be for quiet recreation, 
ij exposed to high noise levels. But if 
i development must take place and 
| barriers are impossible, then the 
| noise attenuation measures should 
| be employed in building design and 
i construction.
i Without going into great technical 
= detail, noise attenuation construction 

7nn*:^: measures generally fall into four 
categories.

Commercial Facilities S3
HIGHWAY

(1) Reducing the total area of 
windows or other acoustically weaker 
building elements

(2) Sealing off “leaks” around 
windows, doors, vents.

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

(4) Improving the actual sound 
attenuating properties of major 
building elements such as roof and 
wall construction.

In addition, noise attenuation in 
buildings can be provided by 
designing interior spaces so that 
“dead” spaces such as closets or 
corridors act as buffer zones (see 
Figure 7). And finally noise 
attenuation can be provided by 
reducing the need for open windows 
by providing air conditioning.

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

Figure 7 
The Audible 
Landscape

Use of acoustical architectural design to 
reduce noise impacts on more noise 
sensitive living spaces

Bedroom Bedroom Living Room

LI
Bath Kitchen Dining RoomDen g;

Highway !

'
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1. Why is noise considered 
“unwanted sound”?
2. What is a community noise 

problem?
3. What are the three main 

contributors to a community noise 
problem?

4. What are the three components of 
a noise problem?
5. What are two key characteristics 

of the day-night average sound level 
descriptor system?

6. What are HUD’s noise standards?
7. How do HUD’s standards apply to 

CDBG recipients?
8. What are the three general 

mitigation measures available to HUD 
and the community and in what order 
of preference?
9. When are barriers effective and 

when are they not effective?
10. Describe how the Noise 
Assessment Guidelines can be used 
to determine appropriate mitigation 
measures.

HUD Regulation 24CFRPart51 
Subpart B - Noise Abatement and 
Control.

Noise Assessment Guidelines, 
HUD 1983, basic technical procedural 
resource.

Aircraft Noise Impact, HUD 1972, a 
bit dated but good overview of 
problem.

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

Information on Levels of 
Environmental Noise Requisite to 
Protect Public health and Welfare 
With an Adequate margin of Safety, 
EPA, 1974. The “levels document” 
that explains basis for EPA 
standards.

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

Handbook of Noise Control, 2nd 
edition, 1979, McGraw Hill. A basic 
technical handbook covering all 
aspects of noise for those who wish 
to go into the subject further.

Experts

HUD environmental officers have 
been trained in the use of the Noise 
Assessment Guidelines and can help 
you work with them. Many architects 
are trained in acoustics and can help 
in development of noise attenuation 
strategies.
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Chapter 2

The Noise Regulation

Introduction Key Sections in Noise 
Regulation

Section Subject

51.101(aX2) Application of Policy
to Block Grants 

51.101(aX3) Policy for New
Construction

51.101(aX4) Policy for Existing
Construction

51.101(aX5) Policy for Moderniza
tion and 
Rehabilitation

51.101(aX8) The Exterior Noise
Goal

51.101(aX9) The Interior Noise
Goal
Authority to Approve 
Projects
Identification of DNL 
as The Noise 
Descriptor to be Used 

51.103(b) How to Measure Loud
Impulsive Noises 
The Noise Standards 
Attenuation 
Requirements 
Discussed 

51.104(b)(1) Special Approval and
Environmental Review 
Requirements for the 
Normally
Unacceptable Zone 

51.104(b)(2) Special Approval and
Environmental Review 
Requirements for the 
Unacceptable zone 

51.105(a) Flexibility for Non
acoustic Benefits 
Provisions

51.106(a) How to Tell If
Existing Data on 
Noise Are Acceptable 

51.106(aX4) Specific Review and
Approval Procedures 
For Airport Noise 
Contours

51.106(d) When Noise
Measurements May 
be Used Instead of 
Calculated Levels 
When to Give Credit 
for Proposed Barriers

The list of key sections was 
prepared to help you find the specific 
section you need for a specific 
question or issue. While the 
regulation itself is not really long, an 
index is always useful. We caution 
you, however, against using the index 
to avoid learning the regulations. The 
list was prepared for your 
convenience in applying the 
regulation once you have come to 
understand it.

We prepared the annotated 
regulation because, try as we might, it 
was impossible to anticipate all the 
questions, implementation problems 
and special situations that might 
arise 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 important questions, notes, 
second thoughts etc. and prepared 
this annotated regulation. We hope it 
will give you further insight into what 
the regulation means when it is 
applied in the field.

The basic foundation for and 
structure of the HUD noise program is 
set out in the noise regulation, 24 CFR 
51B. The regulation establishes the 
actual standards, assigns 
implementation responsibilities, 
describes review and approval 
procedures, and identifies special 
situations which may warrant waivers 
of procedures or standards.
Therefore, the key to your 
understanding and implementation of 
the HUD noise program is a clear 
understanding of the regulation.

There is no way to escape the task 
of sitting down and simply reading the 
regulations, over and over until you 
thoroughly understand them. We have 
however done two things that will 
help you apply the regulations. First, 
for quick reference, we have prepared 
a list of the key sections in the 
regulation and second we have 
prepared an annotated copy of the 
regulation.

51.102(a)

51.103(a)

51.103(c) 
51.104(a)

51.106(f)

:
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(6) Provide policy to guide 
implementation of various HUD 
programs.

(b) Authority. Specific authorities 
for noise abatement and control are 
contained in:

(1) The Noise Control Act of 1972 
(Pub. L. 92-574) which directs Federal 
agencies to administer their programs 
in ways which reduce noise pollution.

(2) The Quiet Communities Act of 
1978 (Pub. L. 95-609) which amended 
Pub. L. 92-574.

(3) The General Services 
Administration, Federal Management 
Circular 75-2: Compatible Land Uses 
at Federal Airfields prescribes the 
Executive Branch’s general policy 
with respect to achieving compatible 
land uses on either public or privately 
owned property at or in the vicinity of 
Federal airfields.

(4) Section 1113 of the Housing 
and Urban Development Act of 1965 
(Pub. L. 89-117) directs the Secretary

to determine feasible methods 
of reducing the economic loss and 
hardships suffered by homeowners as 
a result of the depreciation in the 
value of their properties following the 
construction of airports in the vicnity 
of their homes, including a study of 
feasible methods of insulating such 
homes from the noise of aircraft.”

Federal Register/Vol. 44, No. 235/ 
Thursday, July 12, 1979/
Rules and Regulations 40861

Part 51—Environmental Criteria 
and Standards

Subpart A—General Provisions 

Sec.
§51.1 Purpose.
§51.2 Authority.
§51.3 Responsibilities.
§51.4 Program coverage.
§51.5 Coordination with environ
mental clearance requirements. 
§51.6 [Reserved]

Subpart B—Noise Abatement and 
Control
§51.100 Purpose and authority. 
§51.101 General policy.
§51.102 Responsibilities.
§51.103 Criteria and standards. 
§51.104 Special requirements. 
§51.105 Exceptions.
§51.106 Implementation.

14* * *

Appendix to Subpart B

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

Subpart B—Noise Abatement and 
Control

This regulation replaces 
HUD Circular 1390.2, 
Noise Abatement and 
Control, 1971, which is 
now cancelled, along 
with all instructions and 
clarifying memoranda 
pertaining to the 
circular.

§51.101 General policy.
(a) It is HUD’s general policy to 

provide minimum national standards 
applicable to HUD programs to 
protect citizens against excessive 
noise in their communities and places 
of residence.

(1) Comprehensive planning assist
ance. HUD requires that grantees 
give adequate consideration to noise 
exposures and sources of noise as an 
integral part of the urban environment 
in HUD assisted comprehensive plan
ning, as follows:

(1) Particular emphasis shall be 
placed on the importance of 
compatible land use planning in 
relation to airports, highways and 
other sources of high noise.

(ii) Applicants shall take into 
consideration HUD environmental 
standards impacting the use of land 
as required in 24 CFR Part 600.

(iii) Environmental studies, 
including noise assessments, are 
allowable costs.

(2) Community Development Block 
Grants. Recipients of community 
development block grants under the 
Housing and Community 
Development Act of 1974 (Pub. L 
93-383), as amended by the Housing 
and Community Development Act of 
1977 (Pub. L 95-128), must take into

§51.100 Purpose and authority.
(a) Purpose. The Department of 

Housing and Urban Development 
finds that noise is a major source of 
environmental pollution which 
represents a threat to the serenity 
and quality of life in population 
centers and that noise exposure may 
be a cause of adverse physiological 
and psychological effects as well as 
economic losses.

It is the purpose of this Subpart
to:

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

(2) Encourage the control of noise 
at its source in cooperation with 
other Federal departments and 
agencies;

(3) Encourage land use patterns 
for housing and other noise sensitive 
urban needs that will provide a 
suitable separation between them 
and major noise sources;

(4) Generally prohibit HUD support 
for new construction of noise 
sensitive uses on sites having 
unacceptable noise exposure;

(5) Provide policy on the use of 
structural and other noise 
attenuation measures where needed;
and

10



_ (5) HUD support of modernization
and rehabilitation. For modernization 
projects located in all noise exposed 
areas, HUD shall encourage noise 
attenuation features in alterations. 
For major or substantial rehabilitation 
projects in the Normally 
Unacceptable and Unacceptable 
noise zones, HUD actively shall seek 
to have project sponsors incorporate 
noise attenuation features, given the 
extent of the rehabilitation being 
undertaken and the level of exterior 
noise exposure. In Unacceptable 
noise zones, HUD shall strongly 
encourage conversion of noise- 
exposed sites to land uses 
compatible with the high noise levels.

(6) Research, guidance and 
publications. HUD shall maintain a 
continuing program designed to 
provide new knowledge of noise 
abatement and control to public and 
private bodies, to develop improved 
methods for anticipating noise 
encroachment, to develop noise 
abatement measures through land 
use and building construction 
practices, and to foster better 
understanding of the consequences 
of noise. It shall be HUD’s policy to 
issue guidance documents 
periodically to assist HUD personnel 
in assigning an acceptability category 
to projects in accordance with noise 
exposure standards, in evaluating 
noise attenuation measures, and in 
advising local agencies about noise 
abatement strategies. The guidance 
documents shall be updated 
periodically in accordance with 
advances in the state-of-the-art.

(7) Construction equipment, 
building equipment and 
appliances. HUD shall encourage the 
use of quieter construction 
equipment and methods in population 
centers, the use of quieter equipment 
and appliances in buildings, and the 
use of appropriate noise abatement 
techniques in the design of 
residential structures with potential 
noise problems.

consideration the noise criteria and 
standards in the environmental review 
process and consider ameliorative 
actions when noise sensitive land 
development is proposed in noise 
exposed areas. Grant recipients shall 
address deviations from the stand
ards in their environmental reviews as 
required in 24 CFR Part 58.

Where CDBG activities are planned 
in a noisy area, and HUD assistance is 
contemplated later for housing and/or 
other noise sensitive activities, the 
CDBG grantee risks denial of the HUD 
assistance unless the HUD standards 
are met. Environmental studies, 
including noise assessments, are 
allowable costs.

(3) HUD support for new 
construction. HUD assistance for the 
construction of new noise sensitive 
uses is prohibited generally for 
projects with Unacceptable noise 
exposures and is discouraged for 
projects with Normally Unacceptable 
noise exposure. (Standards of accept
ability are contained in §51.103(c).)
This policy applies to all HUD 
programs providing assistance, 
subsidy or 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 facilities and serv
ices which are directed to make land 
available for housing or noise 
sensitive development. The policy 
does not apply to research 
demonstration projects which do not 
result in new construction or 
reconstruction, flood insurance, 
interstate land sales registration, or 
any action or emergency assistance 
under disaster assistance programs 
which are provided to save lives, 
protect property, protect public health 
and safety, remove debris and 
wreckage, or assistance provided that 
has the effect of restoring facilities 
substantially as they existed prior to 
the disaster.

The old definition of 
major or substantial 
rehabilitation and 
modernization as being 
any project where cost is 
75% or more of replace
ment cost no longer 
applies. Now the criteria 
contained in individual 
program guidance 
applies.

I

(4) HUD support for existing 
construction. Noise exposure by 
itself will not result in the denial of 
HUD support for the resale and 
purchase of otherwise acceptable 
existing buildings. However, 
environmental noise is a marketability 
factor which HUD will consider in 
determining the amount of insurance 
or other assistance that may be given.

Existing construction 
means units which are 
either more than 1 year 
old or for which this is 
the second or 
subsequent purchaser.

!

;
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(4) In cases where the Regional 
Administrator determines that an 
important precedent or issue is 
involved, such cases shall be referred 
with recommendations to the 
Assistant Secretary for Community 
Planning and Development.

(b) Surveillance of noise problem 
areas. Appropriate field staff shall 
maintain surveillance of potential 
noise problem areas and advise local 
officials, developers, and planning 
groups of the unacceptability of sites 
because of noise exposure at the 
earliest possible time in the decision 
process. Every attempt shall be made 
to insure that applicants’ site choices 
are consistent with the policy and 
standards contained herein.

(c) Notice to applicants. At the 
earliest possible stage, HUD program 
administrators shall:

(1) Determine the suitability of the 
acoustical environment of proposed 
projects;

(2) Notify applicants of any adverse 
or questionable situations; and

(3) Assure that prospective 
applicants are apprised of the stand
ards contained herein so that future 
site choices will be consistent with 
these standards.

(d) Technical assistance. Technical 
assistance in the measurement, 
estimation, interpretation, or 
prediction of noise exposure is 
available from the Office of 
Community Planning and 
Development and the Office of Policy 
Development and Research. Field 
office questions shall be forwarded 
through the Regional Office to the 
Assistant Secretary for Community 
Planning and Development or his 
designee.

(e) Interdepartmental 
coordination. Regional 
Administrators shall foster 
appropriate coordination between 
field offices and other departments 
and agencies, particularly the 
Environmental Protection Agency, the 
Department of Transportation, 
Department of Defense 
representatives, and the Veterans 
Administration. HUD staff shall utilize 
the acceptability standards in 
commenting on the prospective 
impacts of transportation facilities 
and other noise generators in the 
Environmental Impact Statement 
review process.

(8) Exterior noise goals. It is a 
HUD goal that exterior noise levels do 
not exceed a day-night average sound 
level of 55 decibels. This level is 
recommended by the Environmental 
Protection Agency as a goal for 
outdoors in residential areas. The 
levels recommended by EPA are not 
standards and do not take into 
account cost or feasibility. For the 
purposes of this regulation and to 
meet other program objectives, sites 
with a day-night average sound level 
of 65 and below are acceptable and 
are allowable (see Standards in
§51.103(c)).

(9) Interior noise goals. It is a HUD 
goal that the interior auditory 
environment shall not exceed a day- 
night average sound level of 45 
decibels. Attenuation measures to 
meet these interior goals shall be 
employed where feasible. Emphasis 
shall be given to noise sensitive 
interior spaces such as bedrooms. 
Minimum attenuation requirements 
are prescribed in §51.104(a).

(10) A cous tical privacy in 
multifamily buildings. HUD shall 
require the use of building design and 
acoustical treatment to afford 
acoustical privacy in multifamily 
buildings pursuant to requirements of 
the Minimum Property Standards.

The Noise Control Act of 
1972 required EPA to 
“publish information on 
the levels of 
environmental 
noise.. .which.. .are 
requisite to protect the 
public health and welfare 
with an adequate margin 
of safety.” EPA has 
interpreted this to mean 
that the levels should not 
reflect technical 
feasibility or economic 
costs. “Health and 
welfare” is defined as 
being “complete 
physical, mental and 
social well-being and not 
merely the absence of 
disease and infirmity.”

§51.102 Responsibilities.
(a) Authority to approve 

projects. (1) Decisions on proposed 
projects with acceptable noise 
exposures shall be delegated to the 
program personnel within field 
offices, including projects where 
increased noise levels are considered 
acceptable because of non-acoustic 
benefits under §51.105(a). Field office 
program personnel may also approve 
projects in normally unacceptable 
noise exposed areas where adequate 
sound attenuation is provided and 
where the project does not require an 
Environmental Impact Statement 
under §51.104(b).

(2) Other approvals in normally 
unacceptable noise exposed areas 
require the concurrence of the 
Regional Administrator.

(3) Requests for approvals of 
projects or portions of projects with 
unacceptable noise exposures shall 
be referred through the Regional 
Office to the Assistant Secretary for 
Community Planning and 
Development for approval pursuant to 
§51.104(b).
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Methods for assessing the 
contribution of loud impulsive sounds 
to day-night average sound level at a 
site and mathematical expressions 
for determining whether a sound is 
classed as “loud impulsive” are 
provided in the Appendix.

(c) Exterior standards. The degree 
of acceptability of the noise 
environment at a site is determined by 
the sound levels external to buildings 
or other facilities containing noise 
sensitive uses. The standards shall 
usually apply at a location 2 meters 
(6.5 feet) from the building housing 
noise sensitive activities in the 
direction of the predominant noise 
source. Where the building location is 
undetermined, the standards shall 
apply 2 meters (6.5 feet) from the 
building setback line nearest to the 
predominant noise source. The 
standards shall also apply at other 
locations where it is determined that 
quiet outdoor space is required in an 
area ancillary to the principal use on 
the site.

§51.103 Criteria and standards.
These standards apply to all 

programs as indicated in §61.101.
(a) Measure of external noise 

environments. The magnitude of the 
external noise environment at a site is 
determined by the value of the day- 
night average sound level produced 
as the result of the accumulation of 
noise from all sources contributing to 
the external noise environment at the 
site. Day-night average sound level, 
abbreviated as DNLand symbolized 
as L<jn> *s the 24-hour average sound 
level, in decibels, obtained after 
addition of 10 decibels to sound 
levels in the night from 10 p.m. to 7 
a.m. Mathematical expressions for 
average sound level and day-night 
average sound level are stated in the 
Appendix.

(b) Loud impulsive sounds. On an 
interim basis, when loud impulsive 
sounds, such as explosions or sonic 
booms, are experienced at a site, the 
day-night average sound level 
produced by the loud impulsive 
sounds alone shall have 8 decibels 
added to it in assessing the 
acceptability of the site (see 
Appendix). Alternatively, the C- 
weighted day-night average sound 
level (L-cdn) may be used without the 8 
decibel addition, as indicated in 
Section 51.106(a)(3).

This is because the 
reverberation effect of 
sound waves hitting the 
wall will increase the 
noise levels at the site. 
You won’t pick this up 
unless you back off from 
the wall to measure.

The noise environment inside a 
building is considered acceptable if 
(a) the noise environment external to 
the building complies with these 
standards, and (b) the building is 
constructed in a manner common to 
the area or, if of uncommon 
construction, has at least the 
equivalent noise attenuation 
characteristics.

Site Acceptability Standards

Day-night average sound 
level (in decibels) Special 

approvals and 
requirements

Not exceeding 65 dB(1)___None
Above 65 dB but not 
exceeding 75 dB

Acceptable_________
Normally Unacceptable

.Special 
Approvals (2) 
Environmental 
Review (3) 
Attenuation (4) 
.Special 
Approvals (2) 
Environmental 
Review (3) 
Attenuation (5)

Above 75 dBUnacceptable i

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

(2) See Section 51.104(b) for requirements.
(3) See Section 51.104(b) for requirements.
(4) 5 dB additional attenuation required for sites above 65 dB but not 

exceeding 70 dB and 10 dB additional attenuation required for sites above 70 
dB but not exceeding 75 dB. (See Section 51.104(a).)

(5) Attenuation measures to be submitted to the Assistant Secretary for 
CPD for approval on a case-by-case basis.
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§51.104 Special requirements.
(a) Noise attenuation. Noise 

attenuation measures are those 
required in addition to attenuation 
provided by buildings as commonly 
constructed in the area, and 
requiring open windows for 
ventilation. Measures that reduce 
external noise at a site shall be used 
wherever practicable in preference to 
the incorporation of additional noise 
attenuation in buildings. Building 
designs and construction techniques 
that provide more noise attenuation 
than typical construction may be 
employed also to meet the noise 
attenuation requirements.

(1) Normally Unacceptable noise 
zone. Approvals in this zone require 
a minimum of 5 decibels additional 
sound attenuation for buildings 
having noise-sensitive uses if the 
day-night average sound level is 
greater than 65 decibels but does 
not exceed 70 decibels, or a 
minimum of 10 decibels of 
additional sound attenuation if the 
day-night average sound level is 
greater than 70 decibels but does 
not exceed 75 decibels.

(2) Unacceptable noise
zone. Noise attenuation measures 
require the approval of the Assistant 
Secretary for Community Planning 
and Development (See §51.104(b)(2).)

(b) Special Approvals and 
Environmental Review 
Requirements. Environmental 
clearances shall be conducted 
pursuant to the requirements of 
HUD’s Departmental Policies, 
Responsibilities and Procedures for 
Protection and Enhancement of 
Environmental Quality (38 FR 19182 
as amended) or other environmental 
regulations which may be issued by 
the Department. The Special 
Clearance and Environmental Impact 
Statement (EIS) threshold 
requirements are hereby modified for 
all projects proposed in the Normally 
Unacceptable and Unacceptable 
noise exposure zones as follows:

(1) Normally Unacceptable noise 
zone, (i) All projects located in the 
Normally Unacceptable Noise Zone 
require a Special Environmental 
Clearance except an EIS is required 
for a proposed project located in a 
largely undeveloped area, or where 
the HUD action is likely to encourage 
the establishment of incompatible 
land use in this noise zone.

Assumption is that 
standard construction 
provides an average of 
20 Ldn attenuation. At 65 
Ldn or below this 
amount of attenuation 
would be sufficient to 
meet interior level of 45 
Ldn. Additional 
requirements are 
designed to meet this 
goal even when exterior 
noise levels are higher.

Berms and barriers are 
our first choice because 
they provide protection 
for yards, playgrounds, 
etc. Since outdoor 
activity is often very 
important to residents 
we want to protect the 
outdoor areas as much 
as possible.

By definition a barrier 
must be separate from 
the building or area it is 
providing attenuation 
for. After all barriers are 
preferred because they 
improve exterior as well 
as interior levels. Non
noise sensitive buildings 
can, however, be used 
as barriers for noise 
sensitive buildings or 
exterior areas.

Substitute 
Environmental 
Assessment (with ECO 
concurrence) wherever 
you see Special 
Clearance.
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(ii) When an EIS is required, the 
concurrence of the Regional 
Administrator is also required before 
a project can be approved. For the 
purposes of this paragraph, an area 
will be considered as largely 
undeveloped unless the area within a 
2-mile radius of the project boundary 
is more than 50 percent developed for 
urban uses and infrastructure 
(particularly water and sewers) is 
available and has capacity to serve 
the project.

(iii) All other projects in the 
Normally Unacceptable zone require a 
Special Environmental Clearance, 
except where an EIS is required for 
other reasons pursuant to HUD 
environmental policies.

(2) Unacceptable noise zone. An 
EIS is required prior to the approval of 
projects with unacceptable noise 
exposure. Projects in or partially in an 
Unacceptable Noise Zone shall be 
submitted through the Regional 
Administrator to the Assistant 
Secretary for Community Planning 
and Development for approval. The 
Assistant Secretary may waive the 
EIS requirement in cases where noise 
is the only environmental issue and 
no outdoor sensitive activity will take 
place on the site. In such cases, a 
Special Environmental Clearance is 
required.

(6) Other sites which are not 
exposed to noise above l_dn 65 and 
which meet program objectives are 
generally not available.

The above factors shall be 
documented and made part of the 
project file.

§51.106 Implementation.
(a) Use of available data. HUD field 

staff shall make maximum use of 
noise data prepared by others when 
such data are determined to be 
current and adequately projected into 
the future and are in terms of the 
following:

(1) Sites in the vicinity of 
airports. The noise environment 
around airports is described 
sometimes in terms of Noise 
Exposure Forecasts, abbreviated as 
NEF or, in the State of California, as 
Community Noise Equivalent Level, 
abbreviated as CNEL The noise 
environment for sites in the vicinity of 
airports for which day-night average 
sound level data are not available may 
be evaluated from NEF or CNEL 
analyses using the following 
conversions to DNL:
DNL*NEF + 35 
DNL-CNEL

(2) Sites in the vicinity of 
highways. Highway projects 
receiving Federal aid are subject to 
noise analyses under the procedures 
of the Federal Highway 
Administration.

Where such analyses are available 
they may be used to assess sites 
subject to the requirements of this 
standard. The Federal Highway 
Administration employs two alternate 
sound level descriptors: (a) The A- 
weighted sound level not exceeded 
more than 10 percent of the time for 
the highway design hour traffic flow, 
symbolized as L^; or (b) the equivalent 
sound level for the design hour, 
symbolized as Leq. The day-night 
average sound level may be estimated 
from the design hour L^ or l_eq values 
by the following relationships, 
provided heavy trucks do not exceed 
10 percent of the total traffic flow in 
vehicles per 24 hours and the traffic 
flow between 10 p.m. and 7 a.m. does 
not exceed 15 percent of the average 
daily traffic flow in vehicles per 24 
hours:
DNL* L,0 (design hour)—3 decibels 
DNL* L^ (design hour) decibels 

Where the auto/truck mix and time 
of day relationships as stated in this 
Section do not exist, the HUD Noise 
Assessment Guidelines or other 
noise analysis shall be used.

When the area in 
question is in a small 
community outside an 
SMSAand the 
application of the 2 mile 
radius rule would be 
unreasonable, an area 
can be considered largely 
developed if it is 
contiguous to existing 
development and 
infrastructure is available 
and has capacity to serve 
the project. The Assistant 
Secretary will review 
them on a case-by-case 
basis. In all other cases 
the 2 mile radius/50% 
rule still applies.

Caution—every effort 
should be made to get 
official
contours—particularly 
for military installations 
and large air carrier 
airports rather than trying 
to use the Noise 
Assessment Guidelines.§51.105 Exceptions.

(a) Flexibility for non-acoustic 
benefits. Where it is determined that 
program objectives cannot be 
achieved on sites meeting the 
acceptability standard of 65 decibels, 
the Acceptable Zone may be shifted 
to Ldn 70 on a case-by-case basis if all 
the following conditions are satisfied:

(1) The project does not require an 
Environmental Impact Statement 
under provisions of section 104(b)(1) 
and noise is the only environmental 
issue.

(2) The project has received a 
Special Environmental Clearance and 
has received the concurrence of the 
Environmental Clearance Officer.

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

(4) The project is in conformance 
with local goals and maintains the 
character of the neighborhood.

(5) The project sponsor has set 
forth reasons, acceptable to HUD, as 
to why the noise attenuation 
measures that would normally be 
required for new construction in the 
l_dn 65 to L<jn 70 zone cannot be met.

What this really means is 
that the 5db attenuation 
requirement for the 65-70 
Ldp zone is waived. 
Primarily intended for 
urban areas where 
alternative sites are not 
available. Note that all 
conditions must be met.

:

;
i

-
These requirements are 
very important. Be careful 
with design hour values.

i
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Requests for determination on usage 
of new or revised areawide data shall 
include the following:

(i) Maps showing old, if applicable, 
and new noise contours, along with 
brief description of data source and 
methodology.

(ii) Impact on existing and 
prospective urbanized areas and on 
development activity.

(iii) Impact on HUD-assisted 
projects currently in processing.

(iv) Impact on future HUD program 
activity. Where a field office has 
determined that immediate approval 
of new areawide data is necessary 
and warranted in limited geographic 
areas, the request for approval should 
state the circumstances warranting 
such approval. Actions on proposed 
projects shall not be undertaken while 
new areawide noise data are being 
considered for HUD use except where 
the proposed location is affected in 
the same manner under both the old 
and new noise data.

(b) Site assessments. Compliance 
with the standards contained in 
§51.103(c) shall, where necessary, be 
determined using noise assessment 
guidelines, handbooks, technical 
documents and procedures issued by 
the Department.

(c) Variations in site noise 
levels. In many instances the noise 
environment will vary across a site, 
with portions of the site being in an 
Acceptable noise environment and 
other portions in a Normally 
Unacceptable noise environment. The 
standards in §51.103(c) shall apply to 
the portions of a building or buildings 
used for residential purposes and for 
ancillary noise sensitive open spaces.

(d) Noise measurements. Where 
noise assessments result in a finding 
that the site is borderline or 
questionable, or is controversial, 
noise measurements may be 
performed. Where it is determined 
that noise measurements are

• required, such measurements will be 
conducted in accordance with 
methods and measurement criteria 
established by the Department. 
Locations for noise measurements 
will depend on the location of noise 
sensitive uses that are nearest to the 
predominant noise source (see 
§51.103(c)).

(3) Sites in the vicinity of 
installations producing loud 
impulsive sounds. Certain 
Department of Defense installations 
produce loud impulsive sounds from 
artillery firing and bombing practice 
ranges. Noise analyses for these 
facilities sometimes encompass sites 
that may be subject to the 
requirements of this standard. Where 
such analyses are available they may 
be used on an interim basis to 
establish the acceptability of sites 
under this standard.

The Department of Defense uses 
day-night average sound level based 
on C-weighted sound level, ,
symbolized Lcdn, for the analysis of 
loud impulsive sounds. Where such 
analyses are provided, the 8 decibel 
addition specified in 51.103(b), is not 
required, and the same numerical 
values of day-night average sound 
level used on an interim basis to 
determine site suitability for non- 
impulsive sounds apply to the l_cdn.

(4) Use of areawide acoustical 
data. HUD encourages the 
preparation and use of areawide 
acoustical information, such as noise 
contours for airports. Where such 
new or revised contours become 
available for airports (civil or military) 
and military installations they shall 
first be referred to the Regional Office 
(Environmental Clearance Officer) for 
review, evaluation and decision on 
appropriateness for use by HUD. The 
Regional Office shall submit revised 
contours to the Assistant Secretary of 
Community Planning and 
Development for review, evaluation 
and decison whenever the area 
affected is changed by 20 percent or 
more, or whenever it is determined 
that the new contours will have a 
significant effect on HUD programs, 
or whenever the contours are not 
provided in a methodology acceptable 
under §51.106(aX1) or in other cases 
where the Regional Office determines 
that Headquarters review is 
warranted. For other areawide 
acoustical data, review is required 
only where existing areawide data are 
being utilized and where such data 
have been changed to reflect changes 
in the measurement methodology or 
underlying noise source assumptions.

Contours for future noise 
levels based on new 
construction, mission 
changes etc. which 
become available as part 
of the Environmental 
Impact Statement 
process shall not be used 
until the NEPA process is 
complete and a decision 
on the proposed action is 
made.

When new or revised 
contours are approved, 
make sure all interested 
people in local area are 
informed that HUD will 
be using different 
contours. Make a special 
effort to inform the most 
active developers in area 
or developers who have 
worked with HUD before.

This is also required for 
noise studies for devel
opers by consultants, 
whether to provide 
original data, or to 
contest existing data or a 
HUD analysis. It is 
particularly important to 
make sure the same 
traffic, vehicle or 
operational data were 
used for each study, 
when one study is being 
contested.
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(e) Projections of noise exposure.
In addition to assessing existing 
exposure, future conditions should be 
projected. To the extent possible, 
noise exposure shall be projected to 
be representative of conditions that 
are expected to exist at a time at least 
10 years beyond the date of the 
project or action under review.

(f) Reduction of site noise by use of 
berms and/or barriers. If it is deter
mined by adequate analysis that a 
berm and/or barrier will reduce noise 
at a housing site, and if the barrier is 
existing or there are assurances that 
it will be in place prior to occupancy, 
the environmental noise analysis for 
the site may reflect the benefits 
afforded by the berm and/or barrier.

In the environmental review 
process under §51.104(b), the location 
height and design of the berm and/or 

obtained in writing before barrier shall be evaluated to deter- 
approval.

Again also note that by 
definition a barrier must 
be physically separate
from the building or area Appendix to Subpart B—definition of 
it is providing attenuation acoustical quantities

1. Sound Level. The quantity in 
decibels measured with an 
instrument satisfying requirements of 
American National Standard 
Specification for Type 1 Sound Level 
Meters S1.4-1971. Fast time
averaging and A-frequency weighting 
are to be used, unless others are 
specified. The sound level meter with 
the A-weighting is progressively less 
sensitive to sounds of frequency 
below 1,000 hertz (cycles per second), 
somewhat as is the ear. With fast time 
averaging the sound level meter 
responds particularly to recent 
sounds almost as quickly as does the 
ear in judging the loudness of a 
sound.

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

When projections for 
airports are based on new 
construction or similar 
actions the likelihood 
that such major action 
will actually take place 
should be carefully 
evaluated. This is 
particularly important if 
local funding is required. 
Check to see if initial 
actions such as land 
purchases, bonds etc. 
been taken. If projections 
are just based on 
expanded traffic levels 
make sure they are 
reasonable for the area. 
Projections for smaller 
communities are often 
overly optimistic.

This provision should be 
used with caution. Very 
clear and strong assur
ances that berms or 
barriers will be con
structed should be

mine its effectiveness, and impact on 
design and aesthetic quality, 
circulation and other environmental 
factors.

for.

The Noise Assessment 
Guidelines contain 
procedures for evaluating 
barrier effectiveness.

!
0700

1 10 Mt)+101/10 dtLdn=10l°9lO 86400 '0000

[LA(t)+10]/10 ^
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7. How are loud impulsive sounds to 
be evaluated?
8. At what point on a building’s 

exterior are sound levels to be 
determined?

9. What is the basic assumption 
behind the attenuation levels 
required?
10. What type of attenuation 
measures are preferred?
11. When should building attenuation 
measures be considered?
12. When are EIS’s required?
13. When is an area considered 
“largely undeveloped”?
14. What is “Flexibility for Non- 
Acoustic Benefits”?
15. Six conditions are listed for 
waiving the attenuation requirement 
under the Flexibility for Non-Acoustic 
Benefits provision, how many must be 
met for the waiver to be granted?
16. Who has the authority to grant the 
attenuation requirements waiver 
under the “flexibility” provision?
17. What noise descriptors other than 
DNL are acceptable for aircraft noise 
contours?
18. Who normally approves areawide 
noise data such as airport noise 
contours?
19. If a site is partially in the 
Unacceptable Zone and partially in 
the Normally Unacceptable Zone, 
which review and approval procedures 
apply?
20. When should noise 
measurements be used in lieu of 
areawide data or Noise Assessment 
Guidelines calculations?

Quiz on the Noise Regulations

Answers

Time t is in seconds, so the limits 
shown in hours and minutes are 
actually interpreted in seconds. l_A(t) 
is the time varying value of A- 
weighted sound level, the quantity in 
decibels measured by an instrument 
satisfying requirements of American 
National Standard Specification for 
Type 1 Sound Level Meters 
S1.4-1971.

3. Loud Impulsive Sounds. When 
loud impulsive sounds such as sonic 
booms or explosions are anticipated 
contributors to the noise environment 
at a site, the contribution to day-night 
average sound level produced by the 
loud impulsive sounds shall have 8 
decibels added to it in assessing the 
acceptability of a site.

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

(i) The sound is definable as a 
discrete event wherein the sound level 
increases to a maximum and then 
decreases in a total time interval of 
approximately one second or less to 
the ambient background level that 
exists without the sound; and

(ii) The maximum sound level 
(obtained with slow averaging time 
and A-weighting of a Type 1 sound 
level meter whose characteristics 
comply with ANSI S1.4-1971) exceeds 
the sound level prior to the onset of 
the event by at least 6 decibels; and

(iii) The maximum sound level 
obtained with fast averaging time of a 
sound level meter exceeds the 
maximum value obtained with slow 
averaging time by at least 4 decibels.

issued at Washington, D.C., on July 
5,1979.
Patricia Roberts Harris,
Secretary of Housing and Urban 
Development.
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BILLING CODE 4210-01-11

Quiz on the Noise Regulations 

Questions

1. What is the HUD policy on 
support for existing constructon in 
high noise areas?

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

3. What is HUD's Interior noise 
goal?

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

5. Who approves projects in the 
Unacceptable Zone?
6. What noise descriptor is used to 

express noise levels in the 
regulation?
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Questions and Answers 2. Many small towns aren’t big 
enough for a project to meet the 
definition of infill contained in section 
51.104 (bXIXii)- However, a project 
located in the heart of town can hardly 
be considered to be in a largely 
undeveloped area. Must an EIS be 
prepared?

Not necessarily. If the jurisdiction 
in which the project is located is not 
part of a standard metropolitan area, a 
project may be considered infill if it is 
within or contiguous to the already 
developed area and infrastructure 
(particularly water and sewer) is 
available and has the capacity to 
serve the project. It must also be clear 
that the project will not encourage the 
establishment of other incompatible 
land uses in the normally 
unacceptable noise zone.

If you believe a project meets these 
criteria, submit documentation to the 
Office of Environment and Energy for 
their review and determination.

Chapter 3

Major Policy and 
Implementation Questions 
Related to the Noise 
Regulation

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

Contours that show significant 
reductions in the area exposed to 
high noise levels may seem 
questionable, but, according to the 
Environmental Protection Agency, 
they may be quite accurate. The EPA 
does expect to see some significant 
reductions in the number of people 
exposed to high levels of aircraft 
noise over the next 15 years. In their 
report Aviation Noise: The Next 
Twenty years, EPA stated that they 
expected to see the number of people 
exposed to levels of 65 Ldn or greater 
to drop from a 1975 figure of 5,550,000 
to about 2,650,000 in the year 2000. 
Much of this reduction would occur 
during the period 1980-1985 with 
more modest decreases thereafter. 
The reductions are expected to result 
from the Federal Aviation 
Administration’s current noise 
certification requirements, even with 
up to 100% increases in aircraft 
operations. (Current certification 
requirements are for all new aircraft 
to achieve stage three noise levels 
and all older aircraft to achieve stage 
two levels by 1985. Progress has been 
good in meeting these requirements.)

In general then, you should not be 
surprised to see significant 
reductions in contour size if the 
following conditions are met:

As regulations are applied in the field, 
it is inevitable that questions will 
arise. It is, after all, very difficult to 
anticipate every situation when 
preparing a regulation. Sometimes 
the questions relate to specific and 
unique situations of limited interest 
to anyone but the office involved. 
Other questions, however, raise 
issues of more general concern. In 
this section we have brought together 
the most important and most relevant 
questions that have arisen since the 
noise regulation went into effect in 
August of 1979. We have used a 
question and answer format for your 
convenience.

3. What can we do to reduce the 
procedural burden when, fora variety 
of reasons, the Department expects 
to be considering a number of 
projects in an unacceptable noise 
zone? Most of the projects would 
probably qualify for an EIS waiver, but 
how can we avoid filling repetitive, 
individual requests?

While the number of cases where 
the Department would be seriously 
considering a number of projects 
exposed to unacceptable noise levels 
in the same jurisdiction is likely to be 
limited, there is an alternative to 
individual processing in those 
situations. The alternative is to issue 
an areawide waiver for the entire 
affected jurisdiction. Such a waiver 
can be useful when the unacceptable 
noise zone heavily impacts a 
substantially developed community 
with limited site alternatives. (In most 
cases we would expect that the noise 
source would be aircraft, but in very 
small towns it is possible that a 
heavily used rail line could create a 
large unacceptable noise zone.)

An areawide EIS waiver would, of 
course, have to have a more detailed 
environmental assessment than an 
individual project request, and there 
are other special processing steps.

The following are the topics included:

1. Noise projections for civil airports
2. Definition of infill for small towns
3. Areawide EIS waivers
4. Requirements for modernization 
and rehabilitation projects
5. Use of berms and barriers as 
attenuation measures
6. New and revised airport noise 
contours

• the decrease in size is no more than 
50%;
• the increase in operations is no 
more than 100%; and
• FAR stage 3 aircraft, such as the 
B757 and B767, are included in the 
fleet mix, but not to the total 
exclusion of all other aircraft. 
Assuming that the contours are 
otherwise technically correct, 
significantly smaller contours should 
be acceptable.

:

;

:
'•

;

!
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6. What should we be doing once we 
have processed new or revised 
aircraft noise contours and they have 
been approved for use?

The most important thing you can 
do once new or revised aircraft noise 
contours have been approved for use 
is to tell the people who are most 
likely to be affected by the change. If 
you have a newsletter that you 
regularly publish, that is one way to 
get the word out. At the very least you 
should specifically notify the affected 
jurisdictions and the 
builders/developers who are known to 
be active in the vicinity of the noise 
impacted areas. Make sure you notify 
builders and developers who have 
large scale projects that you have 
been processing in sections. Go back 
and check your files to find them.
Even though you should have done an 
overall environmental review of the 
project at the time the first section 
was submitted, the approval of 
individual sections is dependent on 
the noise levels at the time that 
section is submitted.

5. We know that berms and barriers 
are the preferred type of noise 
attenuation because of the protection 
they provide for outdoor living areas, 
but we need some further guidance on 
when they are really the best choice.

While barriers can be an effective 
noise attenuation technique, they 
must, indeed, be used with caution 
and common sense because they can 
create more problems than they solve. 
Very high noise barriers can create 
significant aesthetic and financial 
problems relative to the noise benefit 
to be achieved. Barriers can block 
light, hinder natural ventilation, create 
an unpleasant sense of being walled 
in, and can be very unattractive. In 
addition, barriers do require 
continuing maintenance and can be 
very costly to build.

It is important to remember that the 
noise regulation says that “measures 
that reduce external noise at a site 
shall be used wherever practicable.”
Is it practicable to propose a 20 foot 
high barrier only 15 feet from the rear 
of a two-story building? Granted it 
would 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 barrier is primarily to 
reduce the noise levels in those 
outdoor areas that people use. The 
secondary purpose is to reduce the 
need for structural attenuation. 
Therefore, the barrier should only be 
as high as is necessary to protect 
those areas. Structural attenuation 
should be required for the parts of the 
building not protected by the barrier. 
And if there aren’t any outdoor areas 
where low noise levels are important, 
barriers shouldn’t be required unless 
they would be more cost effective 
than building attenuation measures.

But if you have a situation where you 
think the Department has a good 
reason to expect to process a number 
of projects within the unacceptable 
noise zone, there is an alternative to 
individual EIS waivers. Contact the 
Office of Environment and Energy for 
details on how to request the 
areawide waiver.

4. What exactly are the processing 
requirements and general policies for 
modernization and rehabilitation 
projects? Does secton 51.104 apply to 
them as well as to new construction? 
The noise regulation is a bit confusing 
on this.

Yes, the noise regulation is a bit 
confusing on this question. We have 
seen several instances where field 
offices have mistakenly applied the 
provisions of Section 51.104 to 
modernization and rehabilitation 
projects. We believe that this happens 
because section 51.104 is not as 
clearly titled as it might have been. It 
would be better if it read “special 
requirements for new construction” 
rather than simply “special 
requirements”.

The only parts of the regulation that 
apply to modernization and 
rehabilitation projects are sections
51.101 (aX5) and the definitions of 
normally unacceptable and 
unacceptable noise zones contained 
in the table in section 51.103. None of 
the other proessing or policy 
provisions of the table or of sections
51.102 and 51.104 apply. Therefore:
• modernization and rehabilitation 
projects are to be processed by the 
field offices regardless of the noise 
zone.
• EIS’s are not required for 
modernization and rehabilitation 
projects unless mandated by other 
applicable environmental regulations.

You must however continue to 
encourage attenuation features in 
modernization and rehabilitation 
projects, in accordance with the 
general policy stated in section 
51.101(aX5).
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While it is not your responsibility to 
provide detailed design assistance to 
the sponsor or developer, you should 
know enough about the attenuation 
options to give him or her a basic 
understanding of what must be done. 
In many cases, you may be able to 
reassure the sponsor or developer 
that the necessary attenuation can be 
achieved through the use of common 
construction techniques or materials. 
Or you may be able to point out how a 
simple site design change can 
achieve the desired result without 
additional cost.

The following sections are 
designed to provide you with the 
information you will need to fulfill 
your responsibilities. Each 
attenuation approach is discussed 
both in terms of basic concepts and in 
terms of what to look for in reviewing 
attenuation proposals. The 
discussion does assume that you 
have a working knowledge of the 
Noise Assessment Gujidelines. If you 
have not worked with the Guidelines 
before or not recently you may want to 
go back and review them, particularly 
the section on calculating the effects 
of barriers.

Chapter 4 

Noise Attenuation

Barrier Noise Reduction 
Concepts

(The following, with some editing and 
with some additional graphics, is 
taken from the Federal Highway 
Administration’s Noise Barrier Design 
Handbook.')

When no obstacles are present 
between [a source] and adjoining 
areas, sound travels by a direct path 
from the “sources”... to [the] 
“receivers”..., as shown in Figure 1. 
Introduction of a barrier between the 
source and receiver redistributes the 
sound energy into several [indirect] 
paths: a diffracted 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 also illustrated in 
Figure 1.

Introducton

HUD’s noise policy (24 CFR 51B) 
clearly requires that noise attenuation 
measures be provided when proposed 
projects are to be located in high 
noise areas. The requirements set out 
in Section 51.104(a) are designed to 
insure that interior levels do not 
exceed the 45 L<jn level established as 
a goal in Section 51.101(a)(9). Thus, in 
effect, if the exterior noise level is 65 
Ldn to 70 Ldn, 25 db of noise 
attenuation must be provided; if the 
exterior noise level is between 70 and 
75 l_dn, then 30 db of attenuation is 
required. Likewise, for projects 
proposed for areas where noise levels 
exceed 75 L^, sufficient attenuaton 
must be provided to bring interior 
levels down to 45 L<jn or below.

There are three basic ways to provide 
the noise attenuation required:

1. the use of barriers or berms
2. site design
3. acoustical construction

1Noise Barrier Design Handbook US Department of 
Transportation, Federal Highway Administration, 
February 1976. (FHWA-RD-76-58).

Figure 1
Alteration of Noise 
Paths by a BarrierOf these, only the first two provide 

any improvement in the exterior 
environment. Because HUD considers 
a quiet exterior environment to be 
important, we prefer the use of those 
measures that reduce exterior levels 
as well as interior levels. The use of 
acoustical construction by itself is, 
therefore, the least preferred 
alternative since it only affects the 
interior levels. While we recognize 
that in many cases barriers or site 
design cannot provide all the 
attenuation necessary, you should 
combine them with acoustical 
construction whenever possible.

Reflected

Source # ——
Transmitted

Your responsibility as a HUD staff 
member is to:
• make sure the project sponsor or 
developer is aware of the attenuation 
requirements for the project.
• make the sponsor aware of the 
options available

Source «

ffTTTTT Iand
• review attenuation proposals to 
make sure they are adequate.

I
;
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Figure 2
Barrier Diffraction

Barrier Diffraction and Attenuation

Consider an infinitely long, infinitely ------------
massive noise barrier placed between 
a highway and the receiver. Figure 2 
illustrates a cross-section through 
such a configuration. [In] this 
example, the only way that sound can 
reach the receiver is by bending over 
the top of the barrier; as shown in the 
figure. The bending of sound waves in 
this manner over an obstacle is 
known as diffraction. The area in 
which diffraction occurs behind the 
barrier is known as the “shadow 
zone.” The straight path from the 
source over the top of the barrier 
forms the boundary of this zone.

All receivers located in the shadow 
zone will experience some sound 
attenuation; the amount of 
attenuation is directly related to the 
magnitude of the diffraction angle <j>. _
As $ increases, the barrier attenuation ______
increases. The angle <f> will increase if 
the barrier height increases, or if the 
source or receiver are placed closer to Figure 3 
the barrier. Clearly then the barrier Path Length 
attenuation is a function of the Difference 5 - A + B - d
geometrical relationship between the 
source, receiver, and barrier. One way 
of relating these parameters to the 
barrier attenuation is to define the 
path-length difference as shown in 
Figure 3. This parameter is the 
difference in distance that the sound 
must travel in diffracting over the top 
of the barrier rather than passing 
directly through it.

In the preceding discussion it was 
assumed that the barrier was 
“infinite”; i.e., long enough to shield 
the receiver from all sound sources up 
and down the highway. For short 
barriers, the attenuation can be 
seriously limited by the sound from 
sections of highway beyond the 
barrier’s ends, which are unshielded 
from the receiver, as shown in Figure 
4. Similarly, when there are large gaps 
in the barrier (to permit access, for 
example), sound from the unshielded 
section of highway adjacent to the 
gap can greatly compromise barrier 
attenuation, especially for those 
receivers close to the opening.

&
Diffracted (bent) Path// iIII/ i.i Receiver

i

Receiver
Source

Barrier

Figure 4
Short-circuit of Barrier Around Ends 
and Through Openings

Plan Road
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is at least 10 dB above the attenuation 
value resulting from diffraction over 
the top of the barrier, the barrier noise 
reduction will not be significantly 
affected by transmission through the 
barrier (decreased by less than 0.5 
dB). For many common materials 
used in barrier construction, such as 
concrete and masonry blocks, TL 
values are usually more than 
adequate. For less massive materials 
such as steel, aluminum and wood, TL 
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 if a barrier material is massive 
enough to prevent significant sound 
transmission, the barrier noise 
reduction can be severely 
compromised if there are holes or 
openings in the barrier. For large 
openings, sound energy incident on 
the barrier will be directly transmitted 
through the opening to the receiver. 
When the opening is small an 
additional phenomenon occurs: upon 
striking the barrier wall the sound 
pressure will increase, resulting in an 
amplification of the transmitted 
sound to the receiver. Thus, the 
presence of openings or holes may 
seriously degrade the noise reduction 
provided by otherwise effective 
barriers.

Barrier Transmission Barrier Reflections

As shown in Figure 1, sound energy 
can be reflected by a barrier wall. For 
the configuration shown in that 
figure, the reflected energy does not 
affect the receiver, but may affect 
receivers located to the left of the 
highway. However the increase in 
noise level for these receivers would 
be less than 3 dB, because this single 
reflection can at most double the 
sound energy. (Remember how you 
combine noise levels? The most you 
add is 3 db when levels are the same.)

The situation is entirely different, 
however, when a double barrier 
situation is involved (refer to Figure 5). 
In addition to the energy that reaches 
the receiver by diffraction over the top 
of the barrier, if the barrier walls are 
reflective, additional sound energy 
can reach the receiver by a reflection 
from the left wall as illustrated in the 
figure. The same principles apply 
when there is a vertical retaining wall 
opposite a noise barrier; similarly, in a 
deep vertical cut the opposite walls 
will create multiple reflections.

If the barrier walls are not perfectly 
reflecting but absorb some of the 
sound energy, the contributon of each 
reflection is decreased by an amount 
that depends upon the absorptive 
characteristics of the barrier. For very 
hard, reflective surfaces, the 
absorption characteristics are very 
poor. Although a serious degradation 
in barrier performance may result for 
the double barrier situation, use of 
materials with good absorption values 
will usually recover all of the lost 
noise reduction.

In addition to the sound that travels 
over the top of the barrier to reach the 
receiver, sound can travel through the 
barrier itself. The amount of sound 
“transmission” through the barrier 
depends upon factors relating to the 
barrier material (such as its weight 
and stiffness), the angle of incidence 
of the sound, and the frequency 
spectrum 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 related to the ratio of the 
incident noise energy to the 
transmitted noise energy. 
Transmission loss values are 
normally expressed in decibels and 
represent the amount noise levels will 
be reduced when the sound waves 
pass through the material. The higher 
the TL value the less noise 
transmitted through the material. 
Typically, the TL value improves with 
increasing surface weight of the 
material.

The noise reduction provided by a 
barrier can be severely compromised 
if the TL value of the material permits 
too much noise to pass through the 
barrier. This is due to the fact that 
when attenuation is a function of two 
or more factors, the noise level at the 
measurement point is actually the 
combination of the reduced noise 
levels resulting from each attenuation 
factor. For example, with a typical 
barrier the noise 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 receiver point is the 
combination of the attenuated levels 
resulting from each attenuation step.
If the starting noise level is 65 db and 
the noise level is reduced 10 db when 
the sound waves pass through the 
barrier then the attenuated level 
reaching the receiver is 55 db. If the 
attenuation provided by the sound 
waves 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 Noise Assessment 
Guidelines to combine the two 
individual attenuated levels, one finds 
that the combined attenuated level is 
actually 58 db. Thus even though the 
attenuation value of each attenuation 
step was 10 db, the actual reduction 
for the receiver is only 7 db. It is, 
however, a function of the way noise 
levels combine that if the difference 
between levels is greater than 10 db it 
does not affect the levels. As a 
general rule, therefore, if the TL value
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There are four things to check when 
determining the adequacy of a 
proposed barrier:
1. Is it high enough?
2. Is it long enough?
3. Is it made of the right materials?
4. Is it properly constructed?

Is it High Enough?

In order for a barrier to be effective it 
must be at least high enough to break 
the line of sight between the source 
and the receiver. In the Noise 
Assessment Guidelines you will find 
the procedure for determining how 
much attenuation is provided by a 
barrier of a given height.

In general, barriers and berms are 
most effective for one and two story 
buildings because a relatively low 
barrier can often provide the 
attenuation needed. The height that 
might be required to provide 
attenuation for much taller buildings 
is often not feasible for either cost 
or aesthetic reasons. However, even 
if a barrier can not be made high 
enough to attenuate the upper floors 
of a multistory building, it may still 
be able to provide some protection 
for outdoor recreational areas.
Before discarding the barrier idea 
check for this possibility.

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

As a general rule, barriers work 
better the closer they are to the 
source. Figure 6 shows a barrier that 
does not block the line of sight at all 
when it is located next to the 
receiver, yet is quite tall enough 
when located next to the source. 
Thus, if the sponsor or developer 
can not make the barrier any taller, 
perhaps he or she can move it closer 
to the source.

Another way to get more 
attenuation without increasing 
overall barrier height is to bend the 
top of the barrier towards the 
source. Figure 7 shows a case where 
a barrier built perfectly straight 
provides 8 dB of attenuation. A 
barrier with the same overall height 
but with a 45 degree bend towards 
the source provides 9.5 dB of 
attenuation. Thus if the project 
sponsor or developer wants to keep 
the overall height of the barrier 
down, he or she can still increase 
the attenuation provided simply by 
bending the top.

Summary
(From: Design Guide, National Bureau 
of Standards1)

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

It should be mentioned that the use 
of barrier walls with sloped sides 
(forming angles of grater than 10-15 
degrees from the vertical) will also 
generally eliminate multiple 
reflections. Use of earth berms is 
particularly appropriate to accomplish 
this. Sloped barrier walls will require 
more material to achieve a desired 
height than a vertical wall, while 
berms will require greater right-of-way 
than a thin wall.

• If a barrier does not block the line- 
of-sight between the source and 
receiver, the barrier will provide little 
or no attenuation.
• If a barrier is constructed of a 
material with a surface weight density 
greater than 4 lb/ft2 and there are no 
openings through the barrier, 
transmitted sound will usually be 
negligible.
• If there are openings totaling over 
10 percent or more of the barrier area, 
barrier attenuation will be negligible.
• Diffracted sound is usually the 
most important aspect in estimating 
barrier attenuation.
• Reflected sound can be important 
for receivers on the source side of a 
barrier, but it normally is not a factor 
for receivers on the side opposite 
from the source. Hence reflected 
sound is usually not important to your 
building and site.
• Transmission of sound around the 
ends of the barrier can be critical if 
the barrier included angle is less than 
170°.
• Barrier attenuations greater than an 
A-weighted sound level difference of 
10 dB are difficult to obtain.
• For two or more barriers “in 
series,” consider only the “dominant” 
barrier.
• Assume no attenuation for a 
receiver located beyond the end of a 
barrier.

Ground Effects

Consider again the direct path of 
sound from the source to receiver as 
illustrated in Figure 1 in the absence 
of any obstacles. For sources and 
receivers located close to the ground, 
in addition to this direct path sound 
energy may reach the receiver by 
reflecting off the ground. When the 
terrain is relatively hard and flat, such 
a reflection will add to the noise from 
the direct path to increase the level at 
the receiver. However, when the 
ground is soft, there may be a phase 
reversal upon reflection such that the 
noise from the ground reflection path 
will destructively interfere with the 
noise from the direct path resulting in 
a significant reduction in noise levels 
at the receiver.

This reduction in level, known as 
ground-effect attenuation, is in 
excess of the 3 dB per doubling of 
distance propagation loss for a line 
source of noise and occurs only above 
soft absorptive 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. 
These effects are most apparent for 
receivers on the ground floor, and 
decrease rapidly as receiver height 
above ground increases.

While ground absorption effects 
are not completely understood, it is 
generally believed that these effects 
account for the 4.5 dB per doubling of 
distance propagation loss observed 
over soft ground, as compared to the 
3 dB propagation loss observed over 
hard ground. The implication with 
regard to barrier design is that 
placement of a barrier over soft 
ground between source and receiver 
will re-direct the sound over the top of 
the barrier, thus destroying the 
ground reflection and the additional 
1.5 dB per doubling of distance 
attenuation. Thus, the barrier must be 
designed to provide more reduction 
than would otherwise be necessary, 
to compensate for the lost ground 
effects over absorptive ground.

Reviewing Barrier Proposals

An effective barrier is one which 
reduces the noise level behind the 
barrier to 65 L<jn or lower. If a barrier 
can reduce the exterior noise level to 
65 l_dn, then standard construction 
techniques should be sufficient to 
insure an interior level of 45 l_dn or 
below. Therefore, if you determine 
that a proposed barrier is adequate to 
reduce the exterior noise level to 65 
L<jn then no additional attenuation 
measures should be necessary.

1Design Guide for Reducing 
Transportation Noise in and Around 
Buildings, US Department of Commerce, 
National Bureau of Standards, April 1978. 
(Building Science Series 84)

24



Thus, if your review of a proposed 
barrier shows it to be too short, but 
it can not be made any higher, 
suggest that the barrier be moved 
closer to the source or that it be 
bent at the top, or both.

Is It Long Enough?

Figure 6
Effect of Moving the Barrier 
Closer to the Source

Roadway
Barrier □ cr °r Once you have established how 

much attenuation the barrier 
provides due to its height, you must 
determine if the length of the barrier 
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 
are, as there were with barrier 
heights, some recommendations you 
can make on how to improve the 
effectiveness of the barrier.

Again, if you bend the edges of 
the barrier, this time towards the 
receiver not the source, you will 
increase the effectiveness of the 
barrier. Figure 8 shows how much a 
barrier's effectiveness can be 
improved by bending the edges.

You can also improve the 
effectiveness of the barrier by 
moving it closer to the receiver. 
Figure 9 shows how much a barrier’s 
effectiveness can be increased by 
moving it closer to the receiver. Now 
obviously, this creates a conflict 
with what we said earlier about 
moving the barrier closer to the 
source. Clearly each case will 
require a different compromise. If 
height is not a limiting factor but 
length is, you might recommend to 
the project sponsor or developer that 
the barrier be moved closer to 
receiver and the height increased as 
necessary. If the reverse is true, you 
would want to recommend the 
opposite. If both height and length 
are limited, then the sponsor or 
developer must find that optimum 
point where the effeciveness of both 
the barrier height and the barrier 
length is as high as possible.

Receiver125'
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Effect of Bending the Top of the 
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Is It Made of The Right Materials?

Even if a barrier is high enough and 
long enough, its effectiveness can 
be severely reduced if it is made up 
of lightweight materials that easily 
transmit sound waves. In the 
preceding section on barrier 
concepts we talked about how if the 
transmission loss value for the 
barrier material was not at least 10 
db higher than the attenuation value 
of the barrier based on length and 
height there would be a significant 
reduction in the effectiveness of the 
barrier.

Therefore, once you have 
calculated the basic attenuation 
potential of the barrier, you must 
check to make sure the proper 
material is being used to build the 
barrier. Table 1 lists the 
transmission loss values for 
materials commonly used in barrier 
construction. Once you have found 
the transmission loss value for the 
material being used, go to Table 2. 
Read down the column with the 
transmission loss for the material at 
its top and across the line that has 
the attenuation potential for the 
barrier listed. Where the two 
intersect you will find the actual 
attenuation capability of the barrier.

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

Figure 8
Effect of Bending the Edges of Barrier 
Towards Receiver
(Both Barriers have Potential Value of 10db)

Roadway

Property LineI
Barrier

122°

Receiver

i

Attenuation Value: 5db

Roadway

i Property Linei
Barrier

166°

Is It Properly Constructed?

Holes or openings can substantially 
reduce the effectiveness of a barrier. 
A barrier that has openings totaling 
50% or more of its total area will 
provide no attenuation. A barrier that 
has openings totaling 10% of its total 
area has a maximum attenuation 
value of approximately 4db. That is 
4db no matter how high, how long or 
how thick the barrier. So you can see 
that it is very important that the 
barrier is made of solid materials and 
that it is tightly constructed. In 
general the intended openings in a 
barrier should equal no more than 1 % 
of total area and the construction 
specifications should require that all 
joints are tightly sealed.

Receiver

Attenuation Value: 9db
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A Final NoteFigure 9
Effect of Moving Barrier 
Closer to Receiver One thing should have become clear 

to you as you have been reading this 
section, and that is that in order for 
you to adequately review a project 
sponsor or developer’s proposed 
barrier you must be given fairly 
specific information about the exact 
dimensions of the proposed barrier, 
the type and thickness of the barrier 
material, and the exact design of the 
barrier including construction 
specifications. Without this 
information you will be unable to do 
any more than a cursory evaluation, 
an evaluation that could be far from 
accurate. Make sure you make it clear 
to the developer or sponsor what you 
need to have.

Roadway

Attenuation 
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Table 1
Transmission Loss Value for Common 
Barrier Materials

■

i

Thickness, Transmission 
(Inches) Loss, dBA (1)Material

Woods Lamina 
on Plywood 
Plastic 
Lamina on 
Particle 
Board

3/4 21-23Concrete, 
Masonry, etc.

Fir 1/2 17 3/4 21-23Light
Concrete

1 20
3642 24

6 39Pine 1/2 16
Dense
Concrete
Concrete
Block

191
4042 23

MiscellaneousRedwood 1/2 16
324191
3662 23 Glass (Safety 

Glass)Cinder Block 6 
(Hollow Core) 
Brick 
Granite

28Cedar 1/2 15 1/8 22
1 18 261/43342 22 Plexiglass

(Shatterproof)
Masonite
Fiberglass/
Resin
Stucco on
Metal Lath
Polyester
with
Aggregate
Surface

404Plywood 1/2 20 22-25
231 1/2 20

Particle
Board 1/2 20 Composites 1/8 20

321Aluminum
Faced
Plywood
Aluminum
Faced
Particle
Board
Plastic

Metals 21-233/4
3 20-30

Aluminum 1/16 23
21-233/41/8 25

■1/4 27
Steel 1824 ga 

20 ga 
16 ga

22 1A-weighted TL based on generalized truck 
spectrum. Source: Noise Barrier Design 
Handbook, FHWA

15 •:
281/16Lead
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Table 2
Noise Reduction of a Barrier as a 
Function of Its Transmission Loss

Tramission Loss, dB of MaterialsDesigned 
Attenuation, dB 
(from height) 
and length)

302510 15 20

5.03.8 4.6 4.9 5.05
6.04.5 5.5 5.8 6.06
7.052 6.4 6.8 6.97

5.9 8.08 7.2 7.7 7.9
6.59 8.0 8.7 8.9 9.0
7.010 8.8 9.6 9.9 10.0
7.511 9.5 10.5 10.8 11.0
7.912 10.2 11.911.4 11.8

13 8 2 10.9 12.912.2 12.7
8.514 11.5 13.0 13.7 13.9

15 8.8 12.0 13.8 14.6 14.9
16 9.0 12.5 14.5 15.5 15.8
17 9 2 12.9 15.2 16.7 16.8
18 9.4 13 2 15.9 17.2 17.7
19 9.5 13.5 16.5 18.0 18.7
20 9.6 13.8 17.0 18.8 19.6

Source: Noise Barrier Design Handbook, FHWA!
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means, besides acoustical design and 
construction, of reducing noise 
impacts. This is because it is nearly 
impossible to provide physical 
shielding for the higher stories from 
adjacent noise.

Noise Compatible Land Uses as 
Buffers

receivers. Playgrounds and parks are 
not necessarily noise compatible 
activities.
3. locating barrier-type buildings 
parallel to the noise source or the 
highway; and
4. orienting the residences away from 
the noise.

Acoustical Site Planning 
Concepts

(This section, with some editing, is 
from The Audible Landscape, FHWA.1)

The arrangement of buildings on a 
site can be used to minimize noise 
impacts. If incompatible land uses 
already exist, or if a noise sensitive 
activity is planned, acoustical site 
planning often provides a successful 
technique for noise impact reduction.

The implementation of many of the 
above site planning techniques can 
be combined through the use of 
cluster and planned unit development 
techniques.

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

Many site planning techniques can be 
employed to shield a residential 
development from noise. These can 
include:

Distance

Noise can be effectively reduced by 
increasing the distance between a 
residential building and a highway. 
Distance itself reduces sound: 
doubling the distance from a noise 
source can reduce its intensity by as 
much as 3 dBA. In the case of highrise 
buildings, distance may be the only

1. increasing the distance between 
the noise source and the receiver;
2. placing noise compatible land 
uses such as parking lots, 
maintenance facilities, and utility 
areas between the source and the

'The Audible Landscape: A Manual for 
Highway Noise and Land Use, US 
Department of Transportation, The Federal 
Highway Administration, November 1974. 
(GPO Stock Number: 5000-00079.)

Figure 10
Use of a Parking Garage to 
Shield a Residential Area

:
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Cluster and Planned Unit 
Development

A cluster subdivision is one in which 
the densities prescribed by the zoning 
ordinance are adhered to but instead 
of applying to each individual parcel, 
they are aggregated over the entire 
site, and the land is developed as a 
single entity. A planned unit 
development, or P.U.D., is similar but 
changes in land use are included, 
such as apartments and commercial 
facilities in what would otherwise be a 
single-family district.

From Figure 11 it can be seen how 
the conventional grid subdivision 
affords no noise protection from the 
adjacent highway. The first row of 
houses bears the full impact of the 
noise. In contrast, the cluster and 
P.U.D. techniques enable open space 
and commercial uses respectively to 
serve as noise buffers. Examples of 
this are shown in Figures 12 and 13. A 
word of caution is necessary: in a 
cluster development, the required 
open space can be located near the 
highway to minimize noise to the 
residences. However, many recreation 
uses are noise sensitive, and when 
one takes advantage of the flexibility 
of cluster development to minimize 
noise, care must be taken not to use 
all of the available open space in

because (a) the noise pattern can be 
more annoying in perpendicular 
rooms and (b) windows on 
perpendicular walls do not reduce 
noise as effectively as those on 
parallel walls because of the angle of 
the sound. Road noise can be more 
annoying in perpendicular rooms 
because it is more extreme when it 
suddenly comes in and out of earshot 
as the traffic passes around the side 
of the building, rather than rising and 
falling in a continuous sound, as it 
would if the room were parallel to 
passing vehicles.

Whether the noise impact is greater 
on the perpendicular or the parallel 
wall will depend on the specific 
individual conditions. Once the most 
severely impacted wall or walls are 
determined, noise impacts may be 
minimized by reducing or eliminating 
windows from these walls.

Buildings can also be oriented on a 
site in such a way as to exploit the 
site’s natural features. With reference 
to noise, natural topography can be 
exploited and buildings placed in low 
noise pockets if they exist. If no 
natural noise pockets exist, it is 
possible to create them by excavating 
pockets for buildings and piling up 
earth mounds between them and the 
noise. Such a structure would 
obstruct the sound paths and reduce 
the noise impacts on the residences.

Fitzgerald Expressway and the 
entrance to the Callahan Tunnel 
which are shown on the site plan are 
major and noisy traffic routes. In 
addition to protecting the residential 
development from the noise and dirt 
of highway traffic, the parking garage 
provides needed facilities for the 
residents.

Buildings as Noise Shields

Additional noise protection can be 
achieved by arranging the site plan to 
use buildings as noise barriers. A long 
building, or a row of buildings parallel 
to a highway can shield other more 
distance structures or open areas 
from noise.

If the building being used as a 
barrier is sensitive to highway noise, 
the building itseif must first be 
soundproofed. This technique was 
used in a housing project in England 
where a 3,900 foot long, 18 foot wide 
and 45-70 foot high wall (depending 
on the terrain) serves as both 
residence and a sound shield. The 
wall/building will contain 387 
apartments in which the kitchens and 
bathrooms are placed towards the 
noise, and the bedrooms and living 
rooms face away from the highway. 
The wall facing the highway will be 
soundproofed and windows, when 
they exist, are sealed. Substantial 
noise reductions are expected.

Orientation

The orientation of buildings or 
activities on a site affects the impact 
of noise, and the building or activity 
area may be oriented in such a way as 
to reduce this impact.

Noise impacts can be severe for 
rooms facing the roadway since they 
are closest to the noise source. The 
noise impact may also be great for 
rooms perpendicular to the roadway

Figure 12
Placement of Noise Compatible Uses Near a 
Highway in a PUD

OPEN SPACE;

Figure 11
Conventional Grid Subdivision
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between the receiver and the source. 
Then determine if the building is long 
enough. It is not necessary to check 
to make sure it is made of the proper 
materials or that it is properly 
constructed since the building will be 
inherently thick enough not to have 
any problems. Again, however, if the 
building being proposed as a barrier 
contains noise sensitive uses you 
must first verify that it is properly 
soundproofed. (See the next section 
for guidance on acoustical 
construction.) If the building is not 
properly soundproofed then it can not 
be used as a barrier for other 
buildings.

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

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

In order to determine whether the 
proposed site plan changes will

buffer strips, thus depriving the 
development of a significant open 
space area. Where high noise levels 
exist, a combination of buffer strips 
and other techniques (such as berms 
and acoustical sound proofing) can be provide adequate separation between

the source and the receiver, you 
simply go back to the Noise 
Assessment Guidlines procedures. 
You can use the Guidelines both to 
determine if the proposed separation 
distance is sufficient or to determine

employed.
The flexibility of the cluster and 

planned unit development techniques 
allows many of the above site 
planning techniques to be realized 
and effective noise reduction 
achieved. the necessary separation distance. 

You should at this point check to 
make sure that the uses being located 
in the “buffer zone” between the 
source and the receiver are indeed 
noise compatible uses. If parks or 
playgrounds are located in the buffer 
zone, make sure they are not the only 
ones associated with the project.

To determine whether the noise 
compatible buildings being proposed 
as barriers are adequate, you simply 
use the procedures outlined in the 
preceding section. Determine whether 
the building is high enough to 
properly break the line of sight

Reviewing Site Plans

There are two main things to check 
when reviewing site plan changes to 
determine if the revised site plan 
provides adequate attenuation for the 
noise sensitive uses:

1. Is the separation between the 
source and the receiver great enough?
2. If noise-compatible buildings are 
being used as barriers for other 
buildings, are they adequate barriers, 
i.e., are they long enough and are they 
high enough? (And, if the buildings

Figure 13
Open Space Placed Near a Highway in a 
Cluster Development
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Figure 14
Orientation of Buildings on Sites
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Acoustical Construction 
Concepts

(This section, with some editing is 
taken from the Audible Landscape, 
FHWA.1)

If rated specifically for transportation Walls 
noise the dB reduction rating might 
drop to 34 dB.4 All this really means, 
however, is that you should use the 
STC ratings with a bit of caution and 
remain aware of the possible 2-3 dB 
overstating that you may get with the 
STC rating system. Throughout this 
text we will be talking in terms of STC 
ratings for materials and assemblies.

Walls provide building occupants with 
the most protection from exterior 
noise. Different wall materials and 
designs vary greatly in their sound 
insulating properties. Figure 15 
provides a visual summary of some 
ways in which the acoustical 
properties can be improved:

Increase the mass and stiffness of 
the wall. In general, the denser the 
wall material, the more it will reduce 
noise. Thus, concrete walls are better 
insulators than wood walls of equal 
thickness. Increasing the thickness of 
a wall is another way to increase 
mass and improve sound insulation. 
Doubling the thickness of a partition 
can result in as much as a 6 dB 
reduction in sound.1 However, the 
costs of construction tend to limit the 
feasibility of large increases in wall 
mass.

The relative stiffness of the wall 
material can influence its sound 
attenuation value. Care must be taken 
to avoid wall constructions that can 
vibrate at audible frequencies and 
transmit exterior sounds.

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

To compare the insulation 
performance of alternative 
constructions, the Sound 
Transmission Class (STC) is used as a 
measure of a material’s ability to 
reduce sound. Sound Transmission 
Class is equal to the number of 
decibels a sound is reduced as it 
passes through a material. Thus, a 
high STC rating indicates a good 
insulating material. It takes into 
account the influence of different 
frequencies on sound transmission, 
but essentially the STC is the 
difference between the sound levels 
on the side of the partition where the 
noise originates and the side where it 
is received. For example, if the 
external noise level is 85 dB and the 
desired internal level is 45 dB, a 
partition of 40 STC is required. The 
Sound Transmission Class rating is 
the official rating endorsed by the 
American Society of Testing and 
Measurement. It can be used as a 
guide in determining what type of 
construction is needed to reduce 
noise.

The use of the STC rating system 
for transportation noise is a subject 
of some debate. The STC rating was 
originally intended primarily for use 
with interior partitions and relates to 
the “subjective impressions of the 
sound insulation provided against the 
sounds of speech, radio, television, 
music, and similar sources of noise in 
offices and dwellings.”2 However, 
since it remains the only widely used 
noise reduction rating system for 
materials the STC system is very 
often used even with transportation 
noise. When STC ratings are used for 
transportation noise you should be 
aware that the STC ratings may be a 
few dB too high. For example, the STC 
rating for a standard frame 2 x 4 wall 
with exterior siding, and sheathing 
and interior sheetrock may be 37 dB.3

1 The Audible Landscape: A Manual for 
Highway Noise and Land Use, US 
Department of Transportation, the Federal 
Highway Administration, November 1974. 
(GPO Stock #5000-00079).

2Acoustical and Thermal Performance of 
Exterior Residential Walls, Doors, and 
Windows, US Department of Commerce, 
National Bureau of Standards, November 
1975. (NBS Building Science Series 77) page

3lbid., p. 29
4Design Guide for Reducing 

Transportation Noise In and Around 
Buildings, p. 137.

21.

1R. K. Cooke and P. Chrzanowski, 
“Transmission of Noise Through Walls and 
Floors,” Cyril Harris, ed., Handbook of Noise 
Control, McGraw-Hill Book Company, Inc. 
(New York, 1957).

Figure 15 
The Audible 
Landscape

Factors which influence sound attenuation of 
walls

Lower sound attenuation Higher sound attenuaton
Increased mass

Use of air space

Increased width of airspace

Wide spacing between studs

Staggered studs

Use of resilient attachments
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Figure 16 shows a sample of wall 
types ranging from the lowest to the 
highest sound insulation values.

Remember that the effectiveness of 
best wall construction will be 
substantially reduced if you permit 
vents, mail slots or similar openings 
in the walls. If vents are permitted the 
ducts must be specially designed and 
insulated to make sure noise does not 
reach the inside. The best approach is 
simply to eliminate all such openings 
on impacted walls.

Use resilient materials to hold the 
studs and panels together. Nails 
severely reduce the wall’s ability to 
reduce noise. Resilient layers such as 
fiber board and glass fiber board, 
resilient clips, and semi-resilient 
attachments are relatively 
inexpensive, simple to insert, and can 
raise the STC rating by 2-5 dB.1

Use dissimilar layers. If the layers 
are made of different materials and/or 
thickness, the sound reduction 
qualities of the wall are improved.2

Add acoustical blankets. Also 
known as isolation blankets, these 
can increase sound attenuation when 
placed in the airspace. Made from 
sound absorbing materials such as 
mineral or rock wool, fiberglass, hair 
felt or wood fibers, these can 
attenuate noise as much as 10 dB.3 
They are mainly effective in relatively 
lightweight construction.

Seal cracks and edges. If the sound 
insulation 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 devastating 
to the insulation value of a wall. A one- 
inch square hole or a 1/16 inch crack 
16 inches long will reduce a 50 STC 
wall to 40.4

Use cavity partitions. A cavity wall 
is composed of two or more layers 
separated by an airspace. The 
airspace makes the cavity wall a more 
effective sound insulator than a 
single wall of equal weight, leading to 
cost savings.

Increase the width of the airspace.
A three inch airspace provides 
significant noise reduction, but 
increasing the spacing to six inches 
can reduce noise levels by an 
additional 5 dBA. Extremely wide 
airspaces are difficult to design.

Increase the spacing between 
studs. In a single stud wall, 24 inch 
stud spacing gives a 2-5 dB increase 
in STC over the common 16 inch 
spacing.2

Use staggered studs. Sound 
transmission can be reduced by 
attaching each stud to only one panel 
and alternating between the two 
panels.

1lbid, p.172 
2lbid, p.162 
3Doe!te, p. 20 
4United States Gypsum, Sound Control 

Construction, Principles and Performance 
(Chicago, 1972), p. 66

2l_eslie T. Doelle, Environmental Acoustics 
(New York, McGraw-Hill Book Company, 
1972), pp. 232-233.

Figure 16 
Walls
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Windows Figure 17
STC

Sound enters a building through its 
acoustically weakest points, and 
windows are one of the weakest parts 
of a wall. An open or weak window will 
severely negate the effect of a very 
strong wall. Whenever windows are 
going to be a part of the building 
design, they should be given 
acoustical consideration. Figure 17 
illustrates the effects of windows on 
the sound transmission of walls. For 
example, if a wall with an STC rating 
of 45 contains a window with an STC

o>
co
o
6
5o
crating of 26 covering 30% of its area, 

the overall STC of the composite 
partition will be 35, a reduction of 10

5
6odB.

The following is a discussion of 
techniques that can be used to reduce 
noise in a building by means of its 
windows. These techniques range 
from a blocking of the principal paths 
of noise entry to a blocking of the 
most indirect paths.
Close windows. The first step in 
reducing unwanted sound is to close 
and seal the windows. The greatest 
amount of sound insulation can be 
achieved if windows are permanently 
sealed. However, openable acoustical 
windows have been developed which 
are fairly effective in reducing sound.1 
Whether or not the sealing is 
permanent, keeping windows closed 
necessitates the installation of 
mechanical ventilation systems. If 
you are dealing with single family 
houses and some of the windows are 
facing away from all noise sources, a 
whole house fan may be better and 
cheaper than air conditioning. In 
multifamily housing or where all 
windows are exposed to the noise 
sources you will have to go with the 
air conditioning. If windows must be 
openable, special seals are available 
which allow windows to be opened.2 
Reduce window size. The smaller the 
windows, the greater the 
transmission loss of the total 
partition of which the window is a 
part. Reducing the window size is a 
technique that is used because (a) it 
precludes the cost of expensive 
acoustical windows, and (b) it saves 
money by cutting down the use of 
glass. The problems with this 
technique are (a) it is not very effective 
in reducing noise; e.g., reducing the 
proportion of window to wall size from 
50% to 20% reduces noise by only 3 
decibels; and (b) many building codes 
require a minimum window to wall 
size ratio.

pCO
w

.E
E

75
5

O

Decibels to be subtracted from STC of wall to 
obtain effective STC of composite barrier

Instructions on use of graph

1. Subtract the STC value of the door, 
window or opening from the STC value of the 
wall.
2. Enter the vertical axis of the graph at the 
point that matches the value from step 1.
3. Read across to the curve that represents 
the percentage of the total area of the wall 
that is taken up by the door, window, or 
opening.
4. Read down to the horizontal axis.
5. Subtract the value on the horizontal axis 
from the original STC value of the wall. The 
result is the composite STC value of the wall 
and the door, window or opening.

Increase glass thickness. If ordinary 
windows are insufficient in reducing 
noise impacts in spite of sealing 
techniques, then thicker glass can be 
installed. In addition, this glass can 
be laminated with a tough transparent 
plastic which is both noise and 
shatter resistant. Glass reduces noise 
by the mass principle; that is, the 
thicker the glass, the more noise 
resistant it will be. A 1/2-inch thick 
glass has a maximum STC rating of 
35 dB compared to a 25 dB rating for 
ordinary 3/16 inch glass.

:
■

1U.S. Department of Housing and Urban 
Development, A Study of Techniques to 
increase the Sound Insulation of Building 
Elements, Report No. WR 73-5, Washington, 
D.C., June 1973.

2Los Angeles Department of Airports, 
Guide to the Soundproofing of Existing 
Homes Against Exterior Noise. Report No. 
WRC 70-2, March 1970, pp. 9-11,22-30. In 
this report, the function and performance of a 
number of operable seals are described.
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Roofs
Acoustical treatment of roofs is not 
usually necessary unless the noise is 
extremely severe or the noise source 
is passing over the building. The 
ordinary plaster ceiling should 
provide adequate sound insulation 
except in extremely severe cases. An 
acoustically weak roof which is likely 
to require treatment is the beamed 
ceiling.3 Beamed ceilings may be 
modified by the addition of a layer of 
fiberglass or some other noise 
resistent material. Suspended 
ceilings are the most effective noise 
reducers but they are also the most 
expensive.

To further insure isolation of noise 
between double-glazed panes, the 
panes could be of different 
thicknesses, different weights, and 
slightly non-parallel to each other. 
This prevents acoustical coupling and 
resonance of sound waves.

However, glass thicknesses are only 
practical up to a certain point, when 
STC increases become too 
insignificant to justify the cost. For 
example, a 1/2 inch thick glass can 
have an STC of 35; increasing the 
thickness to 3/4 inch only raises the 
STC to 37. However, a double glass 
acoustical window consisting of two 
3/16 inch thick panes separated by an 
airspace will have an STC of 51 and 
can cost less than either solid 
window.

In addition to thickness, proper 
sealing is crucial to the success of 
the window. To prevent sound leaks, 
single windows can be mounted in 
resilient material such as rubber, 
cork, or felt.
Install Double-Glazed Windows.
Double-glazed windows are paired 
panes separated by an airspace or 
hung in a special frame. Generally, the 
performance of the double-glazed 
window may be increased with;
• increased airspace width
• increased glass thickness
• proper use of sealings
• slightly dissimilar thicknesses of 
the panes
• slightly non-parallel panes

In general the airspace between the 
panes should not be less than 2-4 
inches if an STC above 40 is desired.
If this is not possible, a heavy single- 
glazed window can be used. The use 
of slightly non-parallel panes is a 
technique 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 to 1/4 inch or 
more per pane. Although thickness is 
important, the factors which most 
determine the noise resistance of the 
window is the use of sealant and the 
width of the airspace.

As in the case of all windows, 
proper sealing is extremely important. 
To achieve an STC above 43, double- 
glazed windows should be sealed 
permanently. If the windows must be 
openable, there are available special 
frames and sealers for openable 
windows which allow a maximum 
STC of 43.1

Permanently sealed double-glazed 
windows often require an air pressure 
control system to maintain a constant 
air pressure and minimal moisture in 
the airspace. Without this system, the 
panes may deflect, and, in extremely 
severe cases, pop out of the frames.

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. 
Taking up about 20% of the wall, this 
door wi 11 reduce a 48 STC wal I to 24 
STC. To strengthen a door against 
noise, the hollow core door can be 
replaced by a heavier solid core wood 
door that is well sealed1 and is 
relatively inexpensive. A solid core 
wood door with vinyl seal around the 
edges and carpeting on the floor will 
reduce the same 48 STC wall to only 
33 dB.2 An increased sound insulation 
value can be achieved if gasketed 
stops or drop bar threshold closers 
are installed 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 
place them in more shielded walls.

In any case no mail slots or similar 
openings should be allowed in 
exterior doors.

1D.E. Bishop and P.W. Hirtle, “Notes on the 
Sound Transmission Loss of Residential- 
Type Windows and Doors,” Journal of the 
Acoustical Society of America, 43:4 (1968). 

2U.S. Gypsum, Sound Control... p. 100.
3lbid p. 15.

Figure 18

i

Floor

Gasketed door stop Drop bar threshold closer

’Ibid.
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As you will recall from the previous 
section, most walls provide pretty 
good attenuation by themselves. It is 
the presence of windows and doors 
and openings such as vents that 
reduces the attenuation capability of 
the wall. Thus, after you have 
determined whether the 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 determine the difference 
between the STC ratings for the wall 
and the windows. You enter the 
vertical axis of Figure 17 with that 
number. You read across until you 
intersect the line that represents the 
percentage of the wall taken up by the 
windows. Then you read down to the 
horizontal axis where you wil find the 
value to be subtracted from the basic 
STC value of the wall. The resulting 
number is the combined STC value for 
the wall. If the wall also contains a 
door, repeat the same procedure, only 
start out with the modified STC rating 
for the wall. If the wall has doors only, 
then obviously you start with the 
basic wall STC rating. Finally you 
compare the number you have derived 
with that listed by the 
developer/sponsor. If they are fairly 
close, you need not pursue it further.
If there is a substantial difference, 
you should ask for an explanation or 
documentation from the developer.

Once again, we caution you about 
borderline cases. If the attenuation 
required is 30 dB and the STC rating 
for the proposed construction is 
exactly 30 dB, you may want to ask 
the developer to provide even more 
attenuation. Remember that we 
discussed how the STC rating may 
overstate the actual attenuation 
provided by as much as 3 dB. If an 
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 sure the 
developer has provided some form of 
mechanical ventilation. If it’s a single 
family house and a whole house fan is 
the means of ventilation being 
provided make sure that there are 
operable windows on walls which do 
not face the noise source(s) nor are 
perpendicular to the sources). 
Otherwise the residents will have to 
open windows on the exposed wall, 
thus cancelling out much of the 
attenuation achieved.

What to Look for When 
Reviewing Plans

The number of possible combinations 
of the building materials that go into 
walls, ceilings, windows and doors, is, 
no doubt, considerably short of 
infinite. It is however still a very large 
number, large enough that it would be 
impossible to compile a list of all the 
possible combinations. Therefore, do 
not expect to find in this section, or 
anywhere else for that matter, a neat 
table showing the STC ratings for all 
the types of construction you may 
encounter. In fact, it is not really your 
responsibility to determine the 
precise STC ratings for the walls, 
ceilings, windows and doors in the 
projects you review. Your job is 
simply to review the attenuation 
levels claimed by the 
sponsor/developer 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 types of 
construction for which we have STC 
ratings. By comparing the type of 
construction proposed to one of 
these “model” types you should be 
able to tell whether the claimed STC 
rating is reasonable. For example, the 
sponsor/developer submits a 
description of his building stating 
that a 2 x 6 stud wall with standard 
sheathing, insulation, wood siding, 
and 1/2” gypsum board achieves a 
STC rating of 48. You look at Table 3 
and find that the closest “model” wall 
is a 2 x 4 stud wall with wood siding, 
sheathing, insulation, and 1/2” 
gypsum board. This wall has a STC 
rating of 39. An 9 dB difference is 
quite significant considering that the 
walls are really quite similar. You 
would probably want to go back to the 
developer/sponsor and ask for some 
supporting data that proves that the 
2x6 wall he proposes will indeed 
provide 48 dB of noise attenuation.

In order to make it easier to review 
the attenuation levels provided by the 
proposed construction, we suggest 
that you ask the developer/sponsor to 
complete a form such as shown in 
Figure 19. Such a form will give you all 
the information you need in a properly 
organized format that will facilitate 
your review. You could fill in the first 
part and simply have the 
developer/sponsor fill out the second 
part and return it with the developer 
certification or other project 
documents.

Floors
In the case of highway noise, floors 
would only require acoustical 
treatment if the highway were passing 
under the building. In this case, 
flooring would have to provide 
protection against structural 
vibrations as well as airborne sound.

Two ways to insulate a floor from 
noise are to install a solid concrete 
slab at least 6 inches thick or install a 
floating floor. In general, the floating 
floor gives the greatest amount of 
sound and vibration insulation; 
however, it is extremely expensive. 
Basically, a floating floor consists of 
a wood or concrete slab placed over 
the structural slab, but separated by a 
resilient material. The resilient 
material isolates the surface slab 
from the structural slab and the 
surrounding walls.
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Table 3
STC Ratings for Typical 
Building Components1

Building
Component STC RatingDescription

a. 5/8" x 10” Redwood Siding
b. 1/2” Insulation Board Sheathing
c. 2x4 studs 16” o.c.
d. Fiberglass Building Insulation
e. 1/2” Gypsum Board attached directly to studs

39 dBFrame Wall

Stucco/Frame
Wall 46a. 7/8" Stucco

b. No. 15 felt Building Paper and 1" Wire Mesh
c. 2x4 Studs 16” o.c.
d. Fiberglass Building Insulation
e. 1/2” Gypsum Board attached directly to studs

56a. Face Brick
b. 1/2” Airspace with metal ties
c. 3/4” Insulation Board Sheathing
d. 2x4 Studs 16” o.c.
e. Fiberglass Building Insulation
f. 1/2” Gypsum Board attached directly to studs

Brick Veneer Wall

49Masonry Wall a. 1” Stucco
b. 8” thick Hollow Concrete Block
c. 1/2” Gypsum Board attached to furring strips

(estimated)

23Wood double hung, closed but unlocked, 
single glazing

Aluminum sliding, latched, single glazing

Wood double hung, closed but unlocked, 
glazed with 7/16” insulating glass

Aluminum single hung, closed, glazed with 
7/16” insulating glass

Wood, double hung, sealed, glazed with 
7/16” insulating glass with single 
glazed storm sash-2 1/8” separation

Aluminum sliding, closed, single glazed 
with single glazed storm sash, 1/8” separation

Windows

24

22

25

35

22

Exterior Doors Wood, flush solid core, with brass 
weather stripping

Wood, flush solid core, plastic weather 
stripping, aluminum storm door

Wood, French door, brass weather 
stripping

Steel, flush, with urethane foam core, 
with magnetic weather stripping

27

34

26

28

Roof Shingle Roof with attic, 1/2” gypsum 
wall board ceiling framed independently 
of roof

43
(estimated)

1 Except as noted, all STC ratings are from: Acoustical and Thermal Performance of Exterior 
Residential Walls, Doors and Windows, National Bureau of Standards.
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Figure 19
Description of Noise Attenuation Measures 
(Acoustical Construction)

I

Parti

Project Name

Location

Sponsor/Developer

Attenuation RequiredNoise Level (From NAG)

Primary Noise Source(s)

Part II

1. For Walls (s) facing and parallel to the noise source(s) (or closest to parallel): 
a. Descripton of wall construction*______________________________

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

c. Description of Windows:

d. STC rating for window type

e. Description of doors

f. STC rating for doors

g. Percentage of wall (per wall, per dwelling unit) composed of
and doors____windows

h. Combined STC rating for wall component

2. For wal Is perpendicular to noise source(s): 
a. Description of wall construction*____

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

c. Description of windows

i;d. STC rating for windows

e. Description of doors
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f. STC rating for doors

g. Percentage of wall (per wall, per dwelling unit) composed of 
windows and doors

h. Combined STC rating for wall component

3. Roofing component (if overhead attenuation is required due to aircraft noise): 
a. Description of roof construction ____ ______________________

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

c. Descripton of skylights or overhead windows

d. STC rating for skylights or overhead windows

e. Percentage of roof composed of skylights or windows (per dwelling unit)

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

g. Combined STC rating for roof component

4. Description of type of mechanical ventilation provided

Prepared by

Date:

•If walls contain vents or similar openings, attach a description of duct arrangement and insulation and 
a statement of how much the wall STC is reduced by the presence of the vent.
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Figure 19
(Acoustical1 Construction)^3*10™ Measures

Parti

/£ &Project Name

Location 'GMLy___________________________________

ZFokjj ~Dr>e= v- A«s%£a ~Tue.Sponsor/Developer

73 3adt>Noise Level (From NAG) Attenuation Required

ihctivJkYPrimary Noise Source(s)

Part II

1. For Walls (s) facing and parallel to the noise source(sHor closest to parallel):
a. Descripton of wall construction* -3/ f E/fP PL Y ViDCb

Zv 4. STuAS 1L"a.£. 3H" Tti&uUTmu

b. STC rating for wall (rated for no windows or doors): _________________

haLLBUg. \iuH6s_____c. Description of Windows:

XusuL G GIAze

d. STC rating for window type

\AlhnVij FLustJj SoLiO CoR&e. Description of doors

Sof. STC rating for doors

g. Percentage of wall (per wall, per dwelling unit) composed of 
lQ*Za. and doorswindows

3od6h. Combined STC rating for wall component

2. For walls perpendicular to noise source(s): n * A-
a. Description of wall construction*______ —rwl/EL

•27b. STC rating for wall (rated for no windows or doors)

Same A*c. Description of windows

Zld. STC rating for windows

No &mrse. Description of doors
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f. STC rating for doors

g. Percentage of wall^p^wall, per dwelling unit) composed of ^

30h. Combined STC rating for wall component

3. Roofing component (if overhead attenuation is required due to aircraft noise): 
a. Description of roof construction__________r/ A________________

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

c. Descripton of skylights or overhead windows

d. STC rating for skylights or overhead windows

e. Percentage of roof composed of skylights or windows (per dwelling unit)

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

g. Combined STC rating for roof component

ChjJ+AAjL AiR4. Description of type of mechanical ventilation provided

Pencil it otiitiQ

Prepared by

Date:

*11 walls contain vents or similar openings, attach a description of duct arrangement and Insulation and 
a statement of how much the wall STC is reduced by the presence of the vent.
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Quiz on Noise Attenuation

Questions

11. List 3 ways to make a barrier more 
effective without increasing its overall 
length.
12. What is the maximum percentage 
of the total area of a barrier that can 
be made up of openings without a 
significant loss in barrier 
effectiveness?
13. List 3 site planning techniques 
that are used to shield 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 building 
orientations which can aggravate 
noise problems?
17. What is the Sound Transmission 
Class (STC) rating?
18. Which is better a high STC or a 
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 noise 
situation?

21. List 5 ways to improve the 
attenuation capability of a wall.
22. Windows are one of the 
acoustically weakest components in 
a wall. List 3 ways to reduce the 
negative effects of windows.
23. What is the best way to reduce 
the effect of doors?

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

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

3. When a barrier is introduced 
between a source and a receiver the 
sound energy is redistributed along 3 
indirect paths. What are these three 
paths?

4. What is “Path Length Difference” 
and how does it affect the attenuation 
level provided by a barrier?

5. What are “Transmission Loss 
Values?”

6. How does the transmission loss 
value of barrier material affect the 
attenuation capability of the barrier?

7. As a general rule, what 
transmission loss values should you 
look for?
8. If you have more than one barrier 

between the source and the receiver 
is the amount of attenuation 
increased substantially?

9. What are the four things to check 
when reviewing a proposed barrier?
10. List 3 ways to make a barrier more 
effective without increasing its overall 
height.

i

'

fr

i
\
i

43



Quiz on Noise Attenuation

Answers
21. Any of the 9 below:

a. increase the mass and 
stiffness of the wall

b. use cavity partitions
c. increase the width of the 

airspace
d. increase the spacing between 

studs
e. use staggered studs
f. use resilient materials to hold 

the studs and finish materials 
together

g. use of dissimilar layers 
(leaves)

h. add acoustical blankets
i. seal cracks and edges

22. Any of the 4 below:
a. close the windows and 

provide mechanical 
ventilation

b. reduce window size
c. increase glass thickness
d. install double glazed windows

23. Eliminate them from severely
impacted walls

11. a. move it closer to the receiver
b. bend the ends toward the 

receiver
c. do both

12. 1 percent
13. Any 3 of the below:

a. increasing the distance 
between the source and the 
receiver

b. placing noise compatible land 
uses between the source and 
the receiver

c. locating barrier type buildings 
parallel to the source

d. orienting residences away 
from the noise

14. when they are the only ones 
associated with the project

15. a. is the separation between the
source and receiver great 
enough

b. If a noise compatible building 
is being used as a barrier is it 
tall and long enough?

16. Building orientations which trap 
noise and cause it to reverberate 
off building walls. This would 
include shapes where a court is 
open to the source or where a 
series of buildings are arranged 
perpendicular to the source.

17. The STC rating is equal to the 
number of decibels a sound is 
reduced as it passes through a 
material.

18. A high STC rating is better.
19. The STC ratings were originally 

intended primarily for use with 
interior partitions and for noise 
such as speech, radios, 
television.

20. Recognize that the STC rating 
may overstate the effectiveness 
of the materials by 2-3db.

1. a. barriers or berms
b. site design
c. acoustical construction

2. a. to make sure the project
sponsor/developer is aware of 
the attenuation requirements

b. provide sponsor/developer 
with an overview of available 
options

c. review attenuation proposals 
to make sure they are 
adequate

3. a. A diffracted path over the top
of the barrier

b. A transmitted path through 
the barrier

c. A reflected path away from the 
receiver

4. “Path Length Difference” is the 
difference in distance that sound 
must travel diffracting over the 
barrier rather than passing 
directly through it. Since sound 
energy decreases over distance, 
the greater the path length 
distance the greater the 
attenuation.

5. ‘Transmission Loss Values” 
represent the amount noise levels 
will be reduced when the sound 
waves pass through a barrier.

6. Since the attenuation provided by 
a barrier is a function of both the 
sound energy that goes over the 
top and the energy that goes 
through the barrier, if the 
transmission loss value is low 
then the effectiveness of the 
barrier will be greatly reduced.

7. If the transmission loss value of 
the barrier material is at least 
10dB greater than the attenuation 
level provided by diffraction (i.e. 
barrier height) there shouldn’t be 
any problem.

8. No. The combined effect of 
multiple barriers does not 
normally provide significantly 
greater attenuation than a single 
barrier. For design purposes, the 
general procedure is to assume 
the attenuation of the most 
effective barrier.

9. a. Is it high enough?
b. Is it long enough?
c. Is it made of the right 

material?
d. Is it properly constructed?

10. a. move the barrier closer to the
source

b. bend the top of the barrier 
towards the source

c. do both
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Preface

The Department of Housing and Urban 
Development, in its efforts to provide decent 
housing and a suitable living environment, is 
concerned with noise as a major source of 
environmental pollution and has issued Sub
part B on Noise Abatement and Control to 
Part 51 of Title 24 of the Code of Federal 
Regulations.

The policy established by Subpart B em
bodies HUD objectives to make the assess
ment of the suitability of the noise environ
ment at a site: (1) easy to perform; (2) 
uniformly applicable to different noise 
sources; and (3) as consistent as possible 
with the assessment policies of other Federal 
departments and agencies. In furtherance of 
these objectives, the Office of Policy Devel
opment and Research has sponsored 
research to provide site analysis techniques. 
These Noise Assessment Guidelines do not 
constitute established policy of the Depart
ment but do provide a methodology whose 
use is encouraged by HUD as being con
sistent with its objectives. The Guidelines 
provide a means for assessing separately 
the noise produced by airport, highway, and 
railroad operations, as well as the means for 
aggregating their combined effect on the 
overall noise environment at a site.
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This booklet has been prepared by Bolt 
Beranek and Newman Inc., under Contract 
No. H-2243R for the U.S. Department of 
Housing and Urban Development. It is a 
revision of an earlier edition published in 
August 1971. With the exception of changes 
made by the Department, the contractor is 
solely responsible for the accuracy and 
completeness of the data and information 
contained herein.
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Introduction

noise environment acceptable may be pro
hibitive and the outdoor environment would 
still be unacceptable.

When measuring the distance from the site 
to any noise source, measure from the 
source to the nearest points on the site where 
buildings having noise-sensitive uses are 
located. These points define the Noise 
Assessment Locations for the site. The 
relevant measurement location for buildings 
is a point 2 meters (6.5 feet) from the facade.

If at any point during the assessment the 
site’s exposure to noise is found to be 
Unacceptable or Normally Unacceptable, 
every effort should be made to improve the 
condition, e.g., the location of the proposed 
dwellings can be changed or some shielding 
can be provided to block the noise from that 
source.

Where quiet outdoor space is desired at a 
site, distances should be measured from the 
important noise sources to the outdoor area 
in question and the combined noise expo
sure should be assessed.

Frequently, the locations of dwellings have 
not yet been specified at the time the noise 
assessment of a site is made. In these 
instances, distances used in the noise 
assessment should be measured as 2 
meters less than the distance from the build
ing setback line to the major sources of noise.

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

Wherever possible, you should try to 
assess noise environments expected at least 
ten years in the future.

The degree of acceptability of the noise 
environment at a site is determined by the 
outdoor day-night average sound level 
(DNL) in decibels (dB). The assessment of 
site acceptability is presented first as an 
evaluation of the site's exposure to three 
major sources of noise - aircraft roadways, 
and railways. These are then combined to 
assess the total noise at a site. Worksheets 
are provided at the back of these Guidelines 
to use in summarizing your evaluations.

The noise environment at a site will come 
under one of three categories:
Acceptable (DNL not exceeding 65 deci
bels) The noise exposure may be of some 
concern but common building constructions 
will make the indoor environment acceptable 
and the outdoor environment will be rea
sonably pleasant for recreation and play. 
Normally Unacceptable (DNL above 65 but 
not exceeding 75 decibels) The noise expo
sure is significantly more severe; barriers 
may be necessary between the site and 
prominent noise sources to make the outdoor 
environment acceptable; special building 
constructions may be necessary to ensure 
that people indoors are sufficiently protected 
from outdoor noise.
Unacceptable (DNL above 75 decibels) The 
noise exposure at the site is so severe that 
the construction cost to make the indoor

These guidelines are presented as part of a 
continuing effort by the Department of Hous
ing and Urban Development to provide 
decent housing and a suitable living en
vironment for all Americans.

The procedures described here have been 
developed so that people without technical 
training will be able to assess the exposure of 
a housing site to present and future noise 
conditions. In this context, the site may hold 
only one small building, in which case the 
noise assessment is straightforward. Larger 
sites may hold larger buildings, or many 
buildings, and the noise level may be dif
ferent at different parts of the site (or build
ing). Assessments of the noise exposure 
should be made at representative locations 
around the site where significant noise is 
expected. These are designated as "Noise 
Assessment Locations,” abbreviated NAL in 
the following text.

The only materials required are a map of 
the area, a ruler (straight edge), a protractor 
and a pencil. Worksheets and working 
figures are provided separately.

All of the information you need can be 
easily obtained - usually by telephone. For 
convenience, this information is listed at the 
beginning of each section under headings 
that indicate the most likely source. While 
you are obtaining this information, be sure to 
ask about any approved plans for future 
changes that may affect noise levels at the 
site - for example: land-use changes, 
changes in airport runway traffic, widening of 
roads, and so forth. In all evaluations, you

2
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Combining Sound Levels in Decibels

The noise environment at a site is deter
mined by combining the contributions of dif
ferent noise sources. In these Guidelines, 
Workcharts are provided to estimate the con
tribution of aircraft, automobile, truck, and 
train noise to the total day-night average 
sound level (DNL) at a site. The DNL contri
butions from each source are expressed in 
decibels and entered on Worksheet A. The 
combined DNL from all the sources is the 
DNL for the site and is the value used to 
determine the acceptability of the noise 
environment.

Sound levels in decibels are not combined 
by simple addition! The following table 
shows how to combine sound levels:

Use the table by first finding the numerical 
difference in sound level between two levels 
being combined. Entering the table with this 
value, find the value to be added to the larger 
of the two levels, add this value to the larger 
level to determine the total. Where more than 
two levels are to be combined, use the same 
procedure to combine any two levels; then 
use this subtotal and combine it with any 
other level, and so on. Fractional numerical 
values may be interpolated from the table; 
however, the final result should be rounded 
to the nearest whole number.

Table
Difference in 
Sound Level

Add to 
Larger Level

0 3.0
1 2.5
2 2.1
3 1.8
4 1.5
5 1.2
6 1.0
7 0.8
8 0.6
9 0.5

10 0.4
12 0.3
14 0.2
16 0.1
greater than 16 0

:
i

i
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 separate DNL values must be 
combined. The difference between 63 and 
56 is 7; from the table you find that 0.8 should 
be added to 63, for a subtotal of 63.8. The 
difference between 63.8 and 61 is 2.8; from 
the table you interpolate that approximately 
1.9 should be added to 63.8 for a total of 65.7 
or 66 dB when rounded to whole numbers. 
This example shows how noise from different 
sources may be Acceptable, individually, at a 
site, but when combined, the total noise en
vironment may exceed the Acceptable DNL 
limit of 65 decibels.

:

;

3
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Aircraft
contours on either side of the NAL. If NEF 
contours are used, estimate DNL by adding 
35 decibels to the NEF values. Note that 
contours are usually provided in 5 decibel 
increments. (See Example 2 on page 4.) 
When supersonic aircraft operations are 
present, DNL contours are required for the 
assessment.

If DNL or NEF contours are not available, 
the DNL at a site may be estimated in several 
different ways:
• An FAA Handbook (Reference 1) can be 
used to estimate DNL contours for sites in

• The number of nighttime jet operations 
(10 p.m.-7 a.m.)

• The number of daytime jet operations 
(7 a.m. -10 p.m.)

• The flight paths of the major runways.
• Any available information about expected 

changes in airport traffic, e.g., will the num
ber of operations increase or decrease in 
the next 10 or 15 years.

In making your evaluation, use the data for 
the heaviest air traffic condition, whether 
present or future.

Necessary Information

To evaluate a site's exposure to aircraft 
noise, you will need to consider all airports 
(civil and military) within 15 miles of the site. 
The information required for this evaluation is 
listed below under headings that indicate the 
most likely source. Before beginning the 
evaluation, you should record the following 
information on Worksheet B:

From the FAA Area Office or the Military 
Agency in charge of the airport:
• Are current DNL or NEF (Noise Exposure 
Forecast) contours available? Noise con
tours are available for almost all military air
ports. These contours have been developed 
and published as part of the Air Installation 
Compatible Use Zone (AICUZ) program of 
the Department of Defense.. The contours 
are published normally as part of an AICUZ 
report. Noise contours are also available for 
many civil airports. When available, they are 
superimposed on a map with an appropri
ately marked scale (see Figure 1, page 4).
• Any available information about approved 
plans for runway changes (extensions or new 
runways).

From the FAA Control Tower or Airport 
Operations (if DNL or NEF contours are not 
available):

general aviation airport vicinities. General 
aviation airports exclude commercial jet 
transports but may include business jets.
• A handbook available from EPA (Refer
ence 2 at the back of this Guide) can be used 
to calculate DNL at individual points.
• A procedure for constructing approximate

Evaluation of Site Exposure 
to Aircraft Noise

If current DNL (or NEF) contours are avail
able (as in Figure 1 page 4), locate the site on 
the map by referring to the marked distance 
scale. If there are no other noise sources in 
the area, you do not need to do anything else. DNL contours for sites near commercial jet 
If there are other noise sources affecting the
site, you will need to find the precise DNL 
value so you can combine it with the other 
sources. Obtain the DNL at the appropriate 
NAL on the site by interpolation between the

Figure 1
Example of DNL Contours

Thousands of Feet

0 2 4 6 8/

Example 2: The illustration in Figure 1 at the 
top of page 4 shows the NAL's on a map that 
has DNL contours. We find that NAL number 
1 lies between the 65 and 70 dB contours and 
that NAL number 2 lies outside the 65 dB 
contour.

We find the DNL at NAL number 1 by inter
polation from the distances between the NAL 
and the 65 and 70 dB contours.

By scaling off the map, we find that the 
distance from the NAL, measured perpen
dicularly to the contours, is 800 feet to the 65 
dB contour and 2400 feet to the 70 dB con
tour. The distance between the 65 and 70 dB 
contours is 2400 + 800 =3200 feet. We find 
the DNL at the NAL number 1 to be 65 
decibels plus 800/3200 x 5 decibels = 66.3 
decibels.

Example 3: The illustration in Figure 2 at the 
bottom of page 5 shows an airport for which 
DNL or NEF contours are not available. The 
airport has 10 nighttime and 125 daytime jet 
operations.

To construct the approximate contours, we 
determine the effective number of operations 
as follows:

10 (nighttime) x 10= 100

Add to this the actual number of daytime 
operations:

100 + 125 (daytime) = 225

To determine the distances A and B in 
relation to the runway (see Figure 3, page 5), 
enter the effective number of operations on 
the horizontal scales of the charts in Figure 3;

4
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distance D2from the NAL to the flight path, as Figure 3
in Figure 2. Scale the distance D1 from the 65 Charts for Estimating 
dB contour to the flight path. Divide D2 by D1 DNL for Aircraft Oper
and enter this value into the following table to ons
find the approximate DNL at the NAL.

airports without supersonic aircraft is as 
follows:

Determine the "effective" number of jet 
operations at the airport by first multiplying 
the number of nighttime jet operations by 10.

Then add the number of daytime jet opera
tions to obtain an effective total (see Example 
3, page 4).

On a map of the area showing the principal 
runways, mark the location of the site and, 
using the diagram and charts of Figure 3 on 
page 5, construct approximate DNL contours 
of 65, 70, and 75 dB for the major runways 
and flight paths most likely to affect the site, 
(see Figure 2, page 5.)

Although a site may be Acceptable for 
exposure to aircraft noise; exposure to other 
sources of noise, when combined with the 
aircraft noise, may make the site Unaccept
able. Therefore, if necessary, values of air
craft noise exposure less than 65 dB can be 
estimated from Table 2. Scale the shortest

Table 2 Runway ---
D2 DNL
D1 dB
1.00 65
1.12 64
1.26 63
1.41 62
1.58 61
1.78 60 ® 10,000 10,0002.00 59

o2.24 58 a, ooo a, ooo: 2.51 57
§' 2,82 56 « 4,000

i: 4,ooo

6,0003.16 55
4,000

< 2,000 2,000s
s I T » I lllllo

500 1000
0

50 100S
O

C- 70,000 70,000Figure 2
Example of Appro 
DNL Contours for an Air
port with 225 Effective 
Number of Operations

ximate 60,000 60,000
O

Runways
Flightpaths

50,000 50,000

§D2 ^ 40,000 40,000
o
c. 30,000/ <—D 30,000
COI g 20,000 

10,000

20,000N §t 10.000Thousands of Feet
o onal«*oo f, 0 5 10 15 20: 50 100 500 1000

Effective Number of Flights2°Oof,' II,OOOft;

31,000ft

i !
Example 4b: We observe that the perpen
dicular distance (D2) from NAL number 2 
(Figure 1) to the flight path is more than 3 
times the distance (D1) from the 65 dB con
tour to the flight path. From Table 2 we find 
that the contribution of the airport to the DNL 
at NAL number 2 is less than 55 decibels. We 
need not consider the airport further in 
accessing the noise environment at this site.

Example 4a: The NAL shown in Figure 2 is 
outside the 65 dB contour. The distance D2 
from the NAL to the flight path is 9700 feet. 
The distance D1 from the 65 dB contour to the 
flight path, measured perpendicularly from 
the contour, is 3700 feet. The ratio D2/D1 is 
9700/3700 = 2.62. From Table 2 we find the 
DNL from the airport to be 56.6 dB. We do not 
know whether the site is Acceptable or not, 
however, since we must also assess the 
contribution of roadway and train noise to the 
total DNL at the site.

read up to the DNL curves; read across the 
chart to the left to obtain distances A and B 
from the vertical scales on the charts.

We find from Figure 3, for example, that for 
225 effective operations, distance A is 4200 
feet for the 65 dB contour and 2000 feet for 
the 75 dB contour. Distance B is 31,000 feet 
for the 65 dB contour and 11,000 feet for the 
75 dB contour.

■

!

!

:
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Roadways
uations, however, determine the "effective 
distance" to each road from the dwelling or 
outdoor residential activity (the NAL’s for the 
site) by averaging the distances to the near
est edge of the nearest lane and to the farth
est edge of the farthest lane of traffic. (See 
Example 5, page 6, and Figure 4, page 7.) 
Note: For roads with the same number of 
lanes in both directions, the effective dis
tance is the distance to the center of the 
roadway (or median strip, if present).

not possible to separate the trucks into those 
that are heavy and those that are not, treat all 
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 traffic separately since these 
figures will be needed later; otherwise, sim
ply record the total number of trucks. Most 
often you will have to assume that the uphill 
and downhill traffic are equally split.
• The fraction of ADT that occurs during 
nighttime (10 p.m. to 7 a.m.). If this is 
unknown, assume 0.15 for both trucks and 
autos.

Necessary Information

To evaluate a site’s exposure to roadway 
noise, you will need to consider all roads that 
might contribute to the site’s noise environ
ment; roads farther away than 1000 feet 
normally may be ignored.

Before beginning the evaluation, deter
mine if roadway noise predictions already 
exist for roads near the site. Also try to obtain 
all available information about approved 
plans for roadway changes (e.g., widening 
existing roads or building new roads) and 
about expected changes in road traffic (e.g., 
will the traffic on this road increase or 
decrease in the next 10 to 15 years).

If noise predictions have been made, they 
should be available from the City (County) 
Highway or Transportation Department If not 
record the following information on page 1 of 
Worksheet C:
• The distances from the NAL's for the site to 
the near edge of the nearest lane and the far 
edge of the farthest lane for each road.
• Distance to stop signs.
• Road gradient, if 2 percent or greater.
• Average speed.
• The total number of automobiles for both 
directions during an average 24-hour day. 
Traffic engineers refer to this as ADT, Aver
age Daily Traffic (or sometimes AADT, 
meaning Annual Average Daily Traffic).
• The number of trucks during an average 
24-hour day in each direction.

If possible, separate trucks into “heavy 
trucks” - those weighing more than 26,000 
pounds with three or more axles - and 
“medium trucks” - those between 10,000 
and 26,000 pounds. (Each medium truck is 
counted as equal to 10 automobiles.) Trucks 
under 10,000 pounds are counted as auto
mobiles. Count buses capable of carrying 
more than 15 seated passengers as "heavy” 
trucks - others, as "medium" trucks. If it is

Automobile Traffic

Workchart 1 was derived with the following 
assumptions:
• There is line-of-sight exposure from the site 
to the road; i.e., there is no barrier which 
effectively shields the site from the noise of 
the road.
• There is no stop sign within 600 feet of the 
site; traffic lights do not count because there 
is usually traffic moving on one street or the 
other.
• The average automobile traffic speed is 55 
mph.
• The nightime portion of ADT is 0.15.

If each road meets these four conditions, 
proceed to Workchart 1 for the evaluation. 
Enter the horizontal axis with the effective 
distance from the roadway to the NAL; draw a 
vertical line upward from this point. Enter the 
vertical axis with the effective automobile 
ADT; draw a horizontal line across from this 
point. (The “effective" automobile ADT is the 
sum of automobiles, light trucks, and 10 times 
the number of medium trucks in a 24-hour . 
day.) Read the DNL value from Workchart 1 
where the vertical and horizontal lines inter
sect. Record this value in column 16, Work
sheet C.

But:

If any of the four conditions is different, make

Evauation of Site Exposure 
to Roadway Noise

Traffic surveys show that the amount of 
roadway noise depends on the percentage of 
trucks in the total traffic volume. To account 
for this effect, you must evaluate automobile 
and truck traffic separately and then combine 
the results.

The noise environment at each site due to 
traffic noise is determined by utilizing a series 
of Workcharts to define 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 site with respect to the noise from auto
mobiles, light and medium trucks; Workchart 
2 provides a similar graph for assessment of 
heavy truck noise. These values are com
bined for each road affecting the noise 
environment at the site to obtain the total 
contribution of roadway noise. Remember, 
the noise from aircraft and railways must also 
be considered before determining the suit
ability of this site’s noise environment.

Effective Distance

Before proceeding with these separate eval-

Example 5: The site shown in Figure 4 is 
exposed to noise from three major roads: 
Road No. 1 has four lanes, each 12 feet wide, 
and a 30-foot wide median strip which 
accommodates a railroad track. Road No. 2 
has four lanes, each 12 feet wide. Road No. 3 
has six lanes, each 15 feet wide, and a 
median strip 30 feet wide.

The distance from NAL No. 1 to the near 
edge of Road No. 1 is 300 feet. The distance

to the far edge of Road No. 1 is 300 feet, plus 
the number of lanes times the lane width, 
plus the width of the median strip. Thus, the 
distance to the farthest edge of the road is:

300 + (4x12) =378 ft
The effective distance is
378 + 300 = 339 ft

2

This is the value to be entered on line 1 c of 
Worksheet C. The effective distances from 
the appropriate NAL’s to Road No. 2 and 
Road No. 3 are found by the same method.

The distances shown in Figure 4 will be 
used for all roadway examples in this booklet.
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work through the examples. After you have 
become familiar with the Guidelines, you will 
be able to work examples directly from the 
worksheets without referring back to the text. 
To simplify your work, all the adjustment 
factors are summarized at the back of these 
Guidelines.

Figure 4
Plan View of Site showing How Distance Should 
Be Measured from the Noise Assessment Loca
tion (N AL) of the Dwelling Nearest to the Source

300'
NOT TO SCALE t To339' Airport 

Railway 
No. 2

' NAL
* 1

II 378'

Adjustments for Automobile Traffic

Stop-and-Go Traffic:
If there is a stop sign (not a traffic signal) 
within 600 feet of the NAL so that the flow of 
traffic is completely interrupted on the road 
under consideration, find the stop-and-go 
adjustment factor for automobiles from 
Table 3. Enter this value in column 9 on 
Worksheet C.

210'
Railway 
No. 1 330'NAL

550'

Stop Sign 4 198'

Road No. 2 
(Effective 
Distance is 
174 FT)

I

Table 3
Distance from NAL 
to Stop Sign 
In Feet

Road No. 1 
(Effective 
Distance is 
339FT)

Road No. 3- 
(Effective 
Distance is
270 FT)

Automobile 
Stop-and-Go 
Adjustment FactorI

0 0.10
100 0.25

the necessary adjustments (on page 2,
Worksheet C) listed below and then use 
Workchart 1 for the final evaluation.

First, a few general words about adjust
ments as they are applied in these Guide
lines. Each Workchart has been derived for a 
baseline condition which is often found in 
practical cases. Where conditions differ from 
the baseline, they are accounted for by a 
series of one or more adjustment factors.

The adjustment factors are used as mul
tipliers times the average number of vehicles j 
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 f •ooo 
traffic flow separately; all adjustment factors ? 4000 
are multiplied together, and them multiplied * ‘0<” 
times the original traffic flow data. This will 
become clearer as you examine the Work
sheets at the back of these Guidelines and

200 0.40
Figure 5
Use of Workchart 1 To Evaluate Automobile 
Traffic Noise

AUTOS (55mph)

300 0.55
400 0.70
500 0.85
600 1.00

ON* 75 70 *5 <0
Average Traffic Speed:
If the average automobile speed is other than 
55 mph, enter the appropriate adjustment 
from Table 4 in column 10 of Worksheet C.

500.000
*00,000

JW.000

i too. coo 
*0,000 
*0.000I Table 4

Average 
Traffic Speed
20 (mph)

Auto Speed 
Adjustment Factor

*0,000
5

0.1330,000

25 0.21
30 0.30
35 0.40
40 0.53
45 0.67
50 0.83
55 1,00

3000 60 1.19
65 1.40

1000
300 *00 *00 1000 3000 <000 70

(ft)
1.62*o »o ioo10 30

Example 6: Road No. 1 meets the four condi
tions that allow for an immediate evaluation. 
In obtaining the information necessary for 
this evaluation, it was found that the auto
mobile ADT is 18,000 vehicles (Line 5c of 
Worksheet C). On Workchart 1 we locate on 
the vertical scale the point representing 
18,000 and on the horizontal scale the point 
representing 339 feet (see Figure 5). (Note 
that we must estimate the location of this 
point.) Using a straight-edge we draw lines to 
connect these two values and find that the 
NAL exposure to automobile noise from this 
road is a DNL of 58 dB, as read from the scale 
at the top of the graph.

Example 7: Road No. 2 has a stop sign at 390 Example 8: Suppose that the stop sign on 
feet from NAL No. 2. The automobile ADT is Road No. 2 were replaced by a traffic signal 
reported as being 32,500 vehicles (line 5c of for which no stop-and-go adjustment is made
Worksheet C). From Table 3 we interpolate and that the ADT increases to 75,000 
between 300 and 400 feet to find the adjust- vehicles. In addition, assume that the aver
ment factor for stop-and-go traffic to be 0.69. age speed is 45 mph instead of 55 mph. You

adjust the new automobile ADT of 75,000 
vehicles by the Auto Speed Adjustment 
Factor from Table 4
0.67 x 75,000 = 50,250 vehicles

:

The adjusted traffic ADT is
0.69 x 32,500 = 22,425 vehicles per day

and with an effective distance of 174 feet 
from NAL No. 2, we find from Workchart 1 
that the approximate value of DNL is 64 dB. and at an effective distance of 174 feet find

from Workchart 1 that the approximate value 
of DNL is 67 dB.

7
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necessary adjustment(s) listed below and 
then use Workchart 2 for the evaluation.

Attenuation of Noise by Barriers:

This adjustment reduces the noise produced 
by automobiles and trucks on the same road. 
Instructions for this adjustment appear after 
the noise assessment for truck traffic below.

Truck Traffic

Wherever possible, separate the average 
daily volume of trucks into heavy trucks 
(more than 26,000 pounds vehicle weight 
and three or more axles); medium trucks 
(less than 26,000 pounds but greater than 
10,000 pounds), light trucks (counted as if 
they are automobiles). You should already 
have accounted for medium and light trucks 
in your automobile evaluation. Do not forget 
that buses that can carry more than 15 seated 
passengers are counted as heavy trucks. 
Heavy trucks (including buses) must be 
analyzed separately because they have 
quite different noise characteristics. If it is not 
possible to separate the trucks into those that 
are heavy and those that are not, treat all 
trucks as though they are “heavy.”

Workchart 2, which is used to evaluate the 
site’s exposure to heavy truck noise, was 
derived with the following assumptions:
• There is line-of-sight exposure from the site 

to the road; i.e., there is no barrier which 
effectively shields the site from the road 
noise.

• The road gradient is less than 2 percent.
• There is no stop sign (traffic signals are 

permissible) within 600 feet of the site.
• The average truck traffic speed is 55 mph.
• The nighttime fraction of ADT is 0.15.

If the road meets these five conditions, 
proceed to Workchart 2 for an immediate 
evaluation of the site's exposure to heavy 
truck noise from that road.

Nightime Adjustment.

DNL values are affected by the proportion of 
traffic volume that occurs during “daytime" (7 
a.m. to 10 p.m.) and “nighttime" (10 p.m. to 7 
a.m.). The graph on Workchart 1 assumes 
that 15 percent of the total ADT occurs during 
nighttime. If a different proportion of the traffic 
occurs at night, find the appropriate nighttime 
adjustment factor from Table 5. Record your 
answer in column 11 of Worksheet C.

Figure 6.
Use of Workchart 2 to 
Evaluate Heavy Truck Noise

Heavy Trucks (55 mph)
ONI TO

100.000

*0.000

40.000

iTables

Nighttime 
Fraction 
of ADT

X '0.00C
Nighttime
Adjustment
Factor

{ *000

> *000

t0 0.43
I noo0.01 0.46

0.02 0.50 I0.05 0.62 , 1000 
t »0.10 0.81
i $000.15 1.00

0.20 1.19 400

0.25 1.38
0.30 1.57 700

0.35 1.77
0.40 1.96
0.45 2.15 100 M0 *00 *00 1000 MOO(*»)
0.50 2.34

Adjustments for Heavy Trucks

Road Gradient:

If there is a gradient of 2 percent or more, find 
the appropriate adjustment factor, for heavy 
trucks going uphill only, as shown in Table 6. 
List this factor in column 17 of Worksheet C.

Once you have selected all the appropriate 
adjustment factors and entered them on 
page 2 of Worksheet C, multiply all the 
factors together, then multiply by the auto
mobile ADT (column 12) for 24 hours, found 
on page 1 of Worksheet C. The resulting 
adjusted ADT should be entered in column 
13. This is the ADT value to 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 Worksheet C. Remember this is 
the DNLfrom automobile (as well as'light and 
medium truck) noise; you must still find the 
DNL contribution from heavy truck noise in 
order to obtain the total DNL produced by the 
roadway you are assessing.

Table 6
Percent of 
Gradient

Adjustment
Factor

2 1.4
3 1.7
4 2.0
5 2.3
6 or more 2.5

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

Example 9a: Road No. 3 is a limited access 
highway with no stop signs and the average 
speed is 55 mph. Current traffic data indicate 
an automobile ADT of 40,000 vehicles of 
which 15 percent occurs during nighttime 
hours (10 p.m. to 7 a.m.). With an effective 
distance of 270 feet to NAL No. 2, Workchart 
1 is used to show that the DNL for existing 
automobile traffic is between 63 and 64 dB. 
Round off to 64 dB.

Example 9b: However, traffic projections 
estimate that in 10 years the ADT will 
increase to 100,000 vehicles at an average 
speed of 55 mph and nighttime usage will 
increase to 25 percent. For future traffic, you 
must adjust the future ADT of 100,000 for the 
effect of increased nighttime use. From Table 
5, you find an adjustment factor of 1.38. The 
adjusted ADT is
1.38 x 700,000 = 138,000

and at an effective distance of 270 feet you 
find from Workchart 1 that the DNL will 
increase to 69 dB; therefore, provision for 
extra noise control measures should be 
explored. We will examine in Example 13 the 
effect of terrain as a shielding barrier that 
provides sound attenuation.

Example 10: Road No. 1 on Figure 4 meets 
the four 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 effective distance of 339 feet is a DNL of 
63 dB at NAL No. 1.
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Average Traffic Speed:

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

trucks and enter it in column 25. Subtract 
these attenuation values from the DNL 
values obtained previously (columns 14 
and 24), entering the reduced DNL values 
In columns 16 and 27. Combine the 
automobile and heavy truck DNL values, 
reduced by the attenuation provided by the 
barrier, to find the final DNL produced by the 
roadway at the site.

Remember to combine the contributions to 
DNL of all roads that affect the noise environ
ment at each NAL for the site to obtain the 
total DNL from all roadways. Enter this DNL 
on both Worksheet C and the summary 
Worksheet A,

Attenuation of Noise by Barriers

Noise barriers are useful for shielding sensi
tive locations from ground level noise 
sources. For example, a barrier may be the 
best way to deal with housing sites at which 
the noise exposure is not acceptable be
cause of nearby roadway traffic.

A barrier may be formed by the road pro
file, by a solid wall or embankment, by a 
continuous row of noise-compatible buildings, 
or by the terrain itself. To be an effective 
shield, however, the barrier must block all 
residential levels from line of sight to the 
road; it must not have any gaps that would 
allow noise to leak through.

Some Preliminary Matters:

In evaluating noise barrier performance, you 
will be working with different kinds of "dis
tances” between the sound source, the 
observer, and the barrier.

Actual Distance - the existing distance 
that would be measured using a tape mea
sure with no corrections or adjustments. This 
may mean one of two things, depending on 
the application; either the:
• slant distance - the actual distance,

Table 8
Heavy Truck 
Traffic Volume 
per Day
Less than 1200 
1201 to 2400 
2401 to 4800 
4801 to 9600 
9601 to 19,200 
More than 19,200

Nighttime Adjustment

After all the above adjustments are made, do 
not forget to adjust for nighttime operations if 
they are not 15 percent of the total ADT, 
using the factors obtained from Table 5 just 
as for automobiles. Enter this value in column 
23 of Worksheet C.

At this point, multiply the adjustment fac
tors for nighttime and stop-and-go traffic 
times the heavy truck traffic volume in 
column 21 to find the adjusted heavy truck 
ADT, entering the product in column 24. Use 
this value and the effective distance from the 
NAL to the road to find the truck DNL from 
Workchart 2, entering your answer in column 
25 of Worksheet C„ If no shielding barriers 
are to be considered, combine the DNL from 
heavy trucks with the DNL from automobiles 
(column 14). The result is the DNL from the 
road being assessed and should be entered 
on Worksheet C.

But:

If a shielding barrier is to be considered for 
the site, make the analysis described below 
separately for automobiles and then for 
heavy trucks before combining the DNL 
values. This step is necessary since barriers 
are far more effective for automobiles than 
for heavy trucks. Once you have found the 
amount of attenuation provided by the barrier 
for automobiles, enter it in column 15. Find 
the value of barrier attenuation for heavy

Heavy Truck 
Stop-and-Go 
Adjustment Factor
1.8
2.0
2.3
2.8
3.8
4.5

Table 7
Average Traffic 
Speed 
MPH
50 or less

Heavy Truck 
Speed Adjustment 
Factor
0.81
1.0055
1.1760
1.3865

Once you have found the speed adjust
ment factor, you can combine the uphill and 
downhill traffic. For uphill traffic, multiply the 
gradient factor times the speed adjustment 
factor times uphill traffic volume (truck ADT 
column 19) (assuming one half the total 24- 
hour average number of trucks unless 
specific information to the contrary exists), 
entering the product in column 20. Multiply 
the speed adjustment factor for downhill 
traffic times the downhill traffic volume (truck 
ADT/2 column 19). Add the values for uphill 
and downhill traffic, entering this sum in 
column 21. You may now complete the 
assessment of heavy truck noise without 
regard to uphill and downhill traffic 
separation.

Stop-and-Go Traffic:

If there is a stop sign (remember, not a traffic 
signal) within 600 feet of an NAL for the site 
on the road being assessed, find the adjust
ment factor determined according to Table 8. 
Enter it in Column 22 of Worksheet C.

Example 12a: Road No. 3 is a depressed 
highway and the profile shields all residential 
levels of the housing from line of sight to the 
traffic. The average truck speed is 50 mph. 
The ADT for heavy trucks is 4400 vehicles. 
We adjust for average speed (from Table 7)

4400x0.81 =3564

and find from Workchart 2 that, with an effec
tive distance of 270 feet, the DNL from truck 
noise would be 69 dB if no barrier existed. 
We proceed to analyze the barrier 
attenuation.

Example 11: Road No. 2 has a stop sign at 
390 feet from NAL No. 2. There is also a road 
gradient of 4 percent. No heavy trucks are 
allowed on this road, but a schedule shows 
an average of 12 large buses pass along the 
road per hour between 7 a.m. and 10 p.m., 
although no buses are scheduled during the 
remaining nighttime period. The buses are 
equally divided in each direction along the 
road. (Remember large buses, those that 
carry over 15 seated passengers, count as 
heavy trucks.)
We find the ADT for the “heavy trucks” (the 
buses in this case) by multiplying the average 
number of vehicles per hour by the number of 
hours between 7 a.m. and 10 p.m. That is, 12 
x 15 - 180, or 90 vehicles in each direction. 
We find from Table 6 that the gradient adjust

ment factor for uphill traffic is 2.0. We find the 
truck volume adjusted for gradient is
uphill: 
downhill: 
total (column 21)

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

We also remember that we have no buses 
in the nighttime period and find the factor in 
Table 5 on page 8 for zero nighttime opera
tions to be 0.43.

Our final adjusted ADT is (column 24)

1.8 x 0.43 x 270 = 209 Vehicles

From Workchart 2, with an effective distance 
of 174 feet, we find a DNL of 59 dB.

90x2.0= 180
= 90
= 270 vehicles
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• diesel locomotives or trains using horns or 2. Enter at the top of Workchart 6 with the 
whistles at grade crossings - 15 feet above 
the rails.

measured along the line of sight between two 
points; or the
• map distance - the actual distance, 
measured on a horizontal plane, between the 
two points, as on a map or on the project plan.

For an observer high in an apartment 
tower, the slant distance to the road may be 
much longer than the map distance.

Barrier effectiveness is expressed in terms 
of noise attenuation in decibels (dB), deter
mined with the aid of Workchart 6. This 
numerical value is subtracted from the 
previously calculated DNL in order to find the 
resultant DNL at the Noise Assessment 
Location.
Note: A noise barrier can be considered as 
a means of protecting a site from noise even 
if it cannot wraparound the site to shield 
from view practically all of the source of noise 
at every sensitive location on the site. It must 
be recognized, however, that such a barrier 
is much less effective than an ideal barrier. 
(See Workchart 7 and Step 6 below.)

Barriers of reasonable height cannot be 
expected to protect housing more than a few 
stories above ground level. Barriers will 
generally protect the ground and the first two 
or three floors, but not the higher floors. If 
there are to be frequently occupied balconies 
on the upper levels, one solution is to move 
the building farther from the noise source and 
face the sensitive areas away from the noise.

value of h on the left-hand scale; move right 
to intersect the curve corresponding to R (or 
D, whichever is smaller).

3. Move down to intersect the cun/e corre
sponding to the value of D/R (or R/D, which
ever is smaller).

4. Move right to intersect the vertical scale in 
order to find the barrier shielding value A in 
decibels.

Figure 7.
Source Heights to Be
Used in Roadway Barrier Designs
Source Trucks

Barrier8’

777777777^Road 7777 5. Interruption of the line of sight with a barrier 
between 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 Workchart 6 by 

/777>. entering the table with the value of D/R. Find 
' the barrier attenuation value S correspond

ing to an ideal barrier that completely hides 
the noise source from view by subtracting B 
from the value of A obtained in Step 4.

Autos

Source Barrier

Road 77777777777

Get accurate values for the following 
quantities: h, the shortest distance from the 
barrier top to the line of sight from source to 
observer; R and D, the slant distances along g |f barrier exists along only a part of the 
the line of sight from the barrier to the source road so that unshielded sections of the road 
and observer, respectively (see Figure 8). would be visible from the site, the barrier is 

less effective than an ideal barrier. On a plan 
view of the site, locate the two ends of the 
barrier and draw lines from these points to 
the Noise Assessment Location. Use a pro
tractor to measure the angle formed at the 
NAL by the two lines. Enter the horizontal 
scale of Workchart 7 with the values of this 
angle; read up to the curve having the value 
of S determined from Step 5 (interpolating if 
necessary); read left across to the vertical 
scale labeled "actual barrier performance" to 
find the value of FS to use for the actual 
barrier in question.

Figure 8.
Generalized Geometry 
of Acoustical Barrier 
observer h IS THE AMOUNT BY 

WHICH THE BARRIER 
BREAKS THE LINE-OF'SIGHT

h.

UNE-OF-SIGHT FROM X
OBSERVER TO SOURCE

R + D IS THE SLANT DISTANCE 
FROM SOURCE TO OBSERVER

Steps to Evaluate a Barrier

1. For the observer’s position, use the mid
height of the highest residential level. For the 
source position, use the following heights 
(see Figure 7):
• autos, medium trucks, railway cars - the 
road or railway surface height
• heavy trucks - 8 feet above the road 
surface

R

SOURCE
BARRIER

Specifically, R and D are the two segments 
into which h breaks the line of sight. Note that 
h is not the height of the barrier above the 
ground but the distance from the barrier top 
to the line of sight.

7. Subtract the barrier attenuation value S (or 
FS if adjusted for finite barrier length accord
ing to Workchart 7) from the value of DNL 
previously determined to reevaluate the site 
with the noise barrier in place.

Example 12b: (Refer to Figure 9.) Six stories 
are planned for the housing where the site 
has an elevation of 130 feet. The effective 
elevation for the highest story is found by 
multiplying the number of stories by 10 feet, 
adding the site elevation, and subtracting 5 
feet.

(6 X 10) + 730 - 5 = 185 feet

The barrier, which in this case is formed by 
the road profile, has no “height" other than 
the elevation of the natural terrain above the 
noise sources traveling on the roadway. The 
important dimensions are indicated in 
Figure 9.

Some people with a technical background 
will be able to fit the geometric diagram to the 
site situation readily, working from the project 
drawings and a scratch sheet.

But if you are not confident of your geom
etry, Workchart 5 gets you the values of R, D, 
and h from the map distances and elevations 
of the site. We illustrate that procedure in this 
example.

First, enter the elevations of the source (S), 
the observer (O), and the top of the barrier (H), 
as well as the map distances from the barrier 
to the source (RT) and observer (D’)f at the top 
right of Workchart 5. Then, follow the steps 
on that Workchart to derive the values of h, R, 
and D that are needed in using Workchart 6.

Entering Workchart 6 at the upper left with 
the value of h (5.5 feet), we move horizontally

1
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Figure 9.
Detail of Site Showing Measurements 
Necessary for a Barrier Adjustment

Figure 11.
Use of Workchart 6 to Evaluate Barrier 
in Examples 12b, 13 and 14
Noise Barrier Workchart 6r- ELEVATION OF 

JL OBSERVER, 0 = 185'

2I0
I 60‘ Il460‘ H55' I 5s

l

V T b
55 hi

ill
ELEVATION OF 
TERRAIN, H = 150'

S8ELEVATION OF 
SITE, 130'

ELEVATION OF ROAD 3 IS 125' 
SOURCE HEIGHT, S, IS 125' + 8' » 
133' FOR HEAVY TRUCK si

s§
“a

ssFigure 10.
Use of Workchart 5 to Determine Barrier 
Dimensions in Example 12b
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If we carefully scale the dimensions 
directly from this sketch, we find the following 
values for h, R, and D:

R=63 feet

to the right until we meet the value of R or D, 
whichever is smaller: in this example, R = 62 
feet. From that point we drop vertically down
ward until we meet the value of R/D or D/R, 
whichever is smaller: in this case, R/D = 
0.29. From that point, move horizontally to 
the right to find the value for A = 9 dB. Enter
ing the table for determining loss of ground 
attenuation effect due to the barrier with a 
value for D/R of 3.5, the reduction in 
attenuation (B) is found to be 3 dB. 
Substracting 3 dB from 9 dB provides a net 
attenuation of 6 dB. With 6 dB of attenuation, 
the original DNL of 69 dB (Example 12a) is 
reduced to 63 dB.

Example 13: An alternative approach, which 
is somewhat more direct, is illustrated here 
for the noise of automobiles on Road No. 3.

A preliminary step is to make an accurately 
scaled sketch of the general geometry 
introduced on page 8. It must include the 
positions of the source (this time at the road 
surface), the observer, and the top of the 
barrier; and will show the distances h, R, and 
D. Such a sketch is shown superimposed on 
the profile of the road and its neighborhood 
in Figure 12.

R/D=0.3
D=214feet 
h=11 feet

The barrier attenuation is found, by enter
ing Workchart 6 with these values, to be 
A= 12 dB. It is larger than that found 
for trucks because the noise source is lower 
and is, therefore, better shielded by the 
barrier. The loss from ground attenuation is 
again B=3 dB for a net attenuation of 12 - 3 = 
9 dB. In Example 9b, we found that the DNL
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Figure 12.
Sketch Showing Dimensions for Example 13

Six Story 
BuildingElevations 

190L 
0 = 1851'

0 20 40 60 80 100

130*
S= 125 D' = 210* —R’= 60’—»iK D = 2141 

R = 63’{Dimensions Scaled 
from this Sketch 11*h =

Example 14: Where no natural barrier exists, of a given height will provide more attenua- 
Workchart 6 can be used in reverse to esti- tion for automobiles than it will for trucks. As a
mate the height of a barrier needed to obtain first step in our analysis, we will find the
a required attenuation. Ip example 9b we 
found that, without any attenuation from ter- noise to just below 65 dB, say 64 dB, and then 
rain or a barrier, the automobile traffic pro- find out whether the additional attenuation it 
duced a DNL of 69 dB, and in Example 12a provides for automobile noise will be suffi- 
the heavy truck traffic produced a DNL of 69 cient to reduce the combined truck and 
dB When combined, the total DNL is 72 dB. automobile noise to less than 65 dB. We 
Suppose the terrain were not rising between begin by finding the height of wall that will 
NAL and Road No. 3, as shown in Figure 12, provide 5 dB attenuation for truck noise, 
but instead was level between the NAL and 
the edge of the road, as shown in Figure 13. the same as R’/D’, the ratio of horizontal 
We want to find out how high a wall, infinite in distance in Figure 13, which is equal to 0.29.
length, would be required at the edge of the Before entering Workchart 6, we find from the
road to reduce the combined truck and auto- loss of ground attenuation table that for D/R 
mobile noise to less than 65 dB. We have 
found in the previous examples that a barrier ideal barrier. In order to have a net attenua

tor the projected traffic volume of 100,000 
vehicles per day was 69 dB if no considera
tion was given the shielding provided by the 
terrain. Subtracting the 9 dB attenuation from 
69. we find the partial DNL for automobiles is 
60 dB.

In order to find the combined truck and 
automobile noise for Road No. 3. we com
bine the 63 dB of truck noise with the 60 dB of 
automobile noise using Table 1. We find that 
1.8 should be added to 63 dB, for a combined 
DNL of 64.8 dB, or 65 dB when rounded to 
the nearest whole number.

height of a wall that will reduce the truck

We estimate that the ratio of R/D is about

'•
: = 3.4 we will lose 3 dB attenuation from an
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Figure 13.
Sketch Showing Dimensions for Example 14

190* 40 60 80 100O = 185' i ill ill□
Feet

Y
hD

X
H ;r S = 125* + 8* = 133*130' f 125'

D1 = 210' «— R' = 60' —*|*

dB. The original 69 dB of automobile noise is 
reduced to 69 - 9 = 60 dB.

Finally, we combine the heavy truck noise, 
attenuated by the wall to 69 - 5 = 64 dB, with 
the automobile noise reduced to 60 dB, to 
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 once the 
actual length was known.

tion of 5 dB. we must have an ideal barrier 
that provides 5 + 3 = 8 dB attenuation.

Entering Workchart 6 on the right side 
scale A at 8 decibels, we move across to the 
diagonal lines, finding 0.29 by interpolating 
between the lines marked at 0.2 and 0.5. 
Moving directly up to a point midway between 
the R lines of 50 and 70, we find our esti
mated R of approximately 60. Moving across 
to the left we find that the line of sight 
between the observer and the truck source 
height must be broken by a value of h equal 
to 4.5 feet.

We can determine the height of the wall H 
in several ways. By drawing h=4.5 feet to 
scale on Figure 13, we can scale the total wall 
height H to be approximately 20 feet. Those 
who feel comfortable with geometry can

calculate H by using the similar triangle rela
tionships in Figure 13 to determine that H is 
19.1 feet.

Now we must find how much a wall 19 feet 
high will attenuate automobile noise, 
remembering that the source height for 
automobiles is at the road surface elevation 
of 125 feet. By scaling the drawing, or by 
geometry, we determine that the line of sight 
between the observer position and the auto
mobile source is broken by a value of h that is 
approximately 13 feet Entering Workchart 
6 at 13 feet we find, for R=60 feet and 
R/D=0.29, that the potential barrier attenu
ation is 12dB. We must reduce this by 3 dB 
for loss of ground attenuation to find the 
actual shielding of automobile noise to be 9

13
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Railways

quiring prolonged use of the train’s horn or 
whistle.

If the situation meets these conditions, 
proceed to Workchart 3 for an immediate 
evaluation of diesel locomotive noise.

But:

If any of the conditions is different, make the 
necessary adjustments listed below and then 
use Workchart 3 for the evaluation.

tell the engineer to start blowing the horn or 
whistle. Every grade crossing has whistle 
posts and they are listed on the railroad’s 
"track charts.’’ If traffic on the track is one
way, there will be only one whistle post. The 
grade crossing itself is the other "whistle 
post."

Electrified rapid transit and commuter trains 
that do not use diesel engines should be 
treated the same as railway cars.

Note: Buildings closer than 100 feet to a 
railroad track are often subject to excessive 
vibration transmitted through the ground. 
Construction at such sites is discouraged.

Necessary Information

To evaluate a site’s exposure to railway 
noise, you will need to consider all rapid 
transit lines and railroads within 3000 feet of 
the site (except totally covered subways). 
The information required for this evaluation is 
listed below under headings that indicate the 
most likely source.

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

From the area map and/or the (County) 
Engineer:
• The distance from the appropriate NAL on 
the site to the center of the railway track 
carrying most of the traffic.

From the Supervisor of Customer Relations 
for the railway:
• The number of diesel trains and the 
number of electrified trains in both directions 
during an average 24-hour day.
• The fraction of trains that operate during 
nighttime (10 p.m. - 7 a.m.) If this is unknown, 
assume 0.15.
• The average number of diesel locomotives 
per train. If this is unknown, assume 2.
• The average number of railway cars per 
diesel train and per electrified train. If this is 
unknown, assume 50 for diesel trains and 8 
for electrified trains.
• The average train speed. If this is un
known, assume 30 mph.
• Is the track made from welded or 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 whistle posts 
located? (Whistle posts are signposts which

Figure 14.
Use of Workchart 3 to Evaluate Diesel 
Locomotive Noise

Railroads - Diesel Locomotives
S343 4070ONI 73Evaluation of Site Exposure to 

Railway Noise

Railway noise is produced by the combina
tion of diesel engine noise and railway car 
noise. These Guidelines provide for the 
separate evaluation of diesel locomotives 
and railroad cars, and then the combination 
of the two, in order to obtain the DNL from 
trains. When rapid transit or electrified trains 
that do not use diesel engines are the only 
trains passing near a site go directly to the 
second part of the evaluation since these 
trains are treated in the same manner as 
railway cars.

1000
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Diesel Locomotives

Workchart 3 was derived with the following 
assumptions:
• A clear line of sight exists between the 
railway track and the Noise Assessment 
Location.
• There are two diesel locomotives per train.
• The average train speed is 30 mph.
• Nighttime operations are 0.15 of the 24- 
hour total.
• The site is not near a grade crossing re-

700 400 400 1000 7000
Dltlonc* (ft)

4000 4000 10,00040 40 M 100

Adjustments for Diesel Locomotives

Number of Locomotives:

If the average number of diesel locomotives 
per train 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
ber 1 to Railway Number 1 is 339 feet. Two 
percent 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 available on train 
size or speed, therefore we will assume 2 
engines per train and a speed of 30 mph.

Since the percentage of nighttime opera
tions is different from 15 percent, we must 
adjust the actual number of daily operations, 
multiplying by 0.50 according to Table 5.

0.50x35= 17.5= 18

Entering Workchart 3 with 18 daily opera
tions and a distance of 339 feet, we find that

the contribution of diesel engine noise is a 
DNL of 59 dB (see Figure 14).

In order to find the total contribution of the 
trains to the total DNL, we must also find the 
noise level produced by the train's cars. 
Entering Workchart 4 (see Figure 15) with 18 
daily operations and a distance of 339 feet, 
we find the DNL is below 50 on the chart, or 
more than 10 decibels lower than the noise 
level produced by the engines. Based on the 
chart for decibel addition, the combination of 
the noise from the engines and the cars 
adds less than 0.5 decibels to the DNL value 
for the engines alone, 59 dB.

Example 15b: Suppose that a forecast of 
train operations for Railway 1 indicates 
that there will still be 35 trains per day, but 
now 50 percent of the operations will occur at 
night, the average train will have 4 engines 
and 75 cars, and the average speed will be 
50 mph.

We first find the contribution to DNL made 
by diesel locomotives by using the following 
adjustment factors:
• number of engines adjustment: 2
• speed adjustment: 0.60
• day/night adjustment: 2.34

We multiply these adjustments together 
with the number of trains:

2X0.60X2.34X35 = 98

Entering Workchart 3 (see Figure 14) with 
98 daily operations and a distance of 33914
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Average Train Speed:

If the average train speed is different from 30 mph, 
find the appropriate adjustment factor from Table 9 
and list in column 10 of Worksheet D.

Nighttime Adjustment

Remember to adjust for nighttime operations, 
if different from 0.15 of the total, by selecting 
the appropriate adjustment factor from Table 
5. Enter in column 12,
Worksheet D.

Multiply the adjustment factors together times 
the number of diesel trains per day (you have 
listed this number previously on line 2a, page 
1 of Worksheet D, and should enter this 
number again in column 13) to obtain the 
adjusted number of trains per day. Enter the 
adjusted number of diesel trains per day in 
column 14. Use this value, in conjunction 
with the distance from the NAL to the track 
(line 1, page 1 of Worksheet D) to find from 
Workchart 3 the DNL produced by diesel 
locomotives. List in column 15 of Worksheet

If the situation meets these conditions, proceed 
to Workchart 4 for an immediate evaluation of 
railway car noise. Again, if any of the 
conditions is different, make the necessary 
adjustments listed below and then use 
Workchart 4 for the evaluation.

Homs or Whistles:

If the Noise Assessment Location (NAL) is 
perpendicular to any point on along a railroad 
track between the whistle sign posts for a road 
crossing, a factor to account for the noise of 
warning horns or whistles must be included in the 
calculation. There are 2 factors to be used based 
on the type of locomotive. If the locomotive is 
diesel-powered, enter the number 10 in column 11 
of Worksheet D. If the locomotive is electric- 
powered, enter the number 100 in column 18 of 
Worksheet D. If the NAL is not between the 
whistle posts for a road crossing, enter the 
number 1 in each column.

Note: Whichever hom factor is appropriate, it 
must only be applied once. If a factor is applied 
for diesel locomotives in the first section of the 
worksheet, it must not be applied to the railcar 
noise calculation in the second part. In that 
instance, enter the number 10 in column 11 and 
the number 1 in column 18.

Adjustments for Railway Cars and Rapid 
Transit Trains

Number of Cars:

Divide the average number of cars by 50 and 
enter this number in column 18 of Workchart D.

Average Speed:

Make this adjustment, if the average speed is 
not 30 mph, by selecting the appropriate value 
from Table 10, entering it in column 19 of 
Worksheet D.

Bolted Rails:

Enter the number 4 in column 20 of 
Worksheet D.

Nighttime Adjustment

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

D.

Railway Cars and Rapid Transit Systems

Workchart 4 was derived with the following 
assumptions:
• A clear line of sight exists between the 
railway and the NAL.
• There are 50 cars per train.
• The average train speed is 30 mph.
• Nighttime operations are 0.15 of the 24- 
hour total,
• Rails are welded together.

Entering Workchart 3 (see Figure 14) with 
236 operations at a distance of 550 feet, we 
find the DNL contribution of from engine noise 
to be 67 dB.

Next we find the adjustment factors for the 
railroad cars:
• number of cars adjustment: 2
• speed adjustment: 1.78
• bolted track adjustment: 4
• day/night adjustment: 1.57

Multiplying the adjustments together times 
the number of trains:

2 X 1.78 X 4 X 1.57 X 100 = 2236 
Entering Workchart 4 (see Figure 15) with

feet, we find that the site has an engine noise 
contribution to DNL of 66 dB.

We next obtain the adjustment lectors for 
the noise produced by the cars:
• number of cars adjustment: 1.50
• speed adjustment: 2.70
• day/night adjustment: 2.34

Multiplying the adjustment factors times 
the average daily number of trains:

1.5 X 2.78 X 2.34 X 35 - 342

Entering Workchart 4 (see Figure 15) with 
342 operations and a distance of 339 feet, 
we find the contribution of the cars to the 
DNL is 60 dB. Using Table 1 for combining 
levels, we find that the 6 dB difference 
between engine noise at 66 and car noise at 
60 gives a combined DNL of 67 dB for these 
trains.

Example 16: The distance from NAL number 
2 to Railroad Number 2 is 550 feet; there are 
100 operations per day of which 30 percent 
occur at night. A clear line of sight exists 
between the site and the railroad, and no 
horns or whistles are used nearby. An 
average train on this track uses 4 engines, 
has 100 cars, the average speed is 40 miles 
per hour, and the track has bolted, not 
welded, rails.

We first find the adjustment factors for the 
diesel engines:
• number of engines adjustment: 2
• speed adjustment: 0.75
• day/night adjustment: 1.57

Multiplying the adjustments together, 
times the number of trains:

2 X 0.75X1.57X100 = 236

■

(Continued on subsequent page)
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Figure 15. ^
Use of Workchart 4 to Evaluate Railway Car
Noise
Railroads - Cars and Rapid Transit
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Figure 18.
Use of Workchart 7 In Example 16

Figure 17.
Use of Workchart 6 in Example 16

Figure 16.
Sketch Showing Dimensions for Example 16
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2236 operations at a distance of 550 feet, we 
find the DNL contribution from the railroad 
cars to be 65 dB. Combining the engine 
sound levels with the car sound levels we find 
the total DNL from the trains to be 69 dB.

It would be possible to erect a 20-foot 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 feet north toward the air
port, as shown in Figure 16. Both the railroad 
track and the ground level at the barrier loca
tion are at an elevation of 160 feet. Thus, we 
have the following values with which to calcu
late the potential reduction in engine noise 
(using Workchart 5). (Because the distances 
Involved are so unequal, this situation does

not lend itself to direct scaling of the 
distances.)

H = 180 feet (20' above the ground)

S = 175 feet (15'above the track, see 
page 19)

0 = 285 feet (from Example 11 in the section 
on roadway noise)

R’ = 50 feet

D' = 500 feet

We find from Worksheet 5 that the values 
of R and D are no different (within the accu
racy of the calculation) from R’ and D’, a 
situation that will always occur when the 
differences in elevation are so much smaller 
than the distances from the site to the noise 
source. The value of h is 4 feet; R/D = 0.1

We can now use these numbers to enter 
Workchart 6 to find the potential barrier per
formance (that is, the barrier adjustment 
factor 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 
attenuation of the barrier to be 7.5 dB. How
ever, with D/R = 10, we find from the table of 
loss-of-ground-effect attenuation that we 
must subtract 4 dB from the 7.5, or a net 
effect of 3.5 dB. However, the situation is 
even worse, since the barrier is finite in 
length.

To find the actual attenuation for this finite 
barrier, we must first find the angle sub
tended by the barrier to the NAL Referring 
to Figure 16, we draw lines from the 
NAL each end of the barrier. With16
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a protractor we measure the angle between 
the two lines to be 77 degrees. Locate the 
curve on Workchart 7 corresponding to the 
potential barrier attenuation of 3.5 dB; it lies 
midway between the two lowest curves (see 
Figure 18). The point on this curve corre
sponding to a subtended angle of 77 degrees 
indicates that the actual barrier performance 
would be only 1.5 dB. With only 1.5 dB of 
attenuation, the barrier is clearly not cost- 
effective. In order to achieve a usable 
attenuation from the barrier, it would have to 
be extended beyond the other side of Road 
Number 2 to obtain a larger subtended angle. 
This extension, however, would still not be 
cost-effective unless the height of the barrier 
were increased substantially.
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Summary of Adjustment Factors

Railroads - Diesel Engines
Number of Engines per Train
The number of engines divided by 2.

Combination of Sound Levels

Table 1
Difference in 
Sound Level

Table 5 Nighttime (applies to all sources)
Nighttime 
Adjustment 
Factor

Add to 
Larger Level

Nighttime
Fraction
ofADT

Table 9 Average Train Speed
Speed 
Adjustment 
Factor

3.00
2.51 Average Speed 

(mph)
0 0.43

2 2.1 0.01 0.46
3 1.8 0.02 0.50 10 3.004 1.5 0.05 0.62 20 1.501.25 0.10 0.81 30 1.006 1.0 0.15 1.00 40 0.750.87 0.20 1.19 50 0.608 0.6 0.25 1.38 60 0.509 0.5 0.30 1.57 70 0.4310 0.4 0.35 1.78

0.312 0.40 1.96 Whistles or horns
Multiply number of trains by 10.

14 0.2 0.45 2.1516 0.1 0.50 2.34
greater than 16 0.

Railroads - Cars and Rapid Transit 
Numbers of cars.
Number of cars per train divided by 50.

Medium Trucks

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

Multiply adjusted automobile traffic by 10.

Aircraft

Table 2 DNL Outside 65 dB Contour
D1 =distance from 65 dB contour to flight path 
D2=distance from site to flight path Table 10 Average Train Speed

Speed 
Adjustment 
Factor

D2 DNL Average Speed 
(mph)Heavy TrucksD1 dB

1.0 65 10 0.11Table 6 Road Gradient
Percent of 
Adjustment 
Gradient 
Factor

1.12 64 20 0.44
30 1.001.26 63
40 1.781.41 62
50 2.781.58 61 60 4.001.78 60 70 5.442 1.42.00 59 80 7.113 1.72.24 58 90 9.004 2.02.51 57 100 11.115 2.22.82 56 6 or more 2.5 Bolted Rails

Multiply number of trains by 4.
Whistles or Homs
Multiply number of trains by 100.

3.16 55

Table 7 Average Speed
Average Traffic 
Speea 
(mph)
50 or less

Automobile Traffic Truck Speed
Adjustment
FactorTable 3 Stop-and-go

Distance from Site 
to Stop Sign

0.81Automobile 
Stop-and-go 
Adjustment Factor

55 1.00
feet 60 1.17

65 1.380 0.10
100 0.25
200 0.40 Table 8 Stop-and-go

Heavy Truck 
Traffic Volume 
per Day
Less than 1200 
1201 to 2400 
2401 to 4800 
4801 to 9600 
9601 to 19,200 
More than 19,200

300 0.55
400 Heavy Truck 

Stop-and-Go 
Adjustment Factor

0.70
500 0.85
600 1.00

1.8
2.0
2.3

Table 4 Average Traffic Speed
Average 
Traffic Speed
20 (mph)

2.8
3.8
4.5Adjustment Factor

0.13
0.2125
0.3030
0.4035
0.5340
0.6745
0.8350
1.0055
1.1960
1.4065 1.6270
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Workchart 1 
Autos (55 mph)
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Workchart 2 
Heavy Trucks (55 mph)
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Workchart 3
Railroads - Diesel Locomotives
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Workchart 4
Railroads - Cars and Rapid Transit
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V *

’OBSERVER*Workchart 5 
Noise Barrier
To find R, D and h from Site Elevations 
and Distances

Enter the values for: o
i </> 

H S2p.R'=H- x/lV I 53I
UJR ID'=S=

Fill out the following worksheet 
(all quantities are in feet): 0*o=

/A////✓/////// / /V/////////77V/////
SOURCE

]] - Is ] = [ 1[H1. Elevation of barrier top minus elevation of source

]] - Is ] = r2[°2. Elevation of observer minus elevation of source

][33. Map distance between source and observer (R’ + D’)

]r4. Map distance between barrier and source (R’)

]] = f5P ] - P5. Line 2 divided by line 3

]] = [ 6] x p[56. Square the quantity on line 5 (i.e., multiply it by itself); 
always positive

7. 40% of line 6 ]] = p} x t6[ 0.4

]] = [ 8] - P[8. One minus line 7 1.0

9 ]] = [P ] X [<9. Line 5 times line 4 (will be negative if line 2 is negative)

]] = p° 

] = [11 

] = vz 

j = p3 

i = r14 
] = t,s 

]= t16 

i = r

t ] - [110. Line 1 minus line 9 9

] =*>] x [[10 811. Line 10 times line 8

]j x pp12. Line 5 times line 10

]P ] + [ 813. Line 4 divided by line 8

] = r] + PP314. Line 13 plus line 12

]P ] - P15. Line 3 minus line 4

]] - [P5 816. Line 15 divided by line 8

P6 ] - V2 ] =D17. Line 16 minus line 12

Round off R and D to nearest integer, h to one 
decimal place.

[Note: the value on line 2 may be negative, in 
which case so will the values on lines 5,9, and 12; 
line 1 may also be negative. Remember, then, in

lines 10,14, and 17, that adding a negative num
ber is the same as subtracting: 
x+(-y)=x-y. And subtracting a negative number is 
like adding: x-(-y)=x+y.

I
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Workchart 6 
Noise Barrier
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Workchart 7
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Noise Assessment GuidelinesWorksheet A 
Site Evaluation

Site Location

Program

Project Name

Locality

File Number

Sponsor’s Name Phone

Street Address City, State

Acceptability
Category

Predicted for 
Operations in YearDNL

1. Roadway Noise

2. Aircraft Noise

•3. Railway Noise

Value of DNL for all noise sources: (see page 3 for 
combination procedure)

Final Site Evaluation (circle one)

Acceptable

Normally Unacceptable

Unacceptable

. >ignature Date

Clip this worksheet to the top of a package 
containing Worksheets B-E and Workcharts 1 -7 
that are used in the site evaluations
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Noise Assessment GuidelinesWorksheet B 
Aircraft Noise

List all airports within 15 miles of the site:

1.

2.

3.

Airport 3Airport 2Necessary Information: Airport 1

1. Are DNL, NEF or CNR contours available? 
(yes/no)

2. Any supersonic aircraft operations?
(yes/no)

3. Estimating approximate contours from Figure 3:

a. number of nighttime jet operations

b. number of daytime jet operations

c. effective number of operations 
(10 times a + b)

d. distance A for 65 dB

70dB

75 dB

e. distance B for 65 dB

70 dB

75 dB

4. Estimating DNL from Table 2:

a. distance from 65 dB contour to 
flight path, D1

b. distance from NAL to flight 
path, D2

c. D2 divided by D1

d. DNL

5. Operations projected for what year?

6. Total DNL from all airports

DateSigned — -*

;127
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Noise Assessment GuidelinesWorksheet C 
Roadway Noise

Page 1

List all major roads within 1000 feet of the site:

1.

2.

3.

4.

Road 4Necessary Information Road 2 Road 3Road 1

1. Distance in feet from the NAL to 
the edge of the road

a. nearest lane

b. farthest lane

c. average (effective distance)

2. Distance to stop sign

3. Road gradient in percent

4. Average speed in mph

a. Automobiles

b. heavy trucks - uphill

c. heavy trucks - downhill

5. 24 hour average number of automobiles 
and medium trucks in both directions (ADT)

a. automobiles

b. medium trucks

c. effective ADT (a + (10xb))

6. 24 hour average number of heavy trucks

a. uphill

b, downhill

c. total

7. Fraction of nighttime traffic (10 p.m. to 7 a.m.)

8. Traffic projected for what year?

28
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Worksheet C 
Roadway Noise

Page 2 Noise Assessment Guidelines

Adjustments for Automobile Traffic
12 1611 139 10 14 15

Sto Night- 
Time 
Table 5

AutoAverage 
Speed 
Table 4

and-go 
Table 3

Partial
(Workchartl) Attenuation DNL

ADT Adjusted 
Auto ADT

BarrierDNL
(line 5c)

Road No. 1

Road No. 2

Road No. 3 X.

Road No. 4

Adjustments for Heavy Truck Traffic
2725 262421 22 2317 18 19 20

Adjusted DNL 
Truck

Stop Night- 
Time 
Table 5 ADT

Average Truck 
Gradient Speed ADT 
Table 6 Table 7 2

Partial(Work- Barrier
chart 2) Attn.

and-go 
Table 8 DNL

Uphill _X

Road No. 1 XAdd

Downhill

Uphill X

XRoad No. 2 Add

Downhill

Uphill

XAdd.Road No. 3

Downhill

Uphill

XAdd.Road No. 4

Downhill _X

Combined Automobile & Heavy Truck DNL

Total DNL for 
All Roads

=
Road No. 4Road No. 3Road No. 1 Road No. 2

!

;

!DateSignature.
!

29
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Noise Assessment GuidelinesRailway Noise 
Data Sheet

NotesList All Railways within 3000 feet of the site:

1.

Railway No. 1 Railway No. 2 Railway No. 3Necessary Information

Measured in feet from 
NAL to center of track

1. Effective distance:

2. Number of Trains in 24 hours:

a. diesel

b. electrified

3. Fraction of operations occuring at night: 10 p.m. - 7a.m.

4. Number of diesel locomotives per train:

5. Number of rail cars per train:i

a. diesel trains
::

b. electrified trains Include locomotive for 
electrified trains

6. Average train speed:

7. Is track welded or bolted?

8. Is the site opposite a section of tracks 
between whistle stops?



Railway Noise
Computations and Findings

Noise Assessment Guidelines

Adjustments for Diesel Locomotives

9 1715 1610 12 13 1411
No. of Average 

Speed 
(Table 9)

Night
time
(Table 5)

No. of 
Trains 
(Line 2a)

Locomotives PartialBarrier 
(Wbrfcchart 3) Attn.
DNLHoms 

(Enter 10)
Adj. No 
of Opns.2 DNL

Railway No. 1 x x X X

Railway No. 2 _ x x X X

Railway No. 3 x sX X X

Adjustments for Railway Cars or Rapid Transit Trains and Electric Locomotives

25 26 27
18 19 22 23 2420 21
Homs on 
Electric 
Trains only 
(Enter 100)

Barrier 
(Wbrkchart4) Attn.
DNL PartialNumber 

of cars
No. of 
Trains 
(Lines 2a 
and 2b)

Adj. No. 
of Opns.

Average 
Speed 
(Table 10)

Bolted 
Rails 
(Enter 4) 
Wfelded 
(Enter 1)

Night
time
(Table 5)

DNL
50

Railway No. 1 =x xX XX

I
Railway No. 2 sX X XX X

f.

Railway No. 3 xx xx x
:

Combined Locomotive and Railway Car DNL (See combining noise levels table for procedures)

Partial DNL
Total DNL for all Railways

Partial DNL 
Railway No. 3

Partial DNL 
Railway No. 2Partial DNL 

Railway No. 1

I

DateSigned >

i
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Noise Assessment Guidelines Workbook
Problems

Chapter 6

A Workbook for the Noise 
Assessment Guidelines Problems 1 Through 7: Combining Sound Levels In Decibels

Calculate the Combined Sound Level for the Following Sets of Individual Levels:

1. 67 LDN 
61 LDN

2. 63 LDN 
63 LDN

3. 51 LDN 
68 LDNIntroduction

Combined
Level

Combined
Level

Combined
LevelThe following problems were 

prepared to give you the opportunity 
to practice the calculations and 
procedures described in the Noise 
Assessment Guidelines. Because it 
is so rarely used, we have not 
included any problems dealing with 
the aircraft noise procedure.

We have not reproduced the 
charts or tables from the Guidelines 
so you will need to have it at hand to 
do the problems.

6. 59 LDN 
63 LDN 
71 LDN

5. 67 LDN 
72 LDN

4. 62 LDN 
65 LDN

Combined
Level

Combined
Level Combined

Level
7. 73 LDN 

72 LDN 
61 LDN 
67 LDN

Combined
Level

Problems 8 and 9: Calculating Effective Distance

Calculate the Effective Distances for the Following Roads:

8. Distance in Feet from NAL to:
Near Edge of Nearest Lane 
Far Edge of Farthest Lane 
Effective Distance

22 Feet 
76 Feet

9. Distance in Feet from NAL to:
Near Edge of Nearest Lane 
Far Edge of Farthest Lane 
Effective Distance

60 Feet 
84 Feet

Problems 10 Through 15: Adjustment Factors

List The Adjustment Factors Necessary for Each of the Following Situations and the 
Numerical Value for Each Adjustment Factor.

10. A Roadway Where the Road Gradient Is 1%, the Average Speed for Both Autos and 
Trucks Is 30 MPH and the Fraction of Nighttime Traffic Is 10%.

Adjustment Factors Needed:

Value of Adjustment Factors:

11. A Roadway Where There Is A Stop Sign 400 Feet from the NAL The Gradient Is 1%, 
the Average Speed for Autos Is 45 MPH (There Are No Trucks) and the Fraction of 
Nighttime Traffic Is 15%.

Adjustment Factors Needed:

■

'
Value of Adjustment Factors:

;
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12. A Roadway Where the Road Gradient Is 2%, the Average Speed for Autos Is 50 MPH 
and for Trucks (Both Uphill and Downhill) Is 50 MPH and the Fraction of Nighttime 
Traffic Is 10%.

Adjustment Factors Needed:

Value of Adjustment Factors:

13. A Railroad Where the Fraction of Operations Occurring at Night Is 30%, the Average 
Train Speed is 40 MPH, the Track Is Bolted and There Are No Whistle Or Horns 
Required for Grade Crossings.

Adjustment Factors Needed:

Value of Adjustment Factors:

14. A Railroad Where the Fraction of Operations Occurring at Night Is 5%, the Average 
Train Speed Is 10 MPH, the Tracks Are Welded and There Are No Whistles Or Horns 
Required for Grade Crossing,

Adjustment Factors Needed:

Value of Adjustment Factors:

15. A Railroad Where the Fraction of Operations Occurring at Night Is 20%, the Average 
Train Speed Is 30 MPH, the Track Is Bolted and No Whistles or Horns Are Required 
for Grade Crossings.

Adjustment Factors Needed:

Value of Adjustment Factors:

j
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Problems 16 Through 21: Some Basic Problems

Calculate the Combined Noise Levels for Each of the Following Situations:

16. A Roadway Where the distance in Feet from the NAL to the Near Edge of the Nearest 
Lane Is 310 Feet, the Distance to the Far Edge of the Farthest Lane Is 358 Feet.
There Is A Stop Sign 400 Feet from the NAL The Gradient Is 1%. The Average 
Number of Automobiles Is 17,000, the 24 Hour Average Number of Medium Trucks Is 
1,500, the 24 Hour Average Number of Heavy Trucks Is 400 Total. The Fraction of 
Nighttime Traffic Is 20%.

The Combined Noise Level for This Roadway Is

17. A Site Exposed to Noise from Two Roads. For Roadway Number 1 the Distance in 
Feet from the NAL to the Near Edge of the Nearest Lane Is 125 Feet, the Distance to 
the Far Edge of the Farthest Lane Is 233 Feet. There Is A Stop Sign 250 Feet from 
the NAL The Gradient Is 3%. The Average Speed for Both Autos and Trucks Is 30 
MPH.

The 24 Hour Average Number of Autos Is 22,000, the 24 Hour Average Number of 
Medium Trucks Is 2,000. The 24 Hour Average Number of Heavy Trucks Is 950 Total. 
The Fraction of Nighttime Traffic Is 10%.

For Roadway Number 2, the Distance to the Near Edge of the Nearest Lane Is 45 
Feet, the Distance to the Far Edge of the Farthest Lane Is 93 Feet. There Is A Stop 
Sign 100 Feet from the NAL and the Gradient Is 1%. The Average Speed for Both 
Autos and Heavy Trucks Is 30 MPH. The 24 Hour Average Number of Automobiles Is 
14,000, for Medium Trucks 700, and for Heavy Trucks 600 Total. The Fraction of 
Nighttime Traffic Is 20%.

The Combined Noise Level for This Site Is

18. A Site Exposed to Noise from Two Railroads. For Railroad 1, the Distance in Feet 
from the NAL to the Railway Track Is 150 Feet. There Are 35 Diesel Trains Every 24 
Hours, No Electrified Trains. The Fraction of Operations Occurring at Night Is 25%. 
There Are 3 Diesel Locomotives Per Train and 70 Cars Per Train. The Average Speed 
Is 30 MPH and the Track Is Bolted. No Whistles Or Horns Are Used.

j
For Railroad 2, the Distance in Feet from the NAL to the Railway Track Is 310 Feet. 
There Are 20 Diesel and 2 Electrified Trains Each 24 Hours. The Fraction of 
Operations Occurring at Night Is 15%. There Are 2 Locomotives Per Diesel Train and 
45 Cars for Each Diesel Train and 15 Cars Per Electrified Train. The Average Train 
Speed Is 40 MPH and the Track Is Bolted. No Horns Or Whistles Are Used.

I
;

The Combined Noise Level for This Site Is

19. A Site Exposed to Noise from Two Railroads. For Railroad 1, the Distance in Feet 
from the NAL to the Railway Track Is 75 Feet. There Are 34 Diesel Trains Every 24 
Hours, No Electrified Trains. Twenty Percent of the Operations Occur at Night. There 
Are 5 Locomotives Per Train and 75 Cars Per Train. The Average Train Speed Is 35 
MPH and the Track Is Welded. No Horns Or Whistles.

For Railway 2, the Distance in Feet from the NAL to the Railway Track Is 120 Feet. 
There Are 12 Diesel Trains in 24 Hours, No Electrified Trains. Twenty-Five Percent of 
the Operations Occur at Night. There Are 4 Locomotives Per Train and 40 Cars Per 
Train. The Average Train Speed Is 20 MPH and the Track Is Bolted. No Horns Or 
Whistles Are Used. ;
The Combined Noise Level for This Site Is

!
i20. A Site Exposed to Noise from Three Roads. For Road 1, the Distance in Feet from 

the NAL to the Near Edge of the Nearest Lane Is 100 Feet, to the Far Edge of the 
Farthest Lane, 208 Feet. There Is No Stop Sign and the Gradient Is 1%. The Average 
Speed for Autos Is 55 MPH. (There Are No Trucks Allowed On This Road.) The 24 
Hour Average Number of Autos Is 40,000. The Fraction of Nighttime Traffic Is 15%.

For Road 2, the Distance from the NAL to the Near Edge of the Nearest Lane Is 45 
Feet, to the Far Edge of the Farthest Lane 75 Feet. There Is A Stop Sign 175 Feet 
from the NAL and the Road Gradient Is 4%. The average Speed for Both Autos and 
Trucks Is 40 MPH. The 24 Hour Average Number of Autos Is 15,000, for Medium 
Trucks 900 and for Heavy Trucks 320 Total. The Fraction of Nighttime Traffic Is 20%.

For Road 3, the Distance from the NAL to the Near Edge of the Nearest Lane Is 52 
Feet, to the Far Edge of the Farthest Lane 92 Feet. There Is A Stop Sign 400 Feet 
from the NAL and the Gradient Is 1%. The Average Speed for Both Autos and Trucks 
Is 25 MPH. The 24 Hour Average Number of Autos Is 5,000, for Medium Trucks 1,050 
and for Heavy Trucks 175 Total. The Fraction of Nighttime Traffic Is 20%.

The Combined Noise Level for This Site Is---------- ------------------------------------- ----------

! s

:
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21. A Site Exposed to Noise from A Railroad. The Distance from the NAL to the Railroad 
Is 110 Feet. There Are 30 Diesel Trains Every 24 Hours, No Electrified Trains. Twenty 
Percent of the Operations Occur at Night. There Are 3 Locomotives Per Train and 50 
Cars Per Train. The Average Train Speed Is 30 MPH, the Track Is Bolted and There Is 
A Grade Crossing Where Homs and Whistles Are Used 100 Feet from the NAL

The Combined Noise Level at This Site Is____________________ _— ------------------

Problems 22 Through 24: Barriers - Identifying the Values for H, R, R', D and D'

Identify the Values for H, R, R\ D and D' for Each of the Following Barriers:

22. [=□!=□ nn
□ CZIaio:

Barrier

rr
i

I I
•150'30''

and D' =D =R' =R =H =

23.

Highest Point of Hill 1=1 CDA0'
8'

90'

5=3
f

50'70

H = R = R' = D = and D' =

Barrier 
Highest Point of Hill 30

40' 10' 170' 90' 70'
150' 8' 50'

40'

24.

a61' 52'

S=31□ □;
;

I!
I60' 50'[

D = and D'R'R =H =
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Problems 25 Through 27: Barrier Calculations Using Workcharts 6 and 7.

Using Workcharts 6 and 7 Only, Calculate the Noise Attenuation Provided by the 
Barriers Illustrated in Problems 22 Through 24. Additional Data on the Angles 
Subtended by the Ends of the Barriers and the NAL for Each Location is Provided.

25. Calculate the Noise Attenuation Provided by the Barrier Described in Problem 22. The 
Angle Subtended by the Ends of the Barrier and the NAL Is 150 Degrees.

The Noise Attenuation Provided Is Decibels.

26. Calculate the Noise Attenuation Provided by the Barrier Described in Problem 23. The 
Angle Subtended by the Ends of the Barrier and the NAL Is 90 Degrees.

The Noise Attenuation Provided Is Decibels.

27. Calculate the Noise Attenuation Provided by the Barrier Described in Problem 24. The 
Angle Subtended by the Ends of the Barrier and the NAL Is 130 Degrees.

Decibels.The Noise Attenuation Provided Is

Problems 28 Through 30: Barrier Calculations Using Workcharts 5,6 and 7

Calculate the Attenuation Provided By the Barriers in the Following Situations. Use 
Workcharts 5,6 and 7.

28. A Two Story Building Is Exposed to Noise Levels of 68 LDN from Automobiles. The 
Barrier Is 15 Feet High and Is Located 40 Feet from the Source and 20 Feet from 
the Building. The Source, Barrier, and Building Are All On Level Ground. The Angle 
Subtended by the Ends of the Barrier and the Noise Assessment Location Is 110 
Degrees.

i

Decibels.The Noise Attenuation Provided by This Barrier Is !
Is This Sufficient?

29. A Three Story Building Is Exposed to A Noise Level of 72 LDN from Diesel 
Locomotives and 60 LDN from Railroad Cars. The Barrier Is 12 Feet High and Is 
Located 40 Feet from the Source and 85 Feet from the Building. The Barrier and 
the Building Are on the Same Level, But the Track Is Depressed 25 Feet. The Angle 
Subtended by the Ends Of the Barrier and the NAL Is 120 Degrees.

■

Decibels.The Noise Attenuation Provided by This Barrier Is

Is This Sufficient?

30. A Three Story Building Is Exposed to Noise Levels of 67 LDN from Automobiles 
and 71 LDN from Trucks. The Barrier Is 16 Feet High and Is Located 36 Feet from 
the Source and 56 Feet from the Building. The Source, the Barrier and the Building 
Are All At the Same Level. The Angle Subtended by the Barrier Ends and the NAL Is 
130 Degrees.

;
iDecibels.The Noise Attenuation Provided by This Barrier Is

Is This Sufficient? s
I
:
?

I

I
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Noise Assessment Guidelines Workbook 
Answers

Problem
1. 68 LDN (67-61 =6, Add 1dB (From Table) to 67 = 68 LDN)
2. 66 LDN (63-63 = 0, Add 3dB (From Table) to 63 = 66 LDN)
3. 69 LDN (69-51 =0, Add OdB to 69 = 69 LDN)
4. 67 LDN (65-62 = 3, Add l.8dB to 65, Round Off to Nearest Whole Number, 

66.8 = 67 LDN)
5. 73 LDN (72-65 = 5, Add 1.2 = 73.2 = 73 LDN)
6. 72 LDN (63-59 = 4, Add 1.5 = 64.5, 71-64.5 = 6.5 

Interpolate From Table: 6 = 1.0, 7 = .8
6.5 = .9) 71 + .9 = 71.9 = 72 LDN)

7. 76 LDN (67-61 =6, Add 1.0 = 68, 72-68 = 4, Add 1.5 = 73.5,
73.5-73 = .5, Interpolate From Table,
Add 2.75 = 76.25 = 76 LDN)

8. 49 Feet (76 + 22 = 98-2 = 49)
9. 72 Feet (84 + 60=144-2 = 72)

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

;

Value of Factors: Speed = Autos .30 
Trucks .81

Nighttime 
Percentage .81

Note—You Must Have Different Speed Adjustments for Autos and Trucks.

11. Adjustment Factors Needed: Speed and Stop and Go Traffic 
Value of Factors: Speed .67

Stop and Go .70

12. Adjustment Factors Needed: Gradient, Speed and Nighttime Percentage

Value of Factors: Gradient 1.4
Speed = Autos .30 

Trucks .81
Nighttime 
Percentage .81

13. Adjustment Factors Needed: Nighttime Percentage, Speed, Bolted Track

Value of Factors: Nighttime
Percentage 1.57 
Speed = Engines .75 

Cars 1.78 
Bolted Track 4

Note—You Must Have Different Speed Adjustments for Engines and Cars. 
14. Adjustment Factors Needed: Nighttime Percentage and Speed

Value of Factors: Nighttime
Percentage .62 
Speed = Engines 3.0 

Cars .11
! 15. Adjustment Factors Needed: Nighttime Percentage and Bolted Track

Value of Factors: Nighttime
Percentage 1.19 
Bolted Track 4

;

:
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16. Combined Noise Level = 62 LDN (If Your Answer Is Plus or Minus 1dB Its OK - 
Between Rounding Off and the Large Scale on the Nomographs, That’s Close 
Enough)

WorfcshMtC 
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Roadway Note*

!•*« lOOOBotrasa* i tori

1»IS9

Tit*.3

14to_____ 13II
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17. Combined Noise Level = 74 LDN ( + OR-1 dB)

iTraMeiriMi 1000*<Xt»i
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18. Combined Noise Level = 71 LDN

Note In Order to Complete Column 18 for Railway #2 You Must Find the Average 
Number of Cars Per Train. Multiply the Number of Diesel Trains Times the Number 
of Cars Per Train (20x45 = 900). Multiply the Number of Electrified Trains Times 
the Number of Cars Per Train (2x 15 = 30). Add the Two Totals Together and Divide 
By the Total Number of Trains (900 + 30 = 930 - 22 = 42).

WorkaftM<D 
Raffway Notoa

Pag* 2

& 10 i> IS IS 17

2 TriMB

Noel
A4 No DHL 
etOem(•nwrlO) TabMS (In* 2m)

/, S._x _ _ x /.3flx 35 _. _72.. 7O - O __
x^ZS-x -r... x LP-* J.Q -,Z5 SBi o se>._RaSrrayNo.2

AaSa-ayNol -_________X _______ X _______ X _______ X______

ihrMto*|iC««HaUTnn*Tia»
IS it 20 21 2*

TrwwOjn* A<* No Won- 
2* Of 2b) ofOpn* <fmn*

23
CM.

» 26
“ON'£2*dan

TlCMlO (WOW*) T iS CMSO

. £7
.AY _ X J^CLX _Y_X 730x 35 x 274 <^Y. - 47
-..7Y -xA7gx_Y-x A?£x 22. x /fz S7

Ra**ayNo. 1

RaArayNo. 2
R*»*4yNo3 __________X _______ X_______ X _______ X. X

ryNo.2 -------R»a**yNo 1 JZZ. JJ TomONLlof W*«1*

19. Combined Noise Level = 76 LDN
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20. Combined Noise Level = 75 LDN

PaB*2p^«i
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21. Combined Noise Level = 81 LDN

To Solve This Problem You Must Add Some More Lines to the Workchart for 
Engines Because the Workchart as Set up Does Not Go High Enough. There Are A 
Variety of Ways to Do This But One of the Easiest Is to Take A Piece of Blank 
Paper (A 3x5 Card Does Very Well) Place the Edge of the Paper Along Either the 
Top Or Bottom Edge of the Workchart and Mark Where the LDN Lines Fall Along 
the Edge of the Blank Paper. Then Once You Have Drawn Your Distance and 
Operations Lines on the Work Chart, You Take Your Paper with the Line Markings 
and Lay It along the Line for Adjusted Operations with the Mark Farthest to the 
Right Lined up with the 75 LDN Line. Now Just Count over until You Reach the 
Intersection of the Operations and Distance Lines.

Pmgmi
Mmy Ho*—

17tid 10 11 it 13 i« IS 1*

TUB

O'
Trwn UW ONL
(Vie 2a) rtC*™ work

Horn*
(eraer 10) Tables ONI2 Mr

LA_x_L£>_xACL_x_3_L_._0_._S1
X _______X _______ X _______ X_______ -

n——yN0.3 _________ X _______ X_______ X ------------ X----------------

i tor Mirny Car* or MapU TranaH Train*
22 23
NO o'

25 2618 z 20 21
EnS* T'artllr# Ns Work-
Tables 2a or 2b) o<0pnt eftam

Average Dose
Speed RaW0<cara

ONLTable 10 (araara)SO

LO x 4 x U4 *3Q. _*]*&> Q_.._&>%>_Rbfcrey No. 1

Habi ■) No 2 __________X _______ X X _______X _______ X_______

X_______X_______AaWrayNO 3 X _______X X

rear ONL

W—any No 1 ^__  RaWwyNo.2__________ H—a ay No 3 Tocar 06. lorai RaAeayl

Workchart 4
Railroads - Cars and Rapid TransitWorkchart 3

Railroads • Oiasal Locomotives

536060 6565 DNL 75 70ONL 75 70 10,000

50

I

(

4000 6000 10,000200 400 600 1000
Effect** Distance (ft)

40 60 80100200 400 600 1000 2000 4000 6000 10,000
Effective Distance (ft)

40 60 30 100
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22. H = 10 Feet, R = 40 Feet, FT =30 Feet, D = 170 Feet, D' =150 Feet

□ 1=3 1=3 
ana 
ai =3 i=iBarrier

* 2 m
i R' Il30'-

23. H = 8 Feet, R = 90 Feet, R' =70 Feet, D = 40 Feet, D' =50 Feet

0
Highest Point of Hill \\ A0‘ □ CD

8"

90^

P3
I
I DR'
l 50'70'

Note—The Line of Sight Line Starts Above the Road Level Because of the Trucks. 
24. H = 8 Feet, R = 52 Feet, R' =50 Feet, D = 61 Feet, D' =60 Feet

s-nD R
61 — 52'<1 iIa LJ

1I ID' IR'I I I60' 50'
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25. The Noise Attenuation Provided Is 7 Decibels

Workch*rt 7Workchart 6 
Noise Barrier EEM

(®)JO

o 20 </> 18
15

?S *0
uj > 0

58 t * 16
i§ ;
1° * 
^UJ 'i
££ . 
Eg00 aw oe
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£2ace. «r u. 

<j uj z 
03 CL —

Q
12

03
A02*

015I—
iu- 4UJ 10uco

£

1- 5UJ

Ir- O 8sO-

-6
co
5

-7 S5 7
i 68 2

-9 —i

3
-10 G 4<-n
““ 12.^
-13
- 14

- 16
- 17

0- 18 60 80 100 120 140 160 180 200
ANGLE.a. SUBTENDED BY BARRIER AT 

OBSERVER'S LOCATION

20 40- 19

5
L 20

performancs o« ttw twnor ol UTO ttuulrueJion 6U ol I
langtfL

i

;
L-
::
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26. The Noise Attenuation Provided Is 3 Decibels

Note—When the Curves ARe So Close Together Don’t Worry About Extrapolating. 
In This Case You Couldn’t Anyway, the 15 dB and 10 dB Curves Have Merged.

Woricchart7Wortichart 6 
Note* Banter

0M
50 (dB)mm

wjMggAm

52 20 
*? is 
?£ 'o
uj > 8

Ss I 
Is;

18llP--- i n
S - 20 dB

t;
BARRIER

* 16

icl
“S3

15BARRIER

« /
*-uj '5 
££ 1 
E§°8
a £75

14
UJ
£0

2 of 
mi o« 

03^
OCt u. < Ui z 

(Dd- 12Z
ui 02 A £

015£
CD m 104\K% 10

-/A-A<-
ofS /

u
£ \
o 1- 5V\
5 \N\\_\ V\ o 8-6 sa.5 \ -7 £\\\\ V 21 68\>x 2\

N\ -9
—I

50/R (or R/0) I 
USE WHICH EVER 
RATIO IS SMALLER

4 -10
0 4<-li 11.5ADJUSTMENT TO BARRIER\ 

ATTENUATION FOR LOSS 
OF GROUND ATTENUATION

_____db =•-•44' B
CkESS THAN 1.3 tT^>

~ 1.3 lu 2.0--------- —
2.1 to 3.2 
3 3 lo 5.0
5.1 or more “ 4

\V 3-12
O /-13 2\ 0 -14\\ 15

30*- 16\V -17
\V£ 0-18

-I U.S-OI1.5 \ 20 40 60 80 100 120 HO 160 180 200

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

Correction lo b* epp&ed lo bemer potential in order lo find Ihe kmi 
performance o< the banter odhe Mm construction  but orr«-4e 
length.

\\N - 19

VO 5
L 20
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27. The Noise Attenuation Provided Is 6 Decibels (5.5 Rounded Up)

/s/ofe—Again You Have Problems With Extrapolating—Don’t Worry About Being 
Too Precise.

WorVchart 7Worfcchart 6 
Noise Barrier 0M (<»)x 30 
o 20 
? 15

as *
Is SIs*
Huj 15 
££ 1 
So 08cr </> 06 
< 05
“§°4

18
I II

S *• 20 <48
T

BARRIER

16
15BARRIER

14i/>

LU
to

a
Z M5! 03

02
015 10& u? 10u

<
CD

/£
5UJ i< o

V8|-6£ 7

/I5 -7 s 02 6 
3 £.5 r7a

5
-9 s 6 /-10 0 ^ 77<

H.5
-12

-13
-14

7*- 16
- 17

20 40 60 80 100 120 140 160 180 200
ANGLE,a, SUBTENDED BY BARRIER AT 

OBSERVER'S LOCATION 
Con^aioo tobo ipp«ad to bamw potato* « ortw tofind sw »cJu*
parfonxianc* o< <H« lamer oT tfa sam* oon$su»on txt erf

- 18
- 19

-20

I
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28. The Noise Attenuation Provided by This Barrier Is 4 dB. This Is Sufficient

Note— Don’t Forget That the Height of the observor Is 5' Less Than the Total 
Height of the Building and the Height of the Building Is 10 Feet Times the Number 
of Stories. And Did You Remember to Make the Adjustment for Ground Attenuation 
Loss.

Woricchart 5 
Noiaa Banter 
ToHUOadh

Floi«tKliMrg«Mwt
(aaquarAaaaraintaat]: O-.

)-{’ &[M 15 ]-[*£>10(11.1

[<•15 )-[* O 1 = 1*15 ]
Is ]
I4 VO 1

[* /5 ] + (» 44> 1 = l5.25 1
l*. 25 ]x[‘.2S ] = l\ 4*251
[ M ]x[‘ abz$ ] = [r. £>z$ 1
[ u )-\\oz& ) = [*.975 ]
Is. ]x|‘^ ]-[•/£> 1 
P /5 1-P tO 1-[» 5 ]
lw £ ] x [*.975 1 - I =-
Is.Z5 ]x[>» $ 1 = ["/•££]
l4 1 * [• .975 ] = V*/ ]
I” 9/ 1 + [* /.Z51 = [" VZ- \
I'1*0 1 - l4 4^2 ] = [« £0 ]
P‘24? 1 + [*.975 1 = ]
["24*5 ]-lu /-Z5 1 = 1" /9

i aourca and obaaraar (W ♦ C7)

4. Map (Manoa i onbamar and

S.Una2c»ndadbylna3

6. Squara tf* quantty on Ina 5 (la. mUM» • by M);

7. 40% erf Ira 6

9 Lna5tmailaia«t»«banagalMa«tna2tanagaava)

10. Una 1 mu ina 9
11. Una 10 ama* ina 8
12. UnaStimaaina 10

13 Una 4 <*wdad by Ina 6
14Unal3ptuahnal2 = R

IS Una3minusina4

18. Una 15 AndadbylnaB

17. Law 16 mama ina 12 1 = ■>
|Mola: t<a vakia on ma 2 may ba nag«M. n

«o «• r* Mtuaa on Inaa and 12.
■nat 10.14,andl7,tialaddnga< 
bar a tia tanta aa aucaracang 
* *l-y)“«-y *nda4»ac»ngar 
•a***"# X4-y)-«.yl

Round od Rand D lo i intagar.hioona

Ina 1 may ado ba

Woricchart 6 
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Woricchart 7
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29. The Noise Attenuation Provided by This Barrier Is Approximately 5 dB for Both the 
Engines and the Railroad Cars.

This Is Not Sufficient.

Note—You Were Supposed to Calculate Attenuation for Diesel Engines and Cars 
Separately Because the Source Heights Are Different. The Value of S for the 
Engines Should Have Been - 10 and the Value of S for the Railroad Cars Should 
Have Been - 25.

Workchart 5 
Noise Barrier
To find R. D and h from Sfta ESavadona

Ertarthaveluastor.

u. 12- w- —

g- — IO— o-—83>— 
oF* oullhB lotomng a-wkshaal 

(al quanobw *ro m (Ml):

[H 12. ] - [» —JO 1 - [' J
[0 1 = 1*35 ]

13 123 J
14 40 ]

[* 35 ]-(a IZ3 ) = r.Z& ]
Is. ze> i x i = [• -oe i
[ M J X [• .ofe ) = [7.02, )
[ .a 1 - p .Oj> J = l* .*7 ]
[* .25 ] x [* 40 ] - [• U.Z. 1
[' Z2

iag7 ] X [• .97 ] = [" \o.9> ) = «
Is .25 ] X [’<» IO.& ] = l« 5 1
l4 AO
r *
Is 125 ] - I- 40

1 + I* -91 J= (’• ]
3B> ) - [’* 3 1 - r 1

1. Elavabonofbamat lop mama elevation of «ou»

3. Map dalinca between some# andobaamof (R* + O')

4. Map (Wane* between bvm and «ourca(FT)

5. Una 2 dnndad by Una 3
6 Square die quantity on aneS{i.e_mufcp»y it by itse*); 

afw ays positive
7 40% of hna 6
S. Ono minus line 7
9. Una SUnesane 4 (w* be negative 4 ana 2* negative)

] - [• u.z. ] = I’° 10-8 ]>0. Una t minus Una 9
11. Lma lOwnasknaB

12. LineSbmesane 10

1 + [• .47 1 - I" 4-1 ] 
I + P* 3 1 = [,444 ]

] = ['» 1

13. Una 4 divided by ana 8
14 Una 13 plus ana 12

IS Una 3 mmus ana4

1S . Una 1S dmdad by ana 8
= 017 Una 16 mmus ana 12

|Not*: tha »aiua on ana 2 m»y ba nageeva. m
CAM K«IN muss on mas S.». and 12.

Roundoff Band Dio newest vaegw.liie one
doom* puce

bias 10.14. and 17.*<al aOSng a nagaava nunv 
bar a 1>a m™ aa bAnceng

anal

Work chart 7
Workchart 6 
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o
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ADJUSTMENT TO BARRIER' 
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LESS THAN 1.3 
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WortcchartS 
NoIm Barrier
To And R. D and h ton
and

Ri cm tie Moving eertaheel 
(•* guaranies art in leeq: ■zf>o-__

1. Elevation o( berriaa lop mau etavMon at Nun (M JZ ] - Is-2S ] - [' 5*7
1° ZS ]-Is-25 ] = {* ZO )

Is 12S ]
I4 40 1

]*l3/2S ) = [$ .4 1
]x[>.4- ] = J
1 * t6 - It* 1 = [7 .Ob )
1 - [7 .ok? ] = [• ,94 j

Is ,4 1 x [« 4o i = [» ]
t’ 37 l-l'/fr ] = p° 21 )
t’° Z\ 1 x (8 ,<94 ] = [" IP.7 1 -*
I5 -4 1 x P° <21 ) = [* #4 ]
f4 40 1 + t8 .<94 1 = P*4z.6» ]
I,34£.c* I + I"^ ] = p4£/ 
l3 /•Z'S* ] - p 40 ] = [« ££ ]
[,s^£ ]M8.<?4 ]= ["90A ) 
p690.4 J-P2^.4 i-r^z. 1

4 Map Ostance bet-een baanet and source (tt)
S line 2 divided by me 3 [* 50

Is .4-6. Square Die quanteyon Ina S (l»,mUbpty »by «se*);

7.40N ct me 6 ( 0.4

8. One nanus in* 7 ( to

9. Late S lanes me 4 (wi be negative a me 2 is negative)

10. Une1 nanus tne 9
11. Line 10 Banes line 8
12. UneSbmesInelO

13. Law 4 divided by tne 8
14. Line 13 ptas kne 12

] = »
IS. Line 3 manus me 4
16. Line 15 (Med by me 8
17. Line ifiminus me 12

= 0
[1Mb: tie vase on Ine 2 may be negative. *1
srf.cn caw to-erievaijss on knesS.s.w 12. tales 10.14.ano17. eiaiadOnganegae^ron-

be' o eve same as sueeactng Round off Rand On nearest nteoca.hio one
decanal place*♦(•»)■»•» Andmcaiacuiginegativenaeoeae 

Kiaddaig X^««.y |

Worlcchart 6 
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ATTENUATION FOR LOSS 
OF GROUND ATTENUATION
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30. The Noise Attenuation Provided by This Barrier Is 3 dB for Trucks and 5 dB for 
Autos. The Combined Level Resulting Is 69 LDN.

This Is Not Sufficient

Note—You Must Calculate the Barrier Effect Separately for Autos and Trucks 
Because the Source Height is Different. Then Recombine levels.

Workchart5 
Noise Barrier
To find R, D and h from Sit* Elevation* 
and Distance*

Enter the vaiuos tor

U» - «—3k__
s-__ O____o1-——

Fill ou< the following worksheet 
(*a quantities are in loot): 0-..25

[H Up ] ~ Is O ]« l* Ik 1
1° 25 ] - Is O ] - [* ZS J

I3 92. 1 
V 3b J

[* 25 J*I3 92. 1 = Is -27 1 
[5 ,27 1*1* .27 J = f# .07 ]

1 x [• .07 1 = [T .03 )
] - l7 .03 J = I* -97 ]

l5 .27 I x l4 3b 1 ■ I* 9.7 1
l* Ik 1 - [• 9.7 1 = I" b.3 )
[“&>.? ]x[« .97 ] = [" 6./
[5 .27 1 x {'o £./ 1 = [« /.7 ]
[< ] * [• .97 1 = [“ 37 j
l’*37 ) + [”/. 7 1 = P4 39 1 =«
[3 92. 1 - [4 3k ] = l« 5k 1
(« Sla 1 + (• .97 1= ['*£6 )
[« 58> ]-['*/. 7 1 = r 56

1. Elevation of barrier top minus elevation o( source

2. Elevation o( observer minus elevation ot source

3 Map distance botwcen source and observer (ft' + 01

a. Map distance botwoen barrier and source (R1

5. Line 2 divided by Ime 3
6. Square inequality on line 5 (i.e. multiply* by rtsett); 

always positive
7. 40% ol tine 6 [ 0.4

(8. Ooo minus line 7 14)

9. LmeStimeslino4(wiitbeoegaliveilHne2isneg»tive)

10. Lino 1 minus line 9
I --11. Lino 10 times Ime 8

12. Line 5 times One 10

13. Line 4 divided by tmo 6
14. Late 13 plus tme 12

15. Line 3 minus bne 4
16. Line IS divided by line 8

] = °17. Dne 16mmusUno12

tnes 10.14. and 17. not addng a negative nunv RoundoflftandOlonMrMJr**9.r.hlson.[Now: the value on ime 2 may b* negesve. m
wWch case io wS the varies on fcnes 5.9, and 12. ter is mo ramo « sutwacrma 
k. 1 maymljob. regain* RemerrOer. Own.« a ♦ [■yl-n-y.AndsiXje.cwflenegeln'etMT'lw'ii

l**«drtngX-(-y)*>+y|

Woritchart7Workchart6 
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X-- 8 5\& i 5 
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-10
o <
1 j

ADJUSTMENT TO BARRIERS 
ATTENUATION FOR LOSS 
OF GROUND ATTENUATION

-g-= 1.42
LESS THAN 1.3 

<TT5 to 2 0~
2.1 JO 3,2
3 3 to 5.0
5.1 or more 

10-75-1 - 9-76

-12
O -13 2vS i-14\B

- 160 - 17ID o- 18 100 120 140 160 180 200
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20 40 60 80-2 - |9
-3
-4

L. 20

99



WortcchartS 
Nolae Barrier
To And R. 0 and h taa 1 iZo___  R ------5V _.

£ _ ow__Sfc__
H-.

S-

o-—laaumnmartnMJ:

lH Up 1-Is 6 
1° 2S ]-[s S

i = r 8 
] = i* n 

ts qz.
[4 3to 

1 + P $2. J = [* .2- 
1 x Is .2. ] = l* .04
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While there are clearly limitations on 
how far into the future we can 
reasonably project traffic levels for 
roads, railroads and airports, we can 
at least look 5 to 10 years ahead.
The HUD noise regulation (24 CFR 
51B) requires that “to the extent 
possible, noise exposure shall be 
projected to be representative of 
conditions that are expected to exist 
at a time at least 10 years beyond 
the date of the project or action 
under review.” It is very easy to 
make these projections if you use 
the Noise Assessment Guidelines or 
a computer model to determine 
noise levels.

The second reason why we prefer 
that you calculate noise levels is 
that through the calculation process 
you can use monthly or yearly data 
to determine traffic levels. Thus you 
come up with a more typical picture 
of conditions. With noise 
measurements there is always the 
possibility that the day or even days 
chosen for measurements will not be 
typical and that the measurements 
may over or understate the problem. 
While the conscientious measurer 
will try to account for any unusual 
conditions, it isn’t always possible.
So long as cost considerations limit 
the number of days that 
measurements can be taken there 
will always be the problem of 
unrepresentative data. With 
calculations this isn’t a problem. The 
computer model that generates 
contours for airports, for example, 
uses an entire years data to develop 
the average day. Certainly the results 
are more likely to be representative 
than the results that would be 
derived from just a few days 
measurements.

Chapter 7

The Use of Noise 
Measurements

Obtaining good traffic data can be 
difficult. You may only be able to get 
gross data that simply lists total 
vehicles without making any 
distinctions between trucks and 
automobiles. Or you may not be able 
to get any reliable data on the 
percentage of traffic between 10 pm 
and 7 am. While the Noise 
Assessment Guidelines do contain 
some assumptions that you can use 
when you don’t have all the data you 
need, there may be instances when 
you just don’t think those 
assumptions would accurately 
portray the problem.

By the same token, there are 
certain physical situations that 
mathematical models such as the 
Noise Assessment Guidelines 
couldn’t anticipate and therefore do 
not reflect in their formulas. For 
example, the Guidelines say that you 
don’t have to calculate the noise 
levels for underground transit lines. 
Well what if the line is underground 
but there are large air vents that reach 
from the belowground tunnels to the 
surface? A great deal of noise can 
reach the surface through these vents 
but the Noise Assessment Guidelines 
don’t have any way to take it into 
account. You couldn’t treat it as if the 
subway line were aboveground 
because it isn’t really and at least 
some of the noise is blocked. This 
would be a case where a noise 
measurement would probably be the 
best way to determine the noise 
levels. By the same token, the 
guidelines do not really take into 
account the sometimes significant 
amounts of reflected noise that can 
occur at urban sites surrounded by 
tall buildings, i.e. the canyon effect.

i
Noise Calculations Are Best For 
HUD Use

There are two ways to determine 
noise levels for a site under review: 
the noise can be calculated or it can 
be measured. While one’s first 
reaction might well be that it would 
obviously be better to go out and 
actually measure the noise levels at 
the site, calculated noise levels are 
really much better for implementing 
HUD’s noise policy.

Calculated noise levels are 
developed using mathematical 
models that contain a variety of 
assumptions about the process of 
noise propagation as well as data on 
sound levels generated by typical 
sources (i.e. aircraft engines, 
automobile tires etc.). The model can 
be a complex computer model or it 
can be a simple desktop model such 
as the procedures in the Noise 
Assessment Guidelines. The models 
can also employ a variety of noise 
descriptors. (See chapter 1 for a 
discussion of noise descriptors.) 
Most noise studies done for the 
Federal Highway Administration, for 
example, use either the L10 or the 
l_eq noise descriptor. Many aircraft 
noise studies use the NEF or CNEL 
descriptor. All of these descriptors 
are compatible with the L<jn noise 
descriptor system that is preferred 
by HUD and the HUD noise 
regulation contains instructions for 
converting all of them into L<jn. 
(sections 51.106(a)(1) and (2))

Whether produced by a 
sophisticated computer model or by 
the desktop Noise Assessment 
Guidelines, calculated noise levels 
are more useful for HUD needs than 
measured levels for two significant 
reasons: The first is that with noise 
measurements 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 be around 
for a long time and it is very 
important that we determine, to the 
extent we can, the noise 
environment that will exist 
throughout the life of the buildings.

When Not to Use Measurements
When Noise Measurements Are 
Useful One thing noise measurements 

should not be used for is to confirm or 
refute calculated noise levels, 
especially computer generated 
aircraft contours. Our experience with 
both the Noise Assessment 
Guidelines and with computer noise 
models is that both are quite accurate 
if done properly. If you are convinced 
that the calculations were done 
correctly, and if you believe that the 
data used were good, you should 
strongly discourage anyone who 
wants to take measurements because 
they think that measurements are 
inherently more accurate than 
calculations. Comparing measured 
noise levels to calculated levels is like 
comparing apples and oranges. The

While it is the preferred procedure to 
calculate noise levels, there are a 
few situations where the noise 
models might not be accurate and it 
might be better to rely on 
measurements. One instance would 
be when there is insufficient or 
inadequate traffic data. Another case 
might be where you have a unique 
physical situation that is not 
accounted for in whatever 
mathematical model is available.
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consultant who doesn’t do much 
noise work is unlikely to have one.

Measurement procedures: Detailed 
procedures for making sound level* 
measurements are spelled out in the 
American National Standards 
Institute’s Standard Methods ANSI 
S1.2-1962(R1976) American National 
Standard Method for the Physical 
Measurement of Sound and ANSI 
S1.13-1971(R1976) American National 
Standard Methods for the 
Measurement of Sound Pressure 
Levels.

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

Whoever is taking the 
measurements should also check to 
make sure that there aren’t any 
special circumstances that might 
affect traffic levels. For example road 
construction or repair work might 
divert additonal traffic onto the road 
being measured, or divert traffic away.
In both cases the noise levels 
measured would not be 
representative.

And finally, noise measurements 
should not be taken during extreme 
weather conditions both because of 
the possible effects on traffic levels 
but also because the weather 
conditions can exaggerate the actual 
noise levels.

Ideally, noise measurements 
should be taken over several days 
spread over at least a few months. But 
given that time and money will 
normally preclude this, at least make 
sure the one or two days you can get 
are as close to typical as possible.

What equipment to use: There are 
many sound level meters on the 
market which are suitable for taking 
noise measurements for 
transportation sources. They need 
only to meet the requirements of 
American National Standard 
Specification for Type 1 Sound Level 
Meters: S1.4-1971. Type 1 sound level 
meters are “precision” meters and 
provide the most accurate 
measurements. They are also, of 
course, the most expensive. Fast 
time-averaging and A frequency 
weighting are to be used. The sound 
level meter with the A-weighting is 

measurement location for buildings is progressively less sensitive to sound
with frequencies below 1,000 hertz, 
somewhat as is the ear. With fast time 
averaging the sound level meter 
responds particularly to recent 
sounds almost as quickly as does the 
ear in judging the loudness of a 
sound. Fast time averaging has a time 
constant of about 1/8 second.

While a sound level measuring 
system that averages decibel 
readouts on a short term basis such 
as for every minute or every hour is 
acceptable, it would be far better if a 
system that actually provides a 24 
hour integrated L^n readout were 
used. Such a system eliminates the 
need for calculating the L<jn value, an 
area where many inexperienced 
consultants go astray. These systems 
are more expensive however, and the

calculated noise levels should include 
projected traffic levels, the measured 
ones will not. The calculated levels 
will be based on daily traffic counts 
derived by averaging months of data, 
the measured levels will, at best, 
reflect just a few days. (This is 
particularly true for aircraft noise 
contours. The day-to-day operations 
of an airport can vary significantly 
depending upon weather conditions 
and any one or two days worth of 
measurements are very likely to show 
different levels from those generated 
by a computer model employing a 
year of data to derive an average day.)

If you have determined that noise 
measurements are appropriate, you 
must make sure that they are done 
properly, otherwise the data will be 
useless. There are four elements to 
proper measurements: 1) where the 
measurements are taken; 2) when 
they are taken; 3) the type of 
equipment used; and 4) the actual 
measurement procedure.

Where measurements should be 
taken: The locations for noise 
measurements should be selected

;

:
:

Some of the basic procedures that 
should be followed are:

1. Measurements should normally be 
made over a continuous 24 hour 
period. If this is not possible, 
measurements may be made over a 
period of days but still must cover the 
entire 24 hour period. The selection of 
the days becomes even more critical 
so that they are as similar as possible. 
Sampling is not acceptable.
2. The sound level meter must be 
.calibrated before each use.
3. The sound level meter should be 
provided with a wind screen.
4. Care should be taken to insure that 
there are no temporary obstructions, 
such as parked trucks, between the 
meter and the source.

using the same criteria you would use 
to select a Noise Assessment 
Location for a Noise Assessment 
Guidelines calculation. The Noise 
Assessment Guidelines recommend 
that “assessments of the noise 
exposure should be made at 
representative locations around the 
site where significant noise is 
expected.” Further, the Guidelines 
state that when selecting these 
locations you should consider those 
buildings containing noise sensitive 
uses which are closest to the 
predominant noise sources. Where 
quiet outdoor space is desired at a 
site, you should also select points in 
the outdoor area in question. 
Specifically, the “relevant

The Noise Study

The noise study prepared to describe 
the measurement results should 
contain at least the following:

1. A map showing where the 
measurements were taken
2. A vicinity map showing the site and 
the major noise sources
3. A chart indicating the date, the 
time, and weather conditions when 
measurements were taken at each 
measurement location
4. The type of microphone used
5. Any variations from ANSI 
procedures
6. The results of the measurements 
in Ldn for each measurement location
7. Any unusual conditions that 
existed during the measurement 
period—i.e. construction activity, 
major traffic tieup, etc.
8. If an integrating sound level meter 
was not used, the calculations used 
to derive the L^n value.

a point 2 meters (6.5 feet) from the 
facade.” If there are no buildings yet 
the measurement point should be 2 
meters from the closest point setback 
requirements would allow a building 
facade.

When measurements should be

■

taken: Because measurements are 
only going to be taken for a few days 
at best, special care should be taken 
to make sure that the days selected 
are representative of average traffic 
levels. For highways, avoid both 
Monday and Friday, particularly 
before or after a holiday. In fact 
holiday periods, such as the 
Christmas/New Years season, should 
be avoided entirely. Highway traffic, 
or rather more importantly, truck 
traffic is likely to be down during
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