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1.0 INTRODUCTION

More pecple in this country are exposed to noise from highways than from any
other single source of noise, It is not surprising, therefore, that adverse impact from
highway noise is of major concern to land-use planners, regulatory agencies, and
impacted or potentlally impacted persons. In order to gouge the adverse impact of
nolse and limit its encroochment, federal policies now require that an environmentol
impact statement (EIS) be prepared for proposed highway construction and for significant
changes in intended use of existing highway systems. The noise section required in an
environmental impact statement must quantify the existing nolse climate, define the
additional noise exposure associated with the proposed alternatives, estimate the impact
resulting from the additional noise exposure, ond demonstrate that all reasonable measures

have been taken to minimize this impoct. For reasons of conciseness and format, an

EIS often contains only major conclusions and data summaries with regard to noise. In

such cases, complete supporting data and documentation are contained in ¢ separate

noise study report, This information is required for a comprehensive evaluation of the

noise section of an EIS. Therefore, within the context of this review manual, the

taminology “environmental Impact statement” will be taken to Include the noise study

report,
It should alse be noted that an EIS is rarely devoted to noise alone. The nolse

section often utilizes data presented in other sections, Within the context of this review

manual, "noise section of an EIS" will be taken to include data presented elsewhere in

the EIS, but utilized in the section specifically dealing with noise.

The evaluation of an environmental noise impact assessment for proposed or
exi:ring highways can be complicated and should be performed by means of a uniform
methodology to ensure that all necessary concerns are consistently addressed. This
manual provides the user with the methodological approach necessary for the review
of environmental impact statements for highway noise and for evaluating the effective~

ness of further actions that may be necessary in the highway design.




The underlying philasophy evident throughout this manual is one of satisfying
local needs for noise abatement rather than merely ensuring compliance with fixed noise
standards. This reflects the federal policy on highway noise and ensures that noise abate—
ment measures are consistent with local social, economic and envirenmental considera~-
tions. Moreover, it is stressed thot federal policies .reloﬁng to housing development and

averall community noise control must be considered together with that relating solely to

highway nolse.

The manual itself has been designed so that it can be used by people not
necessarily trained in the field of acoustics. It does assume that the reader is famillar
with some of the terminology, but does not require computational capability other than

the use of charts, tobles and nomograms,

The manual is divided into three main parts. Section 2 contains the step-by-step
approach to be followed in the review of an EIS; Section 3 describes methods for
assessing the impact of highway nofse; and Section 4 introduces avallable methods of
noise abatement that should be considered in highway design. Also included is o method
for independently chacking the noise level computations using a series of simple

nomograms.
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2.0 THE REVIEW OF ENVIRONMENTAL IMPACT STATEMENTS

This section of the manual describes the procedure for reviewing an EIS prepared
specificafly for o highway project. The project may involve noise control for an existing
highway or it may consist of the construction or reconshiuction of a section of highway.
The purpose of the review procedure is to detemine the adequacy of both the noise impact
predictions and the proposed measures for noise abatement. The major steps in the pro-

cedure are as follows;
® Review and evaluate the data used,

e  Check the predicted noise levels by means of an independent

calevlation,
e Assess the predicted noise impact.
o  Evaluate the proposed noise abatement measures.

e Identify additional abatement measures that might be required or might

be desirable.
o  Make recommendations for action required.

The details invelved in each step of the procedure are described in the following

sections.

2,1 Review of Input Data

To a large extent, the accuracy of the nolse predictions will depend on the validity
of the data used in the calculations. It is necessary as a first step to review the
data used in the preparation of the E1S. The appreach towards the review should be
critical and should attempt to answer the following types of questions:

® s the source of the data identified, and is that source reputable?

e  Which portion (if any) of the data is based upon forecasts, and what are the

assumptions used in such foracasts ?

e  Was data requested from all local transportation, planning and housing

agencies — in other words, have all local future plans been considered ?
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The input data required for an assessment of an EIS are os follows:

Definition of the Highway

The highway data used in the calculation of highway noise levels are as follows;

»  The width of the roadway

¢  The number of lanes in each direction

¢  The width of the median strip

¢ Road grade

¢ Elevation of the roadway

e [Location of entrance and exit ramps

o Posted speed limits for automobiles and trucks

Definition of Local Topography

This information can ba provided in a variety of forms ranging from aerial
photagraphs and topographical maps of the area to cross~sections of the local terrgin.
The essential data to be provided under this heading includes changes of ground elevation
over the study area, and [ocation and height of natural or man-made perturbations of
the teraln which may serve as barriers to acoustic propagation, Where there are

barriers, the required information is as follows:

The height of the barrier top above the roadway
The length of the barrier
The distance from the highway to the barier

The distance from the barrier to the receiver

The elevation of the receiver relative to the highway

Traffic Flow

Troffic data are o necessary input to calculate neise levels associated with the
operation of the highway. Current traffic volume and vehicle mix data are required to
estimate the noise impoct of existing highways or to verify noise level measurements,
Future traffic data are similarly required to calculate noise levels associated with

future operation of the highway. The specific data required are as follows:
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Present Doy:
a. Volume (total vehicles/hour)
b. Mix (percent trucks)

¢. Speed

Design Year:
a. Volume
b, Mix

c, Speed

Present-day traffic dota will consist of measured traffic flow, These data are

maintained by state and local highway authorities, Estimates of future traffic for the

design year, a time generally considered to be 10 to 20 years after construction, will

consist of estimates provided by the stote and federal highway authorities, Sources and ,

assumptions for these data will be required.

Land~Use Data

Present~Day Land=Use Data: In order to evaluate the importance of the

noite levels predicted in the evaluation of an EIS, information on lond use
within the study area is necessary. This information may be acquired through
aerial photographs, examination of the local zoning codes applicable to the
study area, from U.5, Census Bureau data, or from a visual examination of
the study area, Since these data are to represent present-day conditions,
Zoning infermation must be used with discretion — undeveloped land will
have no present-day noise impuct associated with it, except, of course, for
the case of parks or public access land used for recreational purpeses. [t

is convenient to present land~use data for parcels of land coinciding with

the local zoning system. The specific data required for each land pareel

are os follows:

~ Area

-~ Frontage length along highway
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Depth from highway

Zoning

Building type

Population density (where applicable)
Distance to necrest dwelling

Height of dwellings

Examples of land-use input data are shown below:

a)

b)

c)

Land Parcel A, consisting of 4,86 square miles, fronting the proposed
new highway route is used (and zoned) for multi-family apartments,
with an average population density of 287 persons per square mile,
This parcal has 1500 feet frontage on the proposed new highway route
and the dwelling structures are evenly distributed along this frontage,
average 225 feet from the highway route, with the nearest dwelling

57 feet from the highway.

Land Parcel B, consisting of 2.5 square miles, is used for industrial
manufacturing and is zoned for heavy industry. This parcel is adjacent
to the proposed route, spanning 1.4 miles of frontage with an average
depth of 1,8 miles. No rasidential dwellings are located on this troct,

which is used by seven manufacturing concerns.

Lend Parcel C, consisting of 7.6 square miles, is used (and zoned) for
single-family residential purposes. This tract has an average depth of
350 feet from the proposed highway route, with the nearest house 45 feet
from the highway, and extends along 4.7 miles of frentage. Tract C has
an average population density of 98 persons per square mile, according

to the [atest census survey. Houses are one- or twowstories high.
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Projected Future Land=-Use Data: The projected liznd=use patterns throughout

the study area are based upon present=day demands for various categorles of

land, as well as projected growth in and ncar the study area. These projec=
tions are provided by land~use planners, and this data will routinely be
provided in an EIS. This data allows the noise standards of Section 3.0 to
be applied to specific tracts within the study area for evaluation of the future

noise Impact, as indicated by the future noise lavel predictions.

2.2 Check the Noise Levels Presented in the EIS

The next step in the procedure is to assess the validity of the noise levels given

in the EIS. In the case of an existing highway, these levels may represent measurements

or estimates of highway noise. For a proposed highway, these levels will have to be

predicted, but mecjurements of the existing noise levels may be provided,

Measurad Noise Levels

Measured noise data are subject to a number of errors which may be introduced at

any stage between the acquisition and presentation. The following factors should be

considered in the assessment of such data.

The data must have been taken during a period which may be validly
adjusted to design hour conditions, Adjustments for volume may be applied,

provided speed and traffic mix are similar to thosa for the design hour.

Traffic (total volume and number of trucks) must be countad during the

measurement period.
Full detalls of the measurements should be provided, Including the following:

-~ Date ond time
~ Traffic flow and mix

~ Duration of measuraments




~  Measurement locations

- Site descriptions

- Presence of nearby reflecting obstacles
~  Weather conditions

-~ Equipment usec!

~  Sompling rate

~  Presence of othor noise sources

~  Colibration sequrence

If the conditions appear suspect, then the persens involved in the measurement
should be contacted, or the site should be examined. The data supplied should

be reviewed eritically to provide answers to the following questions:
= What was the rationale for selecting the measurement locations ?

~  Are there sufficient measurements to adequately define the neise environment?

= Were the noise levels influenced by nearby buildings, unusual sources

of noise, changes in the weather, etc,?

e  The traffic conditions should be carefully checked to ensure that they were
unaffected by temporary local events, such as sports meetings, accidents,
route closure, or construction. Existing traffic data can usually be obtained

from the local or State Department of Highways or its equivalent.

In all cases, measured highway noise levels should be checked by comparison to
levels predicted, wing the Nomogram Method described in detail in Appendix A. There
is no general method f-orpredicﬂng the background noise levels existingpriorto highway con=
struction and so the assessment must be made solely on the adequacy of the description of

the measurement procedure,
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The predicted noise levels presented in the EIS should always be checked for

accuracy, The procedure is as follows:

1,

'4‘-

Perform a detailed analysis of the noise levels using the Nomogram Procedure
of Appendix A. If the site is very complex then it may be necessary to use
one of the computer prediction models described in Appendix C. In the
EIS, noise levels should be provided for every saction of the highway

which may be considered "different” in terms of the factors described in
Section 2, 1. [Fit is not possible to estimate noise lavels ot points not
analyzed by reasonable interpolation from levels provided, then not

enough points hove been ahalyzed, In some cases, the noise lavals ot

additional locations may be required for o full assessment.

If the predicted levels differ from those presented in the EIS, proceed to
Step 3. Otherwise, proceed to Section 3.0,

ldantify and attempt to resolve any discrepancies between the predicted
levels and those presented in tha EIS, This may require contact with the
person responsible for the preparation of the EIS and use of the data in
Appendix C which show differences to be expected from using alternative

prediction models and alternative assumptions.

Proceed to Section 3.0,




3.0  ASSESSMENT OF NOISE IMPACT
Noise impoct can be expected under either of the following two conditions;
e IF the noise levels approach or exceed the noise standards given in Table 1,

o If the noise levels are substontially higher than the existing levels, even

if they are below the standards given in Table 1.

It is imporfant to recognize that noise impact can occur for this second condition.

Therefore, all EIS reviews should include an assessment of whether abatement measures

need to be considered, even if the standards of Table 1 are satisfied.

The evaluation of noise levels in areas adjacent to highways should be under-
taken with o full knowledge of the guidelines laid down by various federal agencies,
The FHWA has develcped highway neise standards to minimize adverse noise impacts
in the location and design of highways. HUD has adopted a policy that incorporates
interim noise standards to prevent the location of HUD-assisted development in noise~
exposed areas, HUD pays particular attention to fostering land=-utilization patterns for
housing and other municipal needs that will separate uncontrollable noise sources from
residential and other noise-sensitive areas, Finally, the EPA hos identified noise levels
requisite to protect public health and welfare with on adequate margin of sufety, The
levels specified by these three agencies differ significantly due to emphasis on different
aspects of noise impact, The quantitative and qualitative aspects of each of these

programs are discussed in this section,

3.1 FHWA Noise Standards

Background

The Federal Aid Highway Act of 1970 contained a requirement that noise regu=
lations be developed for the planning and design of federal-aid highways, The Act
required that the regulations assign noise standords compatible with different land uses$
It further provided that the plans and specifications for o highway project could not be

approved unless they included meosures adequate to comply with the standards. Interim

10
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Table 1
Design Naoise Level/Activity Relationships*

Design Noise Levels— dBA]

Activity )
Category Leq(h) L]O (h Description of Activity Category
2 X . \ .
A 57 60 Tracts of land which serenity and quiet are of extraordinary
(Exterior) {Exterior) significance and serve an important public need ond where the
preservation of those qualities is essential if the area is to con-
tinue to serve its intended purpose. Such areas could include
amphitheaters, particular parks or portions of parks, cpen spaces,
or historic districts which are dedicated ur recognized by appro-
priate Jocal officials for activities requiring special qualities of
serenity and quiet,
2 Pienic areas, recreation areas, playgrounds, active sports arecs,
B 67_ 70_ and parks which are not included in Category A and residences,
(Exterior) (Exterior) motels, hotels, public meeting rooms, schools, churches, iibrarles,
and hospitals,
c 72 75 Developed lands, properties or activities not included in
(Exteriar) (Exterior) Categories A ond B abave.
D -- “= For requirements onundeveloped lands, see Paragraph 11,0, and c.*
E 52 55 Residences, motels, hotels, public meeting rooms, scheols,
(Interior) (Interior} churches, libraries, hospitals, ond auditoriums.
]

10
Parks in Categories A and B include all such lands (public or private) which are actually used as parks as well as

Either Leq or L

design noise levels may be used,

those public lands officially set aside or designated by a governmental agency as porks on the dute of public

knowledge of the proposed highway praject,

Federal-Aid Highway Program Manual, Val, 7, Chapter 7, Section 3.
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standards were adopted in April 1972, and an environmental statement on the standards
was circulated and reviewed, After consideration of the review comments, the final
standards were promulgated initially as Policy and Procedure Memorandum (PPM) 90-2

in February 1973, and revised as Federal Highway Program Manual (FHPM), Velume 7,
Chapter 7, Section 3, "Procedures for Abatement of Highway Troffic Noise and Con-
struction Noise! (FHPM 7-7-3), 1976. In addition, FHWA has prepared o manual

(The Audible Landscape: Manual for Highway Noise and Land Use) for local officials

to use to assist in compatible development in the vicinity of noisy highways. The manual
describes the administrative measures which local governments can use to control future
development, It also describes the physical measures which builders, architects, and

developers can use to comply with the local adminisirative controls,

Stendards

The regulations require that o noise analysis be conducted for each highway
project. Noise~sensitive land uses and activities in the vicinity of highway projects
must be identified, end anticipated noise levels computed in Ligor Leq for the noise~
sensitive areas on the basis of the worst noise situation expected fo occur from the
highway in question, The standards contain design noise levels of L"J or Leq values
considered by FHWA to be the upper limits of acceptable noise levels for exterior land
uses and outdoor activities and for certain interior uses. These design levels are given

in Table 1,

Noise level predictions are to be compared with the appropriate design noise
levels to determine the need for noise abatement measures for existing developed land.
Such meaures are to be taken on all projects to meet the design noise levels to the
extent that reasoncble opportunities exist to control noise. However, there are projects
for which abatement measures cannot feasibly achieve the design noise levels, and the

policy Includes provisions for handling these exceptions,

12
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It is important to recognize several factors associated with these design levels.

FHWA, authorizes the use of federal funds for noise abatement wherever o
traffic nofse impact can be identified provided only that the measures reduce
the noise Impact and the overall benefits exceed the overall adverse social,

economic ond environmental effects. (Para. 12, FHPM 7-7-3,)
A noise impact con exist when :

(1) The predicted traffic nolse levels appreach or exceed the design noise

levels; or

(2) The predicted traffic noise levels substantially excend the existing noise
jevels, (Para. 4, FHPM 7-7-3.)

The design noise levels in the standards represent o balancing of that which
is desirable and that which may be achtevable, and noise impuacts can occur

even though the design noise levels are achieved,

The values in Tabie | should be viewed as maximum acceptabli values, with
the recognition that in many cases the achievement of lower nevise fevals
would resuit in even greater benefits to the community. Highway agencies
are urged by FHWA to strive for nolse levels below those listed in Table 1
where they can be achieved at reasonable cost and without undue difficulty,
and where the benefits appear to clearly outweigh the costs and efforts
required. (Para. 8, FHPM 7-7-3.)

While the design noise levels apply only to lands which are develpped on
the date of public knowledge of the highway, the standords indieqte that
highway agencies may consider the desirability of applying them t¢& unde=~
veloped lands which are subject to development. In addition, hlghway

agencies are to fumish local officials with approximate generalized noise

13




levels for various distances from the highway improvement and other
information to assist and encourage local governments to develop and
implement programs (such as zoning or subdivision control) to protect
against future development which is incompatible with the expected noise
levels alongy the highway .

The above condiitions do not apply to areas that have, or are expected to have,
limited human use, or where lower noise lavels would result in little benefit. The exterlor
design noise levels apply o outdoor areas that have regular human use and where a lowered
noise level would be of benefit to the public. The values do not apply to an entire tract
upon which the activity is based, but only to that portion of which such activity normally

oceurs,
The interior design noise levels apply to:

1. Indoor activities for thase parcels where no exterior noise-sensitive land

use o activity is identified.

2, Those situations where the exterior activities on o tract are either remote
from the highway or shielded in some manner so that the exterior activities

will neat be significantly affected by the noise, but the interior activities will.

The interiex design noise level may be considered as a basis for "soundproofing”
public-use institultional structures in special sttuations when, in the judgment of the high-
way agency and c:oncurred in by the FHWA, such consideration is in the best interest of
the public. Inteirior noise level predictions may be computed by subtracting from the pre=
dicted exterior levels the nolse reduction factons for the building in ques;lon. If field
measurements of these noise reduction factors are obtained (or if the factors are calculated
from detailed acoustical anolyses), the measured (or calculated) values shal! be ysed, In
the absence of ‘field measurements, the noise reduction factors may be obtained from the

following table:

14
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Noise Reduction Factors For Interior Noise Level Predictions*

Noise Reduction Due to
Building Type Window Candition Exterior of the Structure
All Open 10 dB
Light Frame Ordinary Sash {Closed) 20
With Storm Windows 25
Masonry Single Glazed 25
Masonry Double Glazed 35

* Federal-Aid Highway Program Manual, Vol, 7, Chapter 7, Section 3

Naote: Recent work performed by Wyle Laboratories ("Insulation of Buildings Against
Highway Noise," FHWA Monual FHWA-TS-77-202) validates these values for

their intended purposa,
Structures in climates where windows are open only a few days a year and
structures with air conditioning will normally be considered as a closed-window condition.
Situations where the open-window period does not coincide with a high noise level from

the highway may qualify as a closed-window condition,

The standards do not guarantee the elimination of annoyance or disturbance from
traffic noise even in those situations where the design noise levels are met. The standards
are those noise levels established for various activities or land uses which represent the
upper limit of acceptable traffic noise level conditions. These levels are used to
determine the degree of noise impdct on human activities. Occasional peak noises,
such os those which oceur from the passage of a few trucks per hour, will not be controlled.
The reduction of these occasional noise peaks (and concurrent reduction of annoyance) will
come whan the appropriate governmental agencies provide for reduction of vehicle source
noise levels, both through improved vehicle noise standards and enforcement of maximum
operating noise limits., However, the standards of Table 1, if applied, can ensure that

noise is given proper consideration in the development of highway projects.

15




Eligible Noise Abatement Projects

FHWA permits federal funds to be used on federal-aid highway projects for the
abatement of traffic noise. The basis for the policy Is to minimize adverse noise impacts.
It is recognized that these impacts are often difficult to quantify, but their reduction is

often justified in terms of the money spent,

Federal funds may be used for the construction of noise borriers and for the asso-
ciated acquisition of necessary land or land rights. Federal funds may also be used to
acquire lands (primarily undeveloped) as o preemptive buffer zone, Troffic operational
measures such as truck routes and restriction of hours of operotion are often feasible noise
abatement measures. The increased costs of such measures are also eligible for federal
funding. Inspecial situations, the “soundproofing" of public-use institutional buildings
may be incorporated in federal-aid highway projects to abate traffic noise. Current FHWA
policy regarding the use of federal funds for private dwellings is that federal funds may be
approved under the National Experimental and Evaluation Program (INEEP) Project No. 21—
Noise Insulation for Privote Dwellings ~ based on the criteria established in FHPM 7-7-3,
Paragraph 120; i.e., 't traffic noise impact has been identified, the noise abotement
measures will reduce the noise impact, and the overall noise abatement benefits are
determined to outweigh the overall adverse social, economic, and environmental effects
of the noise chatement measures. The requirements of Paragraph 12e need not be met;
i.e., noise insulation may be implemented even if noise impact is not especially severe

and other abatement measures are feasible."

16
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3.2 HUD Building and Development Site Noise Standards

Background

In August of 1971, HUD published an innovative policy on noise abatement and
control which Indicated the Department's intent to deal in a new manner with the noise

pollution problem. As set forth in HUD Cireular 1390.2, this pelicy is directed toward

s  Encouraging land utilization patterns for housing and other municipal needs
that will separate uncontrollable noise sources from residential and other

nolse-sensitive areas; and

¢ Restricting HUD support for the construction of noise~sensitiva development,

patticularly housing on new sites which are adversely exposed to polse.

HUD's policy is not to stop the building of needed housing, but rather to
encourage construction in areas which constitute good residentiol environments. The
focus of this policy lies in HUD's power to stop or alter plans for HUD-assisted housing

construction wherever noise levels are high.

Standards

In discouraging the construction of new dwelling units on sites having excessive
noise exposure, HUD has implemented the exterior noise standards which were establishad
in the 1971 Citcular. The standards set forth four noisa level categories which are applied
to the site of the proposed constructioln. The four categories are: Acceptable, Discretionary-
Normally Acceptable, Discretionary~Normally Unacceptable, and Unacceptable. As set
forth in the 1971 Circular, the Acceptable category represents an ideal goal. In actual
practice, the Discretionary=Normally Aceeptable category is used for acceptability
eriteria and is combined with the Acceptable categoly,
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Approval of sites in the Unacceptable noise zone is strongly discouraged; only
the Secretary of HUD can approve such sites after an Environmental Impact Statement
has been filed. At the other extreme, there are ne special requirements associated with
the Acceptable noise zone, since sites in that zone are not considered to have a noise
problem. In the Discretionary~Narmally Unacceptable zone, approval requires noise
attenuation measures, the Regional Administrator's concurrence, and a detalled environ-
mental statement as defined by Section 102(2)C of PL 91-190 and implementing guidelines

of the Council on Environmental Quality and HUD,

HUD realizes that in densely developed urban areas in particular, land available
for development is scarce or is subject to o variety of constraints in development, so
that the total housing needs of an araa often cannot be accommodated without some
development in areas impacted by nelse. In such circumstances, opprovals in
Discretionary~Normally Unacceptable arsas are authorized, but only to the extent
that the area's housing needs cannot be reasonably accommodated in areas not
exposad to noise.

The rules of discretion, as applied to HUD's nolise policy, are designed to
accommodate the Department's mandate to provide both a "decent home" and a
“suitable environment" to American families. If it is truly a choice between housing
with some noise, or no housing at all, then it is HUD's policy to assist the housing and
to minimize the noise impact through noise attenuation measures. HUD only requires

that the true extent of the trade~off between housing and noise bs estublished.

18




Noise Reduction Features

In the past four years, since implementation of the noise policy, many instances
have occurred in which noise attenuation measures have resulted in basic project design
modifications and the incorporation of double-glozed windows, solid wood doors, air
conditioning, and other acoustical features necessary to reduce and prevent the encroach-
ment of noise upon the potential homeowner or apartment dweller. The additional cost
of the noise reduction features is absorbed by the developer and ultimately by the buyer,
Such costs can often be avoided or reduced by planning for noise and taking it info con-

sideration in the earlier site selection and site planning stages of the project.

Clearly, this policy has mede Tt advisable for local and area~wide agencies
responsible for housing and land-use planning to conduct studies to establish a strategy
for the location of housing in a land-use plan which accounts for noise as well as ather
environmental concerns. In the absence of ¢ planning strategy which addresses noise,
developers must document the need for the proposed noise=sensitive development in order
to obtain HUD assistance. This can be a time-consuming process resulting in the rejection
of some projects in areas exposed fo noise, if altemative and less exposed sites exist or

the lack of such sites has not been adequately established.

3.3 EPA Identified Levels

In March of 1974, EPA published a document entitled Information on Levels of

Environmental Noise Requisite to Protect the Public Health and Welfare with an Adequate

Margin of Safety. The levels identified in this document are based solely upon public

health and welfare considerations and are presented in Table 2. It is important fo note
that these levels were established without considertion of cost or feasibility, and hence
they do not represent an agency standard. Unlike an agency standard, levels which are

in excess of those identified may be appropriate in individual cases and no special pro-
cedures or exemptions are necessarily recommended. On the other hand, an adverse
impact on the public health and welfare does exist for levels in excess of thase identified
and it is this impact which must be traded-off against the cost, feasibility of achievement,
and the attoinment of other objectives in making final decisions. These fevels are therefore

considered by the EPA as goals to be strived for, with the recognition that the time for

actual achievement in individual cases will depend on a variety of other considerations.
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Table 2

Summary of Noise Levels [dentified As Requisite To Protect
Public Health and Welfare With An Adequate Margin of Safety*

Effect Level Area
Hearing Loss Leq(2 4) <70dB All areas
Qutdoor Activity Ld < 55dB Qutdoors in residential areas and
Interfurence and n farms and other outdoor areas
Annoyance where people spend widely varying
amounts of time and other places
in which quiet is a besis for use,
L (24) < 5548 Cutdoor areds where people spend
eq limited amounts of time, such as
school yards, playgrounds, etc.
Indoor Activity Ld < 45dB Indoor residential areas
Interference and n
Annoyance
L (24) < 45dB Other indoor areas with human
€9 activities such as schools, etc.

* “Information on Levels of Environmentel Noise Requisite to Protect Public Health
and Welfare With an Adequate Margin of Safety”, Report No. 550/9-74~004,
U.S, Environmental Protection Agency, Office of Noise Abatement and Control,

March 1974,
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3.4  Llond=Use Compatibility Guide

The use of land for compatibility with various noise environments is il{ustrated
in Figure 1. The choice of the use is govemed by the L dn values describing the noise
expesure, There is no universal method of rigidly interpreting requirements ~ this must

be done on an individual basls with consideration for local constrainks.

For most land uses, the compatibility interpretation for the lower L 4 values
indicates that there are no special noise insulation requirements for new censtruction,
and that there should be no adverse effects from transportation nolse, Corresponding
to higher levels of noise exposura, the Interpretations generally define a range of noise
exposure in which new construction or development should not be undertaken but could
be allowed where restrictions are not pessible due to local land development constraints,
In such cases, an analysis of noise reduction requirements should be made and needed

noise reduction features included in the site development and building design.

A major factor to ba considered in determining noise requirements for a given
land use is the local building construction. The quality and type of wall, window and
roof constructions are among the most effective ways of reducing the number of noise
leakage paths. This is one of the key areas of control by local authoritles through local

building and safety codes,
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For Residential, Hospital and Educational
Activity

Environmental Noise Level
Associated with an Action
{exterior enviranment)

Qualitative Considerations Applicable 1o
Individual Actions

l.evels have unaceeptable public health and

75 welfare impacis

]

-D . e . . .
—l' 70 Significant adverse noise impacts exist:
T allowahle only in unusual cases where lower
= levels are clearly demonstrated not to be
T possible
=
o
A
&
= 68
[
-
<L Lo , .
= Adverse noise impacts exist: lowest noise
£ level possible should be strived for
s
Q

B0

554

Levels are generally acceptable: noise impacts
are not usually associnted with these levels

“Interior noise levels will depend on the building structure,
Figure 1. Representation of Land~Use Compatibility With Noise.
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4,0  APPROACHES TC NOISE CONTROL

The federal policy requires that every reasonable effort be made to achieve

“substantial noise reductions when noise impacts ore identified. However, ony signif-

icant reduction in the existing or predicted noise levels will be u benefit, so that the
inability to comply with the standards does not imply that noise abatement measures
should not be incorporated. Thus, measures to achieve partial reductions in noise level
shall be included in the project development where they are consistent with overall

social, economic, and environmental considerations,

Furthermore, since the standards represent a balancing of that which is desirable
and that which may be achievable, noise impacts can occur even though the standards ? |
are achieved, Accordingly, the standards should be viewed as moximum acceptable :
values recognizing that lower levels will result in an increase in community benefits,

It is recommended that measures be introduced to reduce noise levels to values below

these of the standards in cases where the beneflts appear to cutweigh the costs involved,

For @ more detailed definition of federal policy, the reader is referred to Sec~
tion 3 of this manual, or to the Federal Highway Program Manual, Vol, 7, Chapter 7,

Section 3.

In order to control highway noise in the most effective manner, it is generally

apreed that a three=part approach is needed. The elements of this upproach are as follows:

1. Reduction of sound af the source (the mofor vehicle},
2. Noise control measures in the planning and design of highway projects,

8. Control of the use of land in the vicinity of highways,

Each of these approaches will be discussed in detail in the following sections,

4.1  Reduction at the Source

The reduction of noise at the source — that is, on the vehicle itself — 1s poten-
tially the most fruitful way to reduce the problems of motor vehicle noise. Whereas the
application of other techniques, such as land planning ond increased building insulation,

may provide local abatement of noise, a quieter vehicle will produce lower noise levels
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wherever it travels, Also, quieter vehicles can provide a reduction of noise along
existing highways where no other corrective measures are possible.

There ore basically two methods available for reducing vehicle noise at the
source, namely:

e QOperational limits, where existing vehicles are required not to exceed a

specified nolse level, Vehicles producing levels below the limit would
not be affected; those exceeding the limit must be brought inte compllance
by repair, retrofitting, or eliminating, A certain degree of non-compliance

is inevitable and should be included in any assessment of the effectiveness,

@ New vehicle limits, where new vehicles are required to meet specified

noise standards, The standard for new vehicles can be substantially lower
than an eperational limit, becouse new technology is mere readily incor-

porated into new vehicles than into existing ones.

Any realistic strategy must incorporate both types of limits, The operational
Iimit alone does not provide for maximum use of new technology; new vehicle regulations
alone do not provide for control of vehicles once thay are in service. Strategies may

also include lowering both types of limits with time, as noise contro} technology improves.

The Environmental Protection Agency {EPA) has promulgated noise emission
standards for motor carriers currently engaged in interstate commerce, and FHWA/
BMCS (Bureav of Motor Carrier Safety) has enforcement responsibiiity for these standards,
EPA has also promulgated noise standards for newly manufactured medium and heavy duty
trucks. [n states where these laws (or sTmilar prior state laws) have been actively enforced,

reduced vehicle noise levels have been observed.

There is one important difference between the two methods for regulating vehicle
noise levels, The operational noise limit is a limit to be met by all vehicles, and if
properly enforced, will result in an immediate reduction in highway noise. The new
vehicle noise standards only apply to the vehicles introduced into the fleet, and even

though they might be much quieter then existing vehicles, the full effect is only cbtained
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aofter many years of attrition of older vehicles. As a result, it might be assumed
that the operational noise limit represents the optimum method of vehicle noise control .
Unfortunately, it is quite difficult to significantly reduce the noise levels of existing
vehicles — some of which may be 10 years old — without considerable expense.
Accordingly, the benefits to be obtained from vehicle noise reduction will not be
fully realized for many years,

An alternative method of reducing vehicle noise at the source is to modify the

operation of the vehicle. Although this is actually a highway design or operating

approach, its effect is the sama as a source reduction, and is therefore treated here.

There are two ways in which this can be achieved:

¢  Reducing Truck Traffic

Restricting the number of trucks operating on the highway can be a very
effactive solution to high noise lavels. Table 3 shows the effect for
speeds of 35 and 55 miles per hour {mph)}. For example, a change from
15 to 5 percent truck traffic traveling at 55 mph will result in o decrease
of about 4 dB in averall highway noise. Completely eliminating trucks
on specific roads through the use of altemate truck routes in compatible
areas would result in o decrease of 8.5 dB. Even greater reductions can

be obtained In speed zanes of 35 mph.

e  Reducing Truck Speed

Highway noise levels can also be reduced by limiting the speed of trucks,
This is useful only on high-speed roads where tire noise dominates and is
reduced with decreasing speed, The reduction in overall highway noise

is given in Table 4.
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Tables 3 and 4 can be used to determine the change in highway noise levals
resulting from changes in truck flow and speed. For example, if the existing truck
percentage is 20%, traveling ot 55 mph, the effect of reducing the percentage to 10%

and the speed to 35 mph con be obtained us follows:

¢  Find the reduction in noise level due ta a change in truck percentage

From 20% to 10% at 55 mph from Table 3 {= 2.5 dB).

¢ Find the reduction in noise leve] due to a reduction in truck speed

from 55 mph to 45 mph at the new percentage of 10% from Table 4 (= 1 dB),

¢  Find the total change in highway noise level by direct addition (= 3.5 dB).

Table 3
The Effect on Highway Noise Levels of Reducing Truck Traffic
Then the Reduction in Highway MNoiswe Leval
If the Charge In Truck Mg o L) In o 1"
Purcontage is from: 35 mph 55 mph
20% 10'15% 1 1
15% 1o 10% 1.5 1.5
10% to 5% 2.5 2.5
5% 1o 0% 8.5 4.5

* The reductions in these calumms are additive, sa 1hat, for exomple, the
reduction in highwoy noise level resulting from o change In lruek percentaga
fiom 20% to 5%at A5 mph 1t 1 + 1,5 + 2,5 =5 db

Table 4
The Effect on Highway Noise Levels of Reducing Truck Speed

Approximote kngacsion in Highey
Noiwe Lovel (qu of ldn, 3]
Chonge In Truck Spacd
mph) Truch Mix

Ficun ~ To 5% 10% 20%,
65 =+ 55 0,5 1.0 1.5
65 -~ 45 1.0 1.5 2.0
65 ~— 35 2.0 3.0 3.0
55 -~ 45 1.0 1.0 1.0
55 ~ 25 1,0 2.0 2.0
45 ~ 35 1.0 1.0 1.0
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4,2  Noise Control in Highway Planning and Design

The second port of the three-part approach is the abatement of traffic noise
in the plenning and design of highway projects. A consideration of this approach is
requirad by the FHWA noise policy before fedsral funds can be allocated to a highway
project. The methods of obatement that are available include the selection of highway
location, the depression of the roadway, the introduction of barriers, and the sound-
proofing of buildings, The effect of each of the road design mathods can be determined

by the procedures described in Appendices A and B,

In the planning and design phase, the following factors should be considered:

& An effsctive measure for minimizing nofse impact involves adjustment of
the alignment to avoid sensitive receptors, such as schools, hospitals,

and residantial areas,

o Since the topography of an area may be used in some instances to raduce
noise, horizontal adjustments may be appropriate in order to take advantage

of shielding by existing terrain.

&  Adjustments to the profile ond cross-section moy effectively reduce noise,
While elevated Focilities generally have a limited ability to contain noise,
the knee of the slope may act as a barrler which satisfactorily reduces noise
levels ot adjacent receptors, However, a more effective vertical adjust-
ment of the alignment involves depression of the roadway. Depressed
alignments, particularly those between deep retaining walls or with

covers, are effective means of containing noise.

o  Other design considerations include the medification of roadway gradients,

Steeper gradients will normally increase traffic noise levels,
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4,2.1 Barriers

An alternative to either source noise reduction or receiver protection consists
of the incorporation of acoustic barriers between the noise and the receiver. Barriers
are generally considered to be feasible only along major highways with long, uninter-
rupted stretches of road. Barriers are not usually considered for Jocal streets due to the

many interruptions that would oceur for crossing streets,

While much literature is available on the theoretical effectiveness of noise
bamiers, the basic consideration remains the effective height of the barrier relative
to the line of sight hetween the source and the receiver, Barriers have been designed
to provide aitenuation over the range from 5 to 15 dBA, with the median value being
10 dBA. The 15 dBA value represents the maximum practical design limit.* The cost
of barriers varies greatly not only with the type of material used, but also with the

location and the existing ground surfoce,

The attenuation provided by a barrier is dependent on the geometry of the

source~barrier-receiver system, and can be incomporated into the noise assessment by
means of the nomegram procedure given in Appendix B,
The material used for constructing the barrier must be selected so that the trans~

mission of sound through the barrier is much less than that diffracted over the top, In

general, this can be achleved by ensuring that the mass of the barrier materia) s of least;

e 1.3 lbs/ff2 for an attenuation of 5 dB.
e 2.3 ll:rs/fl‘2 for an attenuation of 10 dB,
4,0 lbs/ff2 for an attenuation of 15 dB,

* Snow, C.H., "Highway Noise Barrier Selection, Design and Construction Experiences,
A State-of~the-Art Report = 1975", U,5, Department of Transportation, FHWA
Implementation Package 76-8.
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4.2.2 Noise Reduction at the Receiver ~— Dwelling Modifications

For ground transportation noise sources, it may be possible to achieve desired interior

noise levels through treatment only of walls facing the source. The soundproofing treat-

ments and the relative effort involved in these medifications are summarized below under

the categories of minor, moderate, and major dwelling modifications,

Minor Dwelling Modifications

Through attenuation to details such as minimization of “sound leaks" around doars,
windows, and vents and replacement of "acousticolly weak " components, outside to Inside
noise reduction of A~weighted noise levels on the order of 25 to 30 dB is obtainable,
These improvements consist primarily of adequate weatherstripping around doors, assur-
ance of snug-fitting doors and windows, elimination of louvered windows and treatment
of exterior vents (chimneys and kitchen or bathroom fans, in particular), In addition,
exterior hollow=core doors need to be replaced with the solid-core variety, This treat=
ment essentially ensures that the noise reduction provided by the dwelling structure is up

to the performance capabilities of the building elements and is not affected by leaks, etc.

Moderate Dwelling Modifications

Moderate modifications would include all of those listed under "miner" plus major
attention to the weakest hausing components — namely, windows. The most effective window
treatments consist of double glazing or sealed windows. In both cases, this usually neces-
sitates the installation of a mechanical ventilating system or air conditiener in the dwelling,
if it Ts not already done. Additional attantion iz giver to the attic by acoustical treatment
of attic vents, incieased sound absorption material (hence, better heat insulation) in the attic
space, and when required, finishing the crawl space areas with gypsumboard, Such treatments

will produce overall sound insulation un the order of 30 to 35 dB for A-waighted noise levels,

Madjor Dwelling Modifications

Majer modifications consist of all items under "miner" and "moderate”, plus some
structural improvements of weak walls and roofs. These changes would include elimination
or suitable modification of exposed beam roof/ceiling designs and a general "beefing up®

of exterior walls. Sufficient exterior wall improvement may normally be attained by
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installation of an extra layer of gypsum board on the interior surfaces over sheets of
sound-deadening board or by securing it to resilient channels. Where possible, double-
entry doors or vestibule entrances could be incorporated, In lieu of these, "acoustic”
doors are required, Improvements in sound insulation available from these changes may

yield nolse reductions on the order of 40 dB for A-weighted noise levels,

The cost of modifying dwellings depends on the construction fypa, the geograph-
jcal area and the degree of nofse reduction required. For minor and moderate modifica~
tions, the noise reduction can be increased by 4 to @ dB at a cost (in 1976 dollars) of
between $3 to $7 per square foot of dwelling area. Major modifications that can increase
the noise reduction by up to 15 dB cost about $14 per square foot, These cost figures are

intended as a guideline only and must be estimated on an individual basis.

In view of the expense invelved, if is recommended that this approoch be consi-

dered only as o lost resort — particularly since the exterior noise envirorment ramains

unaffected.

To achieve compatible land use through improved sound insulation in building

structures, it is necessary to amend the building code to achieve two objectives;

o Incorporate adequate exterior to interior noise reduction in new construe=

tion to abote extemal noise, and

e  Establish minimum requirements for intemal noise reduction in multi~family

dwellings, hotels, and motels to achieve desired acoustical privacy.

Both of these changes provide a legal basis for noise abatement which is of direct

benefit to the people and s not costly to implement.

An important aspect in the application of nolse control techniques to houses is
the fact that the sound levels af various points around the outside of o house will differ
by virtue of the acoustic shielding provided by the house structure itself against the noise
source, This is similar to the formation of a shadow in the case of light, It is possibie to
make wse of this effect in soundproofing since the shielding is equivalent to an Increase
in attenuation of the shielded wall or window. Thus, the shielded elements of a house

are not required fo provide the same degree of attenuation as are the unshielded walls.
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For highway noise sources, this self~shielding will raduce by about 10 dB the noise

tevels on wall surfaces facing directly away from the traffic, The shielding for the

side walls is usually in the neighborhood of 3 dB,

4.3 Land Use

The third part of a balanced attack on highway noise is control over the use of
land in the immediate vicinity of the highway. This does not necessarily mean that this
land remain vacant. Many commercial and industriol activities can exist within a mod-
erately noisy environment, and many other types of activities can be accommodated

through proper site location, building design, and acoustical treatment (soundproofing).

Often, complaints about highway traffic noise come from residents occupying
homes built adjacent to a highway after the highway was already built, Many of these
highways were originally constructed through undeveloped lands. Even though highwey
agencies may be knowledgeable about existing zoning end planning, they are not able to
control when and where future development will occur, what such development will be,
and the degree of "soundproofing” that will be built into future buildings. Moreover,
there are existing highways which are bordered by vacant land which will someday be
developed. Sensible land use control implemented at an early stage can help prevent
future traffic noise conflicts in these areas, Such controls need not prohibit development;
rather, they should utilize reasonable setback distances, appropriate zoning, or other

previcusly discussed abatement measures to avoid future noise disturbances.

Federal funds may be used in the acquisition of real property or interests therein
{predominantly unimproved property) to serve as a buffer zone to preempt development which
would be adversely impacted by traffic noise and for other noise abatement purposes. Acqui-
sitlon of a faw improved parcals may be included in such buffer zone acquisitions to provide a
uniform treatment. Further, it is preferred that buffer zone acquisition be performed in con-
junetion with local zoning, land use controls, or other local government controls imposed or
exercised in accordance with a comprehensive plan. Additional details regarding FHWA land
acquisition policy may be found in the FHWA Federal-Aid Highway Program Manual 7-7-3,

Paragroph 12b(5).
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4.4

Evaluation of Proposed Measures

The steps involved in the evaluation of noise abatement methods are as follows:
1. Defermine the amount of noise reduction required to satisfy the noise standards,

2, Assess the noise recuction that con be achieved by the methods proposed in
the EIS, For this purpose, calculation methods are contained in Appendices A
and B and earlier parts of Section 4,0. Appendices A and B contain the basic
method for caleulating highway noise levels; Saction 4.0 contains information
suitable for determining the effectiveness of ubotement methods, Discrep-
ancies between the predicted amounts of reduction should be resolved with

the persons responsible for preparing the EIS,
3. Evoluate the methods proposed ageinst the reduction required,

4. Identify alternative or additional meosures that are suiteble for implementing

the federal policy of noise abatement,
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APPENDIX A

Highway Noise Nomogram Procedure *

The procedure for computing highway noise levels involves the use of nomograms,
which, when entered and read properly, allow easy use of the relationships between
highway noise variables to determine values of Leq' The stap-by-step procedure
involves a determination of Leq for a straight rondway segment at a single observer

position.

@ The procedure is directly applicable to straight road elements, A curved
road may be considered to be straight if it deviates from straight by less
than 10 percent of the observer distance, D, for a distance 25D (or the
section length if less) from the nearest point. This tolerance is illustrated

in Figure A-1. Treatment of roads with greater curvature is discussed later.

' 5D e 5D -JI

Observar
L B

Figure A~1, Permissible Curvature for Approximately Straight Reads,

s If more than one roadway is present, then the noise level from each roadway
must be computed seporately by using the nomogram procedure, The
petpendicular distance from the observer to each roadway must always

be taken.

* See Appendix C for documentation and velidation of this procedure,
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o Finite road elements are defined by the angles 9] dand 82, as shown in
Figure A-2. If the observar does not lie between the end points, the

ohserver distance D is measured perpendicular to an extension of the

section, as shown in Figure A~2b,

a, Observer Between End Points.

Extension

Observar

b. Observar Not Betwean End Points. The smaller of the angles (92 in this
case) is given a minus sign.

Figure A-2. Geometry and Angle Definitions for Finite Road Elements.
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8 A curved road may be divided into two or more approximately straight
elements, each with tolerances as shown in Figure A-1, An example is
shown in Figure A-3. For each section, the observer distanca, D, is

measured perpendicular to the section or its extension.

Extension of
v) Section |

ot

e
.ary V
SQGM

Dsection 2

DSection 1
Observer

Figure A~3, Curved Roadway Approximated by Two Straight Sections

¢  After all of the roadways and/or sections have been accounted for and the
resulting Le 's have been tobulated, the total Leq is obtained by combining

the individual values,using Nomogram A5, as shown in the procedure.

s IfL dn being calculated for o highway section or sections, then separate Leq's
must be determined for the daytime hours (L 4 0700-2200) and the nighttime
huours ’(Ln, 2200-0700). L dp SO0 then be obtained from Tabies Al and A2,

s If Lﬂq is desired at mere than one single observation paint, then the antira
stap-by~step procedure must be repeated for each additicnal observer position.
{The user will note, however, that a good number of the steps are independent
of obsarver position, so the pracedure is not as complicated as it may inftially

seem., }
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Table Al
Method for Calevlating L, from L, and L
dn d n

Il the value of Then Add this Number to Ly
Ld - Ln is; ta Delemine Ldn’:
-4 df 10 4B
-2 8
0 6.5
2 5
4 3.5
[ 2
8 1
10 0
12 -0.5
14 -1
16 -1.5
Table A2

Method of Calculating L 4n from Leq When the
Day/Night Traffic Parcentage is Known

If the Percentage of 24«Hour Teaffic
Passtng During Daytime Hours Is:

Then Add this Number to L
e Detemine Ldn‘ eq @4)

100 %
95
70
85
80

70
60
50
40

0 db
1.5

3

3.5
4.5
5.5
6.5
7.5
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Table A3 lists required input data, and specifies units, Table A4 defines
symbols used in the calculation procedure, and indicates the step in which they are

defined. Figure A4 shows the dimensions defined in Table A3,

The procedure in this appendix is to be used only if a clear line-of-sight
exists between the observer and the road surfoce. If this line-of-sight data does not

exist, then the barrier procedure given in Appendix B must be followed.

The nomagram calculation procedura consists of the following steps, with a
running numerical example following each of the staps. Worksheet A, shown
on page A7, may be used to record the input dafa and the valués obtained alohg

each step of the nomogram procedure.

If a caleulator with common logarithm, antilegarithm, and sguare root functions
is available, some users may find it more convenient to calculate quantities. Where a

simple equation exists, it is shown on the nomogram.

~— M Observer
Far Lanes Near Lanes 'i/
A ¢  Sordir v | i/ pLrAr L
% Roadway 77 4
e W ey
- D -

Flgure A4, Roadway Dimensions



Table A3
Input Quantities Used in the Nomogram Procedure for Computing Highway Noise Levels

Variable Meaning Units

S Average speed (if not avallable, use posted limit) mph

Q Total vehicle flow ' vehicles/hr

T Truck flow ! trucks/hr

M Distance batween centerlines of inner (left) lanes feet

w Distance between centerlines of outer (right) lanes faet

D Distance from point of measurement to centerline feet

of nearest lane
G Roadway grade percent
9], 62 Angles defining road section ands degrees

IIF L. is being calculated, separate values are needad for the hours of 7AM to 10 PM,

dn
and 10PM to 7AM,

Table Ad
Symbols Used in the Highway Noise Nomogram Mathod
Step Numbar
Variable Meaning Units In Which
Variable Is Defined
L Base Noise Level dB 1
t Percentage of Trucks percent 2
GF Grade Facter _— 2
E Effective Truck Percentage | percent 2
At Truck Noise Increment dB 3
ap Disfance Adjustment dB 4
Ay Road Width Correction dB 5

Ab
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WORKSHEET A

NOMOGRAM PROCEDURE FOR COMPUTING HIGHWAY NOISE LEVELS
{See Text for Step-by=Step Instructions)

REQUIRED DATA

Average Spend,

5 » mph
Total Vehicles Par Hout, Q = par hour
Tetucks Per Hour, T = por hour
Distance Batwean Centerlines of Inner Lanas, M = [}
Distonce Boiweon Canterlines of Outar Lanes, L ;]
Distonce from Obtarver to Canterline of Neorest Lane, D = ft
Roadway Grade, G o= __ %
Angles Dufining Road Ssction Ends, 0| - degraes
.2 L] dagress
STEP 1
L = did,
STEF 2
AR %
E » | x{GF=« )= w
STEF D
b »
STEP 4
bp =
STEP 5
% -
%ﬂ "
A w - db
STEP &
Ly "% Y+, )+ [y, ) = o

{from STER J) {from STEP 4)  {irom STEP 5)

STEP 7 ¥ al - az =90%, (e I."I from STEP & ond 1erminate procedura,

8 = AAI = ds
0 * by ® db
o, L (O ) -3 +AA] . db
{from STEP &}
b = L= Je3 44, = db
L'} ] ——— —————
2 (from STEP 6) *2
STEP B
(l-.ql = Je (L"'z - )= .dB
{From STEP 7) {from STEP 7)
(NOTE: L

o, mui? ba larger than L‘qz.l If not, revarss tham,)

Comblned L. - o8

] —
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STEP 1 Enter Nomogram A1 with Q and S to obtain the base noise leval, L,

{Example: For Q = 6000/hour and S = 55 mph, L =75.5 dBA)

STEP 2 Caleulate the truck percentage, t, by dividing Q into T and then
multiplying by 100. Enter Table A5 with the roadway grade, G, to

obtain the grade factor GF. Multiply the truck percentage, t, by the

grade factor, GF, to determine the effective truck percentage, E,

{Example: For T = 300/hour, + =5%. For G = 2%, GF = 1.4 or that £ = 7,0)

Table A5
Readway Grade and Grade Factors

Roadway Grade, G Grode Factor, GF

<2% 1
2 to 6% 1.4
> &% 2

STEP 3 Enter Nomogram A2 with § and E to obtain the truck noise increment AT.
{Example: Ap = +5 dB}

STEP 4 Enter Nomogram A3 with D to obtain the distance correction Ay« In
typical cases where propagation is over the ground, the scale marked
"Over Ground" is to be used. This scale includes normal ground abserption,
Where the geometry is such that ground absorption does not cccur {as described
on the nomogram), the scale marked "Free Space" is used. The free space

scale Is also used in the barrier calculation described in Appendix B,

{Example: For D = 200 ft, AD =-8.3 dB)

AB

 —




STEP 5 Enter Nomogram A4 with M/W and W/D to obtain the road width

correction factor, AW'

(Example: For M =32 fr and W =80 ft, M/W = 0.4 and W/D = 0.4 From
Nomogram A4, Aw =] dB)

STEP & Determine the equivalent noise level, Leq’ by adding the three corrections

to L:

I'asq:l"*":‘T""ﬁD""AW

Nota: The corraction factors ﬁD and Aw are always zero or negative.

(Bxample: L, =75.5+6 -8~ 1=72.5dbA)

Nota: As a result of vehicle noise regulations, the individual noise levels
of vahicles will dacrease with time. The effact of this reduction can be taken

into account by correction factors applied to Leq' as described in Appendix D.

STEP 7 I 8 and 92 ars not each 90° {an assumed infinite road), a correction 4 A
must be applied. Table A6 gives this correction for a symmetric road with
half angle 6 = B1 = 82. For 91 2 82, divide the road into two parts at 8=0.
Subtraet 3 dB from Leq to get the noise for each half, add A 5, from Table A%
to the resulting levels for each haif, then combine the sections as per STEP 8.

(Example: 6y = 8, =90°, AA] =4y
procedure)

=0, Use L _from STEP & and terminate
2 €9

(Example: 81 = 50°, by = -1.2,

8, = 40°, ﬂA; =.2.8,
L, = 72,5 - 3dB = 69,5

L =69.5+ (-1.2) = 68.3
eq

!
L "= 469.5+ (-2.8) = é6.
oy (-2.8) = 66.7)
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Table A&
Half Angle 8 and Correction Factor A A

If the Half Angle 8 is: Then the Value of A, indBis:
10° -8.7
20° 5,7
30° -4,0
40° -2.8
50° -1.9
40° -1.2
70° -0.7
Bo° -0.3
pQ° 0
STEP 8 If the highway Is divided into sections, or if there is more than one highway,

then the noiss levels associated with each are combined, Enter Nomogram 5
with I'eq1 and L‘"-'l] - Lqu‘ If thera are more than two sections and/or highways,
Nomogram A5 is repeated|y applied to combine each Lﬂq to a running total.

This complates the nomogram procedurs,

(Example: Leq =73, Leq2 = 68, L‘qa =70, Combine Leq] and Leq2 to obtain 74.2;

combine this with L‘,q3 to obtain 75.6)
If the geometry of o finite road element is such that one angle s negative {as in
Figure A=2b), Nomogram A5 must be used "backwards” to subtract the negative portion.,
Considering 8 > 8y, and denoting the respective Leq" by L;ql and Léqz, there are
two cases:
L L“’ql - Léqz > 3 dB, Enter Noemogrom A5 with L;q] on the L°qtotal scale,
and adjust the straightedge such that Léq " + 4 equals the value on the
Leg 0 scale. This value on the LM|2 scale is the answer.

A0




2, Léq] - L~ < 3dB. Enter Nomogram A5 with L;_q‘ on the L_C‘.q scale,

, eq2 ' otal
and Lﬂq 0 on the Leql scale, Subtract the resultant A from !.m:12 to chtain

the answer.
Alternately, the equation may be used replacing the plus sign with a minus sign,

In some cases, the highway or the local terraln may be too complex to be treated
by the simple nomogram method which can only handle fairly orthodox configurations,
It will therefore be necessary to resort to a computerized method of calculation that can

account for these situations. Available methods are described in Appendix C.

All




Enter with Qand S.
Exit with L.

18,000}
*,000-]
8,000}
7,000

6,000

5,000~
4,000-1- ner

I Equation:
3,000.3-

L=0.4+10|0910Q+

2,000 - +22 logy .

ot

150 L=
" 404

Q L

Nemogram Al, Colculationﬁfzﬂnse Naoise Level, L.

NOTE: If Qis less than 100,
h multiply Q by 10, then entfer.
T ] Subtract 10 from resultant L,
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Equation:
- v BN, E gsyP "
by 10"’910[(] “7%5)* 105 °(5) ]
"
where "
a=9,82
b=3.2 , 5 £ 85 mph
10
a=33.7
b=1. 5 > 35mph
X
)
F &
=
x
Enter with Sand E, -2
Exit with
AT ;
4
J-o.s
4

Nemogram A2. Caleylation of Increment a1 due to
Truck Traffic.
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¥+ 2%

1 0.8

TGS

T 0.4

+0.2
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10

Enter with D, using Pivot Point P r

Exit with Ap sl

-20.4-

Use “Free Space" AD scale if the st

angle between the line of sight from A%
the road surface to the observer and the Free Space

terrain is 10 degrees or greater. This scale
is also used for barrier calculations. (See Appendix B),

Equation:
_ D D - 50
bp = -o '°910('§6') - (W)
whare
0= 13.3, over ground

10,0, free space

—+—]
-2

J--28
T

La30
4p
Over Groupd

Nomogram A3. Caleulation of Carrection 4, for Distance,

-}-200

-5 300

S0
R
600
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Enter with W an S

Exit with A W
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0.9

Equation:

0.7 1T

0.7

gz

o‘s-b

04T

ogJ

Nemogram 44, Caleulation of Carrection Factor Aw

No simple equation exists
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for Road Geometry.
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1 1
4 i
i 48
T » Ty
I Iap
+ A
I (Leq, = Leq
T
T 70~
Equation:
70 L q
i 01 (loleq‘/w * loteqz/m)
= Q
]L Yearotal %0
4.
T 60
T Note: Laq] is to be the higher of the two nolte
60_-: levels being combined,
T 5
1 )
1 “Qiotal
s0-L.
Leqy

Nomogram AS5. Nemogram for Combining the Noise Levels from Two Highways
Alé :

"t

2

N S VA




L S S

APPENDIX B

Barrier Nemogram Procedura

If thete is a barrier alongside the highway, or if the highway is depressed,
the result will generally be a reduction in noise level, The effect of the barrier will
be different for cars and trucks because of the different noise characteristics and noise
source |ocations and the two types of vehicles. The barrier effect is incorporated into
the highway noise nomogram procedure presented in Appendix A by the mechanism of
modifylng the actual number of cars and trucks in order to achieve the applicable
hoise reduction. If there is more than one froffic lane, the fellowing procedure must
be applied to adjust the car and lruck volumes in each lane. If many lanes are involved,
the calculation can be lengthy. Simplifications in the procedure are not feasible, how=

aver, because shielding is very dependent on the geometry, Unacceptably large errors
could result if lanes were grouped,

Data required for the barrier calculation, in addition fo that specified in
Appendix A, are listed in Table B!, Additional quantities used in the procedure are
listed in Table B2, Figure B~ illustrates a highway=barvier situation and the symbols
used tn the nomogrom procedure,
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Table B!

Input Data ltems Required For
Barrier Nomogram Procedure

Variable Meaning Unit
Do Horizontal distance from observer to barrier, feet
DH Horizontal distance from barrier to center feet

of lane.
D Total distance from observer to center of feet

lane,
HB Barrier height, relative to road surface. feet
HO Observer height, relative to road surface. feet
98 Barrier included half-angle. degreas

Table B2
Symbols Used in Barrier Nomogram Procedure
Stap Number

Variable Meaning In Which

Variable Is Defined

finding path length difference
& Path length difference

Hcrir Critical barrier height

Barrier Factor | "Adjustment" to troffic flow
volumes due to barrier

Q' Adjusted vehicle flow for cars

T Adjusted vehicle flow for trucks

a,b,c Intermediate quantities used in 1,2,3, respectively

Note: The quantities a,b,c,6, and Barrier Factor are elsewhere referred to with
subseripts C and T danoting cars and trucks, respactively.
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Bartier

a) Roadway and Barrjer Cross-Section. Heights are Measured From
Road Elevation,

——..-n_-——..—-a_n—_—_.—-.-——n—-—.—n.—--—-—u—

Roadway

m Barrier

Obsarver

b} Roadway Plan

Figure B~1, Dimensions for Barrier Procedure,
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The following points should be noted with regard to these data:

The barrier height, HB' and the observer height, HO’ are always meas-

ured relative to the roadway. Thus, in the case of an elevated highway

sectfon with no side barrier, the borrier height would be the same as the

roadway (typically) which yields a barrier height, HB = 0, The obsarver
height would then have {typically) some negative value.

For a depressed highway, the barrier height would be equal to the height
of the ground level above the depressian. The observer height would be

greater than the barrier height.

BB, the barrier-included half-angle, is one~half of the angle subtended
by lines of sight from the observer to the ends of the barrier. For an infinite

barrier, GB = 90°% [Ff the barrier does not cross the closest line of sight to

the road, shielding will be less than 3 dB, and is nat of any useful benefit.

The bulk of the barrier caleulation invelves finding the path length difference &

os defined as:

6=~ A+ B -C

where A, B and C are defined in Figure B-2.

A —@ Receiver

Figure B-2, Illustration of Path Length Difference (6 =A+8 - C),
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Because cars and trucks have different effective source heights, 56 must be computed

separately for each,

Path length difference may be computed either of two ways, depending on

whether a ealculator is aveilable.

1. If a calculator with square root function is available, use the following

equation:

_ 2 27t 2 27% 2. 27
5= [(HB- Ho) + DO] + [(HB - HS) + DH] - [(Ho - Hs) + D ]
where HS Is the source height:

n_ = |2 feet for cars
S 8 feot for trucks

2. If a calculator is not avallable, use Nomograms B1 and B2, Worksheet B
may be used to record the procedure, which is as follows:

STEP 1 Enter Nomogram B1 with D0 and HB- HO to obtain the quantity a.

STEP 2 Enter Nomogram B2 with DH and Hg to obtain the quantity b, QObtain
separate values for cars and trucks, Note that HS is not needed, as it is

built into the nomogram, and that there are separate scaies for cars and trucks,

STEP 3 Enter Nomogram B2 with D and HO to obtain the quantity ¢, Obtain

separate values for cars and trucks,
STEP 4 Compute § for cars and trucks:
§=a+b.-c¢
Note that a, b and ¢ are ralated ta, but not the same as, the distances

A, Band C.

The calcuvlated valua of § is always positive, However, because shialding for
a given value of § depends on whether the direct line of sight {C in Figure B=2) is broken,
the following sign convention Is adoptad:

BS




¢ 5 is positive If line of sight C is broken by the barrier.

® 6 is negative if line of sight C is not blocked by the barrier.

Whether or not line of sight is blocked may be determined from the geometry. Alterma-

tively, Nomogram B3 may be entered with H o and DO/DH fo obtain Hcri ¢ the eritical
barrier height which just touches the line of sight. IF HB > Hcr“, b is positive. If

HB < Hcrit' 6 is negative,

STEP 5 Enter Nomogram B4 with the barrier half angle 2 g and each valve of 6
to obtain the barrier factors,
If a finite barrier is not symmetric, divide the road into two segments

at 6, = 0 and treat as two separate roads.

STEP & Multiply the car and truck volumes in each lane by the corrasponding
barrler factors. Add these over all lanes to obtain the adjusted traffic

L]
volume Q . Sum the values (volume times barrier factor) for trucks to

obtain the adjusted truck volume T'.

STEP 7 Follow the procedure of Appendix A, using Q' and T' In place of @ and T,
When obtaining A D from Nomogram AJ, use the "free space" scole,
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WORKSHEET B

BARRIER NOMOGRAM PROCEDURE
{See Text for Step-by-Step Instructions)

REQUIRED DATA
Horlzonta) Distanca from Claerver to Boreler, DO L] ft
Hewlzontal Distance from Barrier o Center of
Naares! Lope DH = ft
Total Distonce from Observer to Center of Noarast
Lana (D +0,.) D L] ft
. O "H ————
4 Barrler Helght, Relative to Road Surface, Hy = i
j-" Obsarver Helght, Relotive to Road Surface, H0 - i
; Barrior Ineluded Half-Angle fg " degroes
STEP 1
Hy-Hy = It
o -
: STEP 2
‘ ‘ bp v
I': hT L]
Y STEP 3
I‘ e "
‘.".{ g' L]
o
§ STEP 4
" b = fa= y4(b.= b-le.m )= ft
é {from STEP 1} from STEP 2) [from S1EP 3}
4 & = o= )+ (b, = )-t:t- I ft
{from STEP 1) firom STEP 2) {from STEP 3)
y w
o . H H
& i, - erlt =
r By, CAR "rauck
'.- IFH, »H _then 8. Is poiitiva; ele 8, 11 negative
; b ""CAR‘ o} C
.' : 1t Hy > H“"‘I’RUCK' then & Is positive; elie 8. it nogatlve
Clrcle the
: } 8 -:.’ bf .i }App.-oprinle Slgns
: - STEP 3
Borrler Foclbrc -
W Baxeiar Foctory =
: sreee
H Q'=(Qs ) x {Barrier Faclore = ) - e
i ) (1ot vehic es/hr) {from STEP 3)
! T'a{la )x (Barrler Foctory = } o e
N (trock/Rour) (ffom S1EP 3]
g STER 7
Procasd to Mamagram Procedurs in Appendix A using Q' and T' for @ and T, respectivaly.
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Exit with a.

Equation: ses text
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i Mg e s T

1000 _ 10
vood_ i
8003- T
700} 1
600-}- T
5001L T3
400-F T
¥ 50 La
300~ 40 50
T g
2007 3 T
1’ 1. a0
I 0
oL Cors s .;-':— 25 Trucks 410
501 4 4
80 T T
70F iy 1
60—_]:- 10—+ 18
50— 94 17 oS
0l 8 T b1 4
S 73 15
30 s M i
¥
I 4 13 A
203~ :
1 {12
10— -1+0.
D, 4
b Sl I
—-0.05
Enter with DH and HB' Z.SH—- 10.5
Exit with b and b.. B T
C T H
Enter with D and HU © -b»-0.0Z
Exit with ¢ and Co Equation: see text c

Barrier Nomogram B2, Calculation of the Quantities "b" and "c”.
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a4
=21 ¢ 204-2E
04 8 18424
24-10 24
4412 U-t22
sT U 12--20
Cos T Trucks Truck
8114
10-- 18
12~ 20
u42
16 24
18424 o 8
) - 28 w24 6
z--30 e
Ho Hcrlf
Po
Enter with HO {on car scale) and —=.
D
H
Exit with H it for cars.
en D Equation: see text

Enter with HO {on truck scale) and —q.
Py
Exit with H_ .. For trucks.
erit

Barrier Nomogram B3, Caleulation of the Quontity Hcm.
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Barrier 5t
Helf
Angle, 8

Equation:

No simple equation exists

goel.

Enter with Bﬂund 6C'
Exit with Barrier Factor (car).
Enter with BBund ﬁ.r.

Exlt with Barrier Facter (truck).

Barrier Nomogram B4. Calculation of Barrier Factor,
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APPENDIX C
Computerized Highway Noise Models

There are presently three highway noise models available as computer programs
which are employed by Federal agencies. These are the NCHRP,.C'I TSCC2 and RDGC3
models, used by the Federal Highway Administration (FHWA).  In addition, Wyle
Loboratories has developed a computerized highway noise model for use in environ—

mental planning which we will call the Wyle model,

NCHRP Model!
C5,C6

This madel was originally designed as a series of nomegrams and charts;
however, a computerized version is currently available from FHWA. The model pre-
dicts L50 and LIO noise levels, at a given point, due to ane or several highways,

The levels are based on calculations from a semi~empirical traffic noise model, Data

requirements for this medel are:

e Traffic volume, speed, ond percentage of heavy vehicles.

e Highway locatiens, elevations and/or depressions, and gradients.
s  Highway surface roughness.

e locotion of traffic controls,

& Highway width (number of lones),

e  Receiver locations.

&  Barrier locations and grometry,

The basic calculation of the program is for LSO from each highway. LlO is then
obtained from Leg by applying adjustments based on the statistics ond geometry of the
traffic flow. Due to limitations in the statistical medel, caleulations for low truck
volumes or interrupted flow may be of questionable accuracy. The combination of
several highways of similar noise output, or the presence of barriers, in certain cases,

may also reduce the reliability of the L'IO calculation,

ct




T5C Model

This mode! can handle the same multiple road and complex barrier configurations
as the NCHRP model. The bosic calculation is in temns of Leq' however, which allows
predictions to be accurate for low traffic volumes ond complex read configurations, In
addition to Leq’ the program also computes LIO’ L50' L90, LNP*’ and A-welghted
octave band levels, The statistical metrics are obtained by applying theoretical edjust-
ments to L . The accuracy of the statistical metrics is decreased in complex situations,

although not so much as with the NCHRP model because of the reliability of the basic
L, caleulation. The basic input data is similar to that for the NCHRP medel, with the

addition of topegraphy and ground surface acoustical properties, All locations must be
specified in three-dimensional Cartesian coordinates, \;fhich can make jnput data quite
lengthy .

This model allows for reflection of sound from surfaces, and includes o calculotfion
of ground attenuvation. The ground attenuation medel is extremely crude, however, and
must be regorded as opproximate, Individual vehicle noise levels femn the basis of the

L, caleulation, The user has the option of specifying vehicle noise levals other than those

provided with the program.
Revised Design Guide (RDG) Methed

The Revised Design Guide is o composite product of the NCHRP and the TSC
prediction methods ~ the two methods outhorized by the Federal Highway Administration
for use on federal-ald highway projects. The Revised Design Guide (RDG) supplements
these two authorized methods with experimental dato and additional mathematical

structuring to extend the prediction validity to low~volume traffic situations.

In brief, the RDG structure consists of an L]O nomogram (similar to the TSC nomogram
but with revised vehicle source data and revised distance correction), a barrier nomo-
gram, and a series of worksheets — all leading to a hand-method caleulation for simple
madway geometrics. As a partner to the hand methed, the RDG includes a computer
program {similar to the TSC program but with revised source levels, variable propagatien
drop-off, revised low-volume mathematics, segment adjustment and many other factors)

for the detailed prediction of roadway noise levels, both for complex roadway geometrics

*Noise Pollution Level
C2




and for detailed barrier design. In addition, this computer program contains a diagnosis
capability that pinpoints "hot spots” along the roadway and enables the user to balance
any barrier design up and down the roadway, to aveid under- or over-design of expensive

roadway barriers,
Wyle Model

This program takes a different approach from the NCHRP and TSC models in that
only one straight road is considered, but detailed lane and traffic information may be
specified C4 Curved and/or multiple roads can be accounted for through usage of the .
nomogrum method described in Appendix A, The program is written in Super Basic, o
conversational language, and is designed to be used with a minimum of instruction .
Taking advantage of the conversational format, "full" and “simple" versions are incor-
porated into the same program. After requesting the number of lanes, lane width, and =
median strip width, the program requests traffic information. The following data may be 1

supplied in either a full or a short form:

s Troffic flow and truck mix: lane by lane, or ene total for each direction.
s Speeds: by lane and vehicle type, or one speed for each direction.
¢ Vehicle noise levels: values may be specified for up to four vehicle types, or

use values for cors and trucks in progrom.

The noise level is caleulated in terms of Leq for specified distances from the
highway. The ground attenuation may be specified in terms of @ number of dB per doubling
of distance from the highway. This form of ground attenuation loss is @ good approximation

for distances up to several hundred feet. After running the program, any or ali of the input

data may be changed at the user's option to test different cases.

Comparison of the Models

In using the noise models described ubove, it may be found that different models
often-provide different values of the noise level. This is due to differences in the way the
computation is performed, There is no simple factor that can be applied to relate the noise

levels computed by the various medels because the differences are strongly dependent on

‘the highway conditions, A detailed comparison of the three models has been mode in

Reference C7, A series of charts are presented which may be used to estimate differences
omong the three models for any specific coss,
c3
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c2.

ca.

C4,

Cs.

cé,

C7.
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APPENDIX D

The Effect of Motor Vehicle Noise Regulations
On Highway Noise levels

The method of computation described in Appendix A is based upon the existing
noise levels produced by qutomabiles and trucks. In the future, these levels will
undergo a change as o result of vehicle emission regulations promulgated by EPA,

At the moment, there are two such regulations, both relating to medium ond heavy
trucks, The first limits the nolse produced by trucks as they operate on the highway,
and is expected to have the effect of reducing the average 50-foot pass-by truck noise
level about 2 dB by mid~1977, assuming 95 percent compliance with the regulation o
The second regulation limits the noise emissions of newly manufuctured trucks, and

will result in gradual reductions as older trucks are retired from service and replaced

with new ones,

The effect of these changes on highway noise levels can be estimated. At the
moment, 50~foot puss=by truck noise levels are between 15 and 19 dB greater than
automobile noise levels? 2 Due to this dominance of truck noise, the reduetion in
highway nolse levels due to reduced truck vehicle noise levels will be gpproximately

as shown in Table DI for speeds less than 35 mph.,

Table D1

Reduction in Highway Noise Level
Versus Reduction in 50-foot Passby Level

Reduction in Approximate Reduction In
Average 50-foot Passby Highway Neoise Lavel
Truck Noise Level from (L or Ld )

January 1976 Leval € (d8) n
(dB)
Truek Mix
5% 10% 20%
2 1.5 2
2 3.5 3.5
-] 4 5 5,
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The appropriate U.S. Environmental Protection Agency Regional Office should
be consulted — prior to the use of Table D1 — to determine the proper 50-foot noise level
reduction achieved at the time. At higher speeds, the reduction in average noise level is
generally 1dB or less. Thus, by maintaining current information on average truck noise
leve!ls, one can develop an additional negative correction accounting for quieter future

vehicles which will allow use of the nomogram and screening methods well into the

future.

1t should be noted that us highway noise levels are reduced through more
stringent regulations, FHWA is expected to revise their design level standards accordingly.
Thus, the nacessity for noise abatement meosures will, in the future, remain of vital

importance in the planning and design of our nation's highways.
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