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SECTION I

HUSH PROGRAM (BARRIER COMPONENT) GUIDANCE MATERIAL

INTRODUCTION

One of the U.S. Environmental Protection Ageney's operational goals is to contribute
toward the immediate reduction of environmental noise exposure of L dn‘ larger than 75
dB. EPA has assisted people exposed to those levels from highway noise under its
authority to regulate new products, to label products, and to assist States and localities

to control and abate noise.

Computer simulations indicate that significant noise exposure reductions can be
achieved through source controls, ineluding Federal noise regulations of new vehicles,
State and loeel government vehicle repguiations, and enforcement of vehicle-specific
noise regulations and codes, These simulations also indicate that despite all of these
measures to quiet noisy road vehicles a great number of people will remain exposed to
noise exceeding L dn 75 dB. Maoreover, many people in noise-sensitive institutions like
schools, hospitals, and old age homes, who deserve or desire extra quiet are likely to
suffer from noise exposure greater than L dn 65 dB. These two conditions are referred

to as noise "hot spots.”

EPA's position {3 that since hot spots cannot be eliminated with new product emission
regulations, path and receiver controls must be considered.

Except for the common characteristic of people suffering from high noi.se levels, every
hot spot is unique. Conseguently one cannot present a universal fine-tuned solution for
each individual situation. Rule of thumb solutions applying to certain situations (see
Exhibit I-1) are, nevertheless, helpful to sift control options and arrive at a set of

reasonable eontrols.

Rather than addressing all possible solutions to hot spot programs, the purpose of this
paper is to examine the noise barrier (including berms) solution for highway noise hot
spot problems. Exhibit I-1 demonstrates that noise barriers are most appropriate when

"
L .. is the 24-hour average-energy sound level expressed in decibels, with a 10-decibel
pgﬁ'alty added to sound levels between 10 p.m. and 7 a.m.

I-1
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Noige Problem

High Population

Low Population

Density Density
High Rise Low Rige
Buildings Buildinga
Free Limited
Access Access
Highway Highway
Traffic Quieter Barriera Insulation Land Use
Keatrictions Pavement Ylanning
(eR., lower speed limit)

EXHIBIT 1-1: ALTERNATIVES FOR HIGHWAY NOISE REDUCTION
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dealing with hot spots in densely populated areas, where people are living in low-pise
buildings in the proximity of limited access highways.

The primary focus of this paper is to help individuvals living in hot spot areas to
understand the relationship between noise and their well being, and, at the same time to
give them and those who are willing to help them, the tools to motivate those
individuals and government agencies who can be instrumental in providing relief.

Seetion I (Noise and Henlth) is designed to explain briefly what is eurpently known
about the relationship between noise and health. Such information should (1) help those
people currently living behind barriers to appreciate their noise protection, even though
there may be some aspects of barriers not desirable to them, (2) make others without
any protection aware that noise is a health problem and prompt them to investigate the
problem and seek avenues for relief.

Section I, "An Introduction for Potential Participants in Hot Spot (Barrier) Programs,"
is designed to help people who suspect that they are living in a hot spot area to assess
the problem and to give them specific guidance toward a solution, This section defines
a hot spot, and gives the reader & set of simple tools to ascertain whether or not the
area of concern to them is a hot spot and if barriers are a likely solution. In addition, it
advises the interested parties how to proceed to put the machinery in motion to attain
barriers. Consequently, this section contains case studies so that potential participants
in the hot spot {barrier) programs can benefit from others' experiences.

Section IV entitled, "Evaluation and Documentation," presents various technical mate-
rials to people who need them, like individuals or groups who become involved in
motivating others to plan barrier construction or even those who actually become
involved in the barrier construction process, The material is composed of discussions
related to: (1) the noise evaluation process; (2) economie cost and benefits of barriers;
(3) acoustical and non—acoustical considerations of barrier selection and eonstruction;
and (4) finaneial details of barrier eonstruction.

Section V entitled, "Hot Spot Program Evaluation," stresses that a report card-type of
record should be established and brought to the attention of the publie and elected and
appointed officials. This record should include: (&) stretches of highways identified as
"hot spots"; (b) the number of problems that can be addressed effectively by barriers;
(e) those areas properly treated at various times; and (d) an attitudinal and physical

before-and-after survey.

1-3
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Section VI entitled, "Hot Spot Identification and Aerial Photographs," identifies likely
hot spots along major highways in Standard Metropolitan Statistical Areas (SMSA's) with
populations greater than one million. This list was computed from existing traffic data
and is therefore only an indication of the megnitude of the noise problem. It ean be
used in the report-card type of exercise deseribed in Seetion V and should be sugmented
when additional data become available,

The =aerial photographs for some of the noisier hot spots indicate that there are
residences along these stretches of the highways that need attention immediately.
Other stretches need to be protected against encroachment by residences; while still
others appear to be compatably zoned or used.
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SECTION IT

NOISE AND HEALTH

A. THE NATION'S NOISE PROBLEM

What Is Noise?
Unpleasant or annoying sound is defined as noise.

Whether a sound is considered ncise or not is a subjective decision depending on
individual perception and taste. A sound that is loud, and harsh, inharmonious, and
painful to one person's ears may be musie to anothet's. For example, the sounds of a
powerful automobile engine may evoke a sense of well being or pride in some people,
However, to most people trying to relax, talk or sleep, that same sound is noise,

How Is Noise Measured?

The noise exposure measure recommended by EPA for all community nolse studies and
planning is the Day-Night Average Sound Level (Ldn). Ly, is the 24-hour energy
average sound level expressed in decibels, with a 10 decibel penalty applied to noise
oceuring between 10 p.m. to 7 a.m. "L" in the expression stands for energy average
noise level, "d" for day and *n" for night.

A similar, commonly used noise measure is the Equivalent Sound Level (L eq(2 4)). This
measure represents the sound energy averaged over a 24~hour period with no penalty for

nighttime noise.
How Much Noise Is Considered Damaging?
In general, when the noise exceeds an Leq (24) of 70 dB, listeners will experience severe

annoyance and a potential hearing loss. Noises of L dn 3 dB or greater outdoors, or 45
dB or greater indoors usually produce activity interference and meoderate anncyance.

-1
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How Extensive Is the U.S. Noise Problem?

Well over 100 million people, nearly half the U.S, population, live in areas where noise
exceeds 55 dB, a level that may produce activity interference and annoyance. People
who are exposed to significantly higher levels are likely to experience severe annoyance
and hearing loss.

Urban traffic is by far the most pervasive cutdoor residential noise souree. It should be
noted that the figures contained in the table for each source represent the number of
people exposed at or above a given level for the source in question and do not take into
consideration that an individual may be simultanecusly exposed to more than one
source, culminating in a higher total exposure.

B, THE EFFECTS OF NOISE ON HEALTH AND WELFARE

Noise endangers health and well-being in many ways. Most obvious to everyone is
hearing loss caused by exposure to Ioud noise. Noise loud enough to cause hearing loss
is everywhere — in our jobs, our recreation, and our homes. More than 20 million
Americans are estimated to be exposed daily to nolse that is permanently damaging to
their hearing. Most hearing loss is gradual, becoming worse with time. It is
irreversible, and can be handicapping. Associated with hearing loss ean be discomfort,
pain, and tinnitus (irritating ringing or roaring in the head.) As heatring loss worsens,
severe feelings of isolation set in. The person with hearing loss feels cut off from the
rest of the world.

Noise-induced hearing loss is not just the result of industrial or occupational noise.
Noise levels in rhany urban settings, homes, recreational areas, and many transportation
vehicles exceed the levels which can cause hearing damage over prolonged periods,
especially in combination with other occupational and environmenial noise. For
example, researchers have discovered that hearing difficulties in children are likely by-
products of noisy schools, play areas, and homes. High frequency hearing impairment
has been measured in college~age persons, some of it attributable to recreational
activities. Indeed, environmentally-induced hearing loss affects people of all ages in a
wide spectrum of activities in eountless settings.

The prevalence of community annoyance or response due to noise exposure throughout
American society is known in considerable detail. General relationships of overall

-2
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eommunity response to noise {the central tendency of large numbers of groups of
individuals) have been derived and accepted scientifically. Secales of varying com-
plexity, some directly readable from simple instrumentation, others requiring complex
computations, are commonly used to predict the annoyance of a great many noise
sources. The combined effects of pure tones and duration of sounds, among other
factors, are known to influence annoyance reactions to noise. Nonacoustie factors,
such as attitudes toward noise sources, or the particular activities disturbed, can affeet
both individual and eommunity reactions to sound. Annoyance due to noise exposure is
not only restricted to neighborhoods near airports, highways, and other major noise
sources, but that exposure to levels typical of many urban environments also produces
widespread annoyance. Noises associrted with automotive sources (e.g., street traffie
noise} are the most universal sources of annoying noise exposure in urban Ameriea.

As a stressor, noise initiates automatic and unconsecious physiological reactions known
as the classie "stress response.” Blood pressure rises, heart rate and breathing speed up,
muscles tense, hormones are released into the bloodstream, and perspiration increases.
People do not stop responding physically to noise. Regardless of & person's conscious-
ness of the noise, these biological responses oceur,

Noise levels below those necessary for hearing damsage can cause these effects., Studies
suggest that regular exposure to noise could lead to diseases of stress such as uleers and
high blood pressure, although sufficiently conclusive field studies have yet to be
eonducted. Noise may even lower people's resistence to disesse and infection, or
aggravate existing disease by disrupting restorative rest and relaxation.

A number of epidemiological studies of noise in the workplace link the presence of noise
with the incidence of cardiovascular disease. These results are mirrored in the
preliminary findings of a study on Rhesus monkeys now being conducted jointly by the
National Institute of Environmental Health Sciences (DHHS, formerly HEW) and EPA,
Heart disease and strokes cause 48 percent of the deaths in the United States each
year, and to the extent that noise is linked to an increased incidence of these diseases,
the public health implications could be very serious, The quantitative relationships
between noise and cardiovascular disease await more definitive research.

Noise interferes with sleep. For many people, this is not an occasional event but rather
one which happens night after night. By causing either awakenings or shifts from
deeper to lighter stages of sleep, noise effects the quality and quantity of sleep. The

-3
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health and performance implications of such disruptions in sleep are not yet known, but
survey results do show that interruption of rest, relaxation, and sleep is the underlying
cause for many complaints in noisy communities.

Even the unborn are not immune to the effects of noise. Loud noises have been known
to cause changes in fetal heart rate and may pose a threat to fetal development. In
particular, some studies have shown a high proportion of low birth weight babies in
noisy areas. Of increasing concern is how noise and other assoeiated environmental
agents affect the growth and development of children., The primary activity of
developing children is, of course, learning. If children are required to speak and listen
in a noisy environment, they may have difficulty acquiring esSential eommunication
skills, In the schools, reading ability may be seriously impaired by noise, and the
impairment becomes more pronounced with increasing exposure. Aireraft, traffie, and
railway noise ceuse severe educational disruption in many schools in this country,
interfering with learning, attention, and performance,

Disruptions in job or work perforrnance are oftentimes attributed to noise. Changes in
noise level, either inereases or decreases, may have adverse effects on performance.
Tasks requiring simple repetitive operations maey actually be unaffected or even
enhanced by the presence of noise. On the other hand, most performance decrements
have been found on complex tasks that require activity, prolonged attention, or the
accomplishment of two or more simultaneous operations. The presence of noise has
also been found to reduce the accuracy of performance, and tends also to increase the

variability of work rate.

Whether in the schools, home, or workplace, indoors or out, one of the most bothersome
aspects of noise is its interference with conversation. We must frequently speak up to
be heard or ask others to do so. People are forced to stop talking or to change the
content of their communieations, and usually must repeat themselves. For milllons of
Americans in noisy urban environments, the use of outdoor areas for various forms of
work or relaxation Is virtually impossible because of difficuities in communieation,
Because of frustrated efforts to communicate, lifestyles defieient in expressions and
social interaction are not uncommon,

A booklet, "Noise: A Health Problem," provides more detail on the effects of noise on
]
health and well being,

»
Copies can be obtained from the Environmental Protection Agency, Office of Noise
Abatement and Control (ANR-471), 401 "M" Street, 5.W., Washington, D.C. 20460.

II~4
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C. PREVENTION OF NOISE INDUCED HEALTH PROBLEMS

Noise problems can be reduced or eliminated through any combination of the three
basie elements of the problem:

s By modifying the source to reduce its noise output

() By altering the transmission path to reduce the noise level reaching the
listener

& By altering the receiver's exposure either through limiting the exposure

time or by providing personal protective equipment.

The first of these methods i3 preferred since it results in a real reduction in the noise
emitted, Mufflers and silencers are the most common devices for accomplishing this
type of reduction with highway noise. However, even after motor vehicles are
effectively muffled and are equipped with well designed tires that are safe and
relatively guiet, their noise emissions are still high, particularly at high speeds and on

wet pavements.

The second form of noise control is interruption or attenuation of the sound in its path
to the listener. Noise barriers and berms are in this class of controls. Moving people
away from the source of noise ar preventing their building homes near the source is
another way of interrupting or lengthening the path of the noise.

It may be technologically impossible or economically unfeasible to solve a noise
problem by modifying the source or altering the transmission path. If so, exposure to
noise ean be reduced at the recelver, either by limiting the amount of continuous
exposure to high noise levels or by using personal hearing protectors.

Hearing protectors may be either earplugs or muffs. Earplugs cen be made of soft
flexible plastie, wax, paper, glasswool, cotton, or mixtures of these materials. To be
effective they must provide a snug, airtight and comfortable seal. Muff-type
protectors cover the entire external ear and generally provide greater protection than

do carplugs.

li-5
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Hearing protectors should be used only as a last resort. They do not solve the problem;
they only treat its symptoms, and may be a safety hazard in themselves.

References

Office of Noise Abatement and Control, U.S. Environmental Protection Agency, Noise
Effects Handbook, 1979.
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SECTION III

AN INTRODUCTION FOR POTENTIAL PARTICIPANTS
IN HOT SPQOT (BARRIER) PROGRAMS

A. IDENTIFICATION OF A HOT SPOT

Many people live close to busy highways and are bothered by nolse, Resources available
to reduce their noise exposure are Iimited, so criteria have been established to choose
the most serious situations that may qualify for assistance by Federal, State, and local
governments. The primary criteria sre sound levels & messured with special
instruments manufactured for this purpose,

This section describes sound level measurements and states the criteria that define a
hot spot. It explains what citizens can do to determine if their highway noise situation
is a hot spot and what they can do to reduce the noise if it is. The situations to which
noise barriers &re applicable is described, Case histories of barrier programs in
Mar yland, Minnesota, Virginia, Wisconsin, and Pennsylvania are included as background
informaton.

Noise Measurement Terminology

The dB's of Noise Messurement

How do we measure sound? Sound is a form of energy which is transmitted through the
air and received by our ears.

Technicians have found it convenient to use a logarithmic scale to describe the
extremely wide range of energy levels which we perceive as sound. The logarithmie
unit is expressed in decibels {(dB).

Since decibels are logurithmic units, sound levels cannot be added by ordinary
arithmetie. For example, if one jet produces a sound level of 90 dB when it passes
overhead, two simultaneous jet flyovers would not produce 180 dB. Two jets, each with
a sound level of 90 dB, would have a combined level of 93 dB. Other sound levels
combine similarly as shown on the chart below.
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Decibel Addition Rules for Combining Sound Levels
(approximate only)

When Two Deeibel Add the Following
Values Differ By: Amount to the Higher Value:
QorldB 3 dB
2or3dB 2ds
4to9dB 1d8

10 dB or more 0 dB

Al Weight‘ing for the Human Ear

The human ear responds more sensitively to some frequencies than to others. Sound
measurement devices have been designed to account for the characteristics of the ear
through the use of special electrical weighting networks. The most commonly used
network — the A-weighted one — approximates the manner in which the human ear
responds to sound. This unit of measurement is commonly referred to as decibels
measured on the A-scale or dB(A), or simply sound level.

The scund levels of common noises are:

Sound Levels dB(A) Sound Sources
130 Air raid siren at 50 feet
110 Live roek musije indoors
100 727 on takeoff, at 1/4
statute mile
80 Busy street corner
80 Garbage disposal
70 Vacuum Cleaner
60 Ordinary econversation at § feet
30 Watch ticking
10 Rustle of leaves
-2
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The above examples all reflect sound levels generated by specifie single noise events.
In reality, one's noise exposure during any day is a composite of many different

exposures,

The cumulative exposure measure recommended by EPA for all community noise studies
and planning is the Day-Night Average Sound Level (L dn)'

L dn 5 the 24~hour average sound level expressed in dB(A), with a 10 decibel penalty
applied to noise events from 10 p.m. to 7 a&.m. The penalty for nighttime noise events
accounts for the increased sensitivity of most people to noise in the quiet nighttime
hours. "L" in the expression stands for average nolse level, "d" for day, and "n" for
night with a 10 dB penalty added.

*
What is a Hot Spot?

Definition

EPA established a goal to reduce to zero the number of people exposed to outdoor
levels of L dn equal to or greater than 75 dB before the year 2000. Therefore, the noise
level eriteria for hot spots are Ldniqual to or greater than 75 dB in ordinary residential
areas and Ldrrequal to or greater than 65 dB in noise sensitive areas such as those
around nursing homes, hospitals, sehools, or places of worship, if the windows are likely

to be open.

The two most important factors in determining whether a highway noise situation
will meet the eriteria for & hot spot are the volume of traffic and the distance
of the residents from the highway's edge. Information concerning the fraction of
the traffic volume that is composed of heavy trucks and the average vehicle speed
on the highway alsc are important,

State and local governments maintain records on traffie volume for most highways
within their boundaries. The traffic volume is usually measured with a counting device
connected to a pneumatic tape or tube that is laid across the roadway for a few days
and is stated as the average daily traffic (ADT). The hourly distribution throughout the

day is not ordinarily known.

Y

*
Some of the material in this section is repeated in Section IV so that the two can be
read {ndependently,

m-3




—swr T BTIIE AW LDIO

Information on the fraetion of traffic composed of heavy trucks and buses is valuable,
If the fraction is not known, average figures for like roads ean be used, Unless the
highway is a designated truck route, the fraction of heavy trucks will rarely exceed 10
percent. The nationel average figure for heavily travelled highways is 8.5 percent.

If the ADT is less than 10,000 vehicles and the heavy vehicle fraction is 8.5 percent, it
is very unlikely that the noise level at an abutting residence will exceed L, = 76 dB.

The norrmgr&\ph1 in Exhibit 1V-1 provides a handy method for estimating the Lin from
easily obtainable data and is suffieiently accurate for use as a sereening device, The
nomograph is used as follows:

1) Draw a line from the annual average daily traffie on the left (for
example, 10,000 vehicles) through the percentage of the traffic that is
heavy trucks and buses (say, 10 pereent)., This Is line 1 in the example,
Mark the intersection of this line with the pivot line on the left,

2) Draw a line from this intersection to the speed limit on the streteh of
highway under consideration (50 mph in the example). This gives line 2.

3) Draw a line from the intersection of line 2 with the pivot line on the right
to the distance seale on the right. This gives line 3.

4) The intersection of line 3 with the sound level scale will give the
estimated L 4.

In the example line 3 intersects the sound level scale at between 66 and 67 dB, clearly
less than 75 dB. Therefore, the ease which this example represents probably would not
qualify for & hot spot project, except possibly in noise sensitive areas such as hospitals
and school zones.

If the planner experiments with the nomograph he will find that a large traffic voluine,
a high speed, and a short distance from the highway to the residence are usually
required to achieve a 75 dB hoise level, Special cases such as heavily travelled trucik
routes with 30 to 40 percent heavy vehicles, highways extraordinarily close to
residences, and highways with heavy volumes of nighttime traffic are the best

lrrom 3.2, Hajed, "L__ Traffic Noise Prediction Method," Transportation Research
Record §48, National ﬁ%ademy of Sciences, Washington, D, C. 1977,

I11-4
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candidates for & hot spot, The first two special cases are unlikely. Planners
rarely eonstruet truck routes close to residential aress, and homes are rarely located
extremely ¢lose to heavily travelled highways. The last special case is more common,
The nomograph above assumes that nighttime traffic amounts to 10 percent of the daily
traffie. Some formules assume a 16 percent figure. Actual nighttime volumes may
vary considerably from these norms.

Not all hot spots are good candidates for barriers as a means of noise abatement.
Exhibit I-1 shows a decision tree of likely solutions to highway noise problems. The
term "aceess" in this exhibit refers to the ability of vehicles to get on the highway
through interseeting roads, streets, or driveways.

At $100 - $200 per linear foot, nolse barriers are too expensive for use in low population
density areas. In high density areas, if the housing is high-rise or if it is located on a
free access highway, a barrier will not be very effective. The best candidates for hot
spot barriers are high density areas containing one and two story housing adfacent to a
limited access highway.

How Effective are Noise Barriers?

In most situations of relatively open highway through one- and two-story residential
neighborhoods, barriers can provide 5 dB to 15 4B of noise reduction for nearby
residents. The exact amount of noise reduetion that will be obtained at a particular
location from a particular barrier can be ealculated using special eomputer programs
aveilable to highway engineers. A good average figure widely attainable in practice is
10 dB, This amount is easily perceived by the receivers as a significant and worthwhile
improvement in their quality of life, and, if the neighborhood leaders have been invited
to participate in the barrier program, will be an aestheti¢, environmental, and economie

success,

Advantages of Hot Spot (Barrier) Programs

In additian to reducing noise levels, a hot spot (barrier) program may provide several
benefits to the ecommunity. It is compatible with and complementary to other
community noise reduction programs. Barriers may ultimately save the local area
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money since in some cases they are less expensive than other alternatives such as
insulation of residences, relocation of highways or residents, or payment of damage
compensation to residents of properties adversely affected by the noise. Finally,
barriers may actually increase the value of the property and permit the community to
recover part of its installation and maintenance costs,

Limitations on the Applicability of Noise Barriers

Barriers are unacceptably hazardous on portions of a highway that are either very
eonfined or that have very limited visibility, Occasionally, scenic or other considera-
tions will cutweigh the pollution control aspects of the situation.

Developing the Hichway Noise Abatement Plan

Who Will Lead?

We all have a shared responsibility to participate in the efforts which are needed to
reduce the impact of highway noise on our communities and to insure the maintenance
of a valuable highway transportation system.

The technical lead in developing highway noise abatement plans should, however,
logically be taken by the State office of transportation or highway department since
these are the agencies responsible for highway construction and maintenance plans,
Also the State transportation and highway departments are in a good position for
bringing together and consulting with all public and private interests involved in noise
abatement., Successful solutions to a noise problem require participation by all
interested parties.

The Citizen's Need and Right to Participate

Individual eitizens or eitizen groups who want to take part in highway noise abatement
planning - or want to get the proeess started where none exists - may eontact their
elected officinls or persons in the State Department of Transportation. These
individuals are sensitive to citizen eoncern about highway noise.
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However, experience with barrier programs (see the case histories at the end of this
section) clearly shows that the communities in which the citizens have been most active
and vigorous in requesting noise abatement measures have been the communities which
have received the most attention and the most barrier projects. Such communities have
made their eoncern known to officials in their State and loecal departments of health,
public safety, highways, and environment. Frequently they also have obtained the
support of the regional representatives of the U.S. Federal Highway Administration and
the Environmental Protection Agency. The regional EPA offices have very limited
resources with which to assist communities, but may be a source of information. A list
of the regional offices is given in Exhibit M-1.

Affected citizens have the right to participate in the process of finding solutions to the
highway noise impact problem. Decisions about how highways and communities can
best coexist are not matters of technieal judgment alone, They involve value judgments
about the quality of life a com inunity wants, Of eourse, it helps to researeh a problem

before speaking out.

Where to Begin?

If a State or loeal government, private eitizen, or private citizens' group suspeets that
certain areas of a community are suffering from high noise levels, the first step to take
is to determine the location and severity of the problem. This may include reviewing
complaints received by government agencies, contacting complainants, and mapping out
the neighborhoods that appear to warrant further investigation, The investigator might
then obtain highway traffie, speed, and population figures and use the nomograph in
Exhibit IvV-1 to sereen candidates for hot spots, The decision tree in Exhibit I-1 then
may be used to identify the hot spots for which barriers seem to feasible solutions, The
next step is to read the case histories in this Section and Section IV « Evaluation and

Documentation.
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EPA
Region

States

Address

Telephone

v

vl

vl

Vi

X

ME, NH, VT, MA,
RI, and CT

NY, NJ, PR, VI

PA, MD, DE, WV,
VA, and DC

NC, SC, TN, KY,
MS, GA, FL, and AL

w1, IL, M1, OH,
IN, and MN

NM, OK, AK, LA,
and TX
NB, KS, IA, and MO

MT, ND, SD, WY,
UT, and CO

CA, NV, AZ, and HI

WA, OR, ID, and AK

JFK Building
Room 2113
Boston, MA 02203

26 Federsl Plaza
Room 970G
New York, NY 10007

Curtis Building

Room 225

6th & Walnut Streets
Philadelphia, PA 19106

354 Courtland, St., NE
Atlanta, GA 30308

230 S. Dearborn
Chicago, IL 60604

1600 Patterson St.
Room 1107
Dallas, TX 75201

1735 Baltimore St.
Kansas City, MO 64108

1860 Lincoln St.
Suite 800
Denver, CO 80203

100 California St.

San Franeisco, CA 94111

1200 Sixth Avenue
Room 11C
Seattle, WA 98101

EXHIBIT III-1: EPA REGIONAL OFFICES

(617) 223-7210

(212) 264-2525

(215) 597-9814

(404) 881-4727

(312) 353-2000

(214) 767-2600

(816) 374-5493

(303) 837-3895

(415) 556-2320

(206) 442-1220
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B. LEGAL RECOURSES FOR CONCERNED CITIZENS
Introduction

Local and State authorities are usually responsive to the suggestions, demands, and
complaints of public interest groups and individual eitizens. However, these groups and
individuals should be aware that when their demands are ignored or considered only
superficially, they have a right to legel recourse,

Lepgal Obligations of the State

Federal legislation and Federal Highway Administration regulations require states to
study the effects of new federally-funded highwaey construction or highway improve-
ments on noise levels, as part of an overall environmental impact assessment. Applying
FHWA standards, noise reduction measures may be required if the new construction will
cause either 1) a "substantial increase" in noise levels, where "substantial increase" is
usually defined as 10 to 15 dBA, or 2) an exceeding of "design noise levels," defined for
outdoor activities in residential areas as an L1o of 70 dBA (L10 is the level that is
exceeded 10 percent of the time) or an L eq of 65 dBA. States are not required to use
these standards, However, more lenient rules are subject to FHWA approval.

Onee a signifieant noise impact has been established, states must investigate the
feasibility of taking steps to mitigate the noise. All options should be considered, not
just noise barriers. At this stage, the state highway authority will probably held publie
meetings to determine public sentiment on the issue, In most cases, the state will then
act according te the demands of the majority of the affected individuals,

States are not required either by Federal legislation or by regulations to study the noise
effects of highways other than those undergoing new construction.

Options for Citizens

Citizens have a right to contest the decisions of state highway authorities in the courts,
whether those decisions be made in favor of or against noise barriers and whether or not
the citizen be in the majority of all those affected by the highway.

oI-9
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A major case involving this right was that surrounding the construction of a portion of
1-95 in Philadelphia, Pennsylvania. A three mile section of the highway in Philadelphia
Center City was completed in the Spring of 1973, but its opening to traffic was delayed
until Iate August 1979 by conditions of a consent decree signed in December 1975,

The 1975 consent decree was an agreement between the Pennsylvania Department of
Transportation, the Federal Highway Administration, the City of 'Philadelphia, and a
community organization ecalled the Neighborhood Preservation Coalition (NPC)
requiring that noise barriers be constructed, where possible, before the Center City
part of [-95 began to be used end that NPC have final approval of all barrier designs.

Before the signing of the consent decree, the Pennsylvania
DOT had performed noise-monitoring and preliminary noise-
prediction analyses. Under the terms of the consent decree,
the DOT was required to obtain the services of an independent
noise consultant to verify the preliminary analyses and to
determine recommendations regerding feasible types and loca-
tions of noise barriers. A consultant was retained and, after
considerable delays, a final reort was published in December
1977. The report verified previous analyses performed by the
Pennsylvania DOT and recommended various noise-abatement
treatments. In a review of the report by the NPC and the
DOT, the suggested solutions were found to be generally
unacceeptable. Many of the barriers suggested would have
obstrueted the adjacent communities' view of the Delaware
River waterfront, and other recommendations ~~ such as those
involving building insulation and air conditioning — presented
legal and long-term complications and were contrary to the
terms of the consent decree.

After the rejection of the consultant's recommendations, the
DOT and the NPC initiated a series of meetings with the
intention of arriving at an acceptable solution that would
provide the optimum in terms of both noise reduction and
view. It was through approximately 30 such meetings, and 2
large, formal public meetings, that .final noise-barrier loea-
tion, size, and type were determined.

JHarvey S. Knauer, "Noise Barriers Adjacent to 1-95 in Philadelphia," Highway Noise

Abatement, Transportation Research Record 740, Natlonal Academy of Sciences,
Washington, D.C., 1880.

i-10
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As this example shows, private citizens are able to have a large effect on noise barrier
designs, and can even obtain noise reduction objectives in the face of oppsition from

government authorities.

References

Mr. Bob Armstrong
Highway Engineer
Noise and Air Quality Branch
Federnl Highway Administration
Washington, D.C.

Knauer, Harvey 8., "Noise Barriers Adjacent to I-85 in Philadelphia," Highway Noise
Abatement, Transportation Research Record 740, National Academy of Sciences,
Washington, D.C., 1980.

C. DISSEMINATION OF BARRIER PROGRAM INFORMATION

Alternatives for Disseminating Information

Even the best-intended and mast carefully investigated hot spot (barrier) projeet will be
meaningless unless the people who will benefit from it and the people who must earry it
out are aware of it. Therefore, getting information about hot spots and barriers to the
people who must support the progject is a critical part of project planning.

Targets for information on hot spot projects may be one of several types. Loecal
citizenry with no technieal expertise and no bureaucratic authority will be most
interested in general motivational materials and in their abilities and rights to demand
noise barriers and o partieipate in their desipn. Loeal government authorities also will
be interested in this information and may also wish to know more about the costs and
benefits of noise barriers; the experience other places have had with the barriers; and
details on the safety and maintenance aspects of the barriers. At the State level,
where highway authorities will usually be aéquainted with noise barrier programs, the
informational needs are centered on the technical aspects of selecting barrier can~

didates, barrier design, financing, and reviewing the solutions other States have found

to particular problems. Two alternatives for reaching each of these groups are

discussed below.

1I-11
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Media

Private citizens who may need to know about hot spot projeects usually reside in major
urban areas. One of the best methods to reach these individuals with information about
the program is through the media: public service programs on radio and TV stations and
newspaper articles, Information dissemination through the media will reach the largest
audiences, but should be repeated ocecasionally as the residents and conditions in the
area change. Also, any media program should direct the audience to sources from
which to obtain additional information.

Club Meetings and Other Group Gatherings

A second alternative for reaching & large number of people at the local level is to have
knowledgeable individuals make presentations on noise pollution and abatement at elub
or public interest group meetings, churches, and schools. Specific audiences who would
be most likely to become involved in noise abatement can be targeted in this way,
Apgain, it is important for the speaker to make sure his listeners know where they can go
for more information or help in starting & program.

D. CASE STUDIES IN HIGHWAY NOISE ABATEMENT
1. Minnesota
Ovetview

Minnesota has completed about 34 miles of barriers in the past five years, Of the total,
about 26 miles are Type II barriers (for roads that were in existence before May 1978)
and 8 miles are Type I barriers (new or reconstructed roads). The 1975 Type II barrier
program is now nearly complete. Further Type I construction is not ecurrently
programmed.

All of the barriers were tuilt in the Minneapolis-St, Paul area, the major urban area of
the State. Construction priorities were assigned according to the highway noise levels
to which residents of abutting properties were exposed. All barriers were desighed to
give nt least 10 dB of noise reduction. Tests show that the predicted results were
achieved.

o1-12
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History

Although local jurisdietions regularly received complaints about highway noise, it was
not until the early 1970'%s that the Minnesota Highway Department (now part of the
Minnesota Department of Transportation) began to receive complaints about the noise
associgted with limited access highways. State and Federal noise laws were being
enacted during this period and it is possible that some of the ecomplaints were the
results of public appreciation of the fact that noise pollution was going to be taken

seriously.

The Minnesota Highway Depertment began experimenting with barriers in 1972 and
found them effective and feasible, In 1974 the Minnesota Pollution Control Agency set
noise standards, as required by the provisions of the Minnesota Environmental Policy
Act of 1973. In 1975, the State legislature directed the Commissioner of Highways to
abate noise along interstate highways‘ abutting residences in the area around
Minneapolis and St. Paul {the Twin Cities) and required him to use part of the gasoline
tax to fund the program. The Highway Department began an active program of barrier
construction in the Twin Cites area in 1973, In 1878, the legislature placed a
moratorium on Type II projects but passed legislation eontinuing Type ! projects.

Project Planning Procedures

The first activity of the Highway Department after beginning the noise program was to
conduct an inventory of interstate highways that had noise levels exceeding the FHWA
and/or Minnescta Pollution Control Agency criteria. Preliminary plans were prepared
for each of these projects, in order of the pricrities assigned them. Meetings were held
with local officials and the local general publie. Originally, the Department offered
local eitizens a wide choice of materials for the barriers, but experience showed that
some were much more expensive than others. Now if an earthen berm is not going to be
used, the public is offered only barriers which the department is prepared to pey for,
and which fit a visual design continuity plan for that highway. (The logie of this limited
choice is presented below in Technieal Aspects of Minnesota Barriers.) 1f local officials
and the public approved of the Department's intentions, a project statement was
prepared. This statement included maps, an environmental assessment, cost and noise

*Trunk highways were added in 1977.
m-13
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abatement projections, the results of design studies, and plans for public involvement.
If the plan and statement were approved, the project was budgeted and assigned for
execution just like other highway projeets.

The projeet planning proeess used today is outlined in Exhibit II-3,
Acoustical Criteria for Eligibility

Most new cominunity noise level criteria are written in terms of L an? but this measure
has not been used as a criterion for selection of areas for noise barriers in Minnesota.
Instead, the Minnesota Pollution Control Agency sets its criteria in terms of L,p and
L., the levels that are exceeded 10 and 50 percent of the time. For example, if one
measured the immediate sound level in every one of the 86,400 seconds in a day, L10
would be exceeded in 8640 seconds. Only residential areas have been considered. In
that land use, as Exhibit Ill-4 shows, the Minnesota criteria are more stringent than the

FHWA criteria.

The noise levels were measured in every residential neighborhood that abutted
interstate and trunk highways in the Twin Cities ares, Then, a noise level in decibels
was assigned to each of 28 highway sections. Each highway section was then placed in
one of five categories of noise impact. Category I, for example, had daytime Lo levels
greater than 80 <B and/or nighttime levels greater than 77 dB. Each of the other
categories covered the lower levels in steps of 5 dB.

The highest eonstruction priority was assigned to Category I. There were 8.5 miles of
highway {counting both sides of the roadway) in this category and aell have been
furnished with barriers. Lower priorities were assigned in order of decreasing noise
levels. There were 31.5 miles of highway in Category II. Barriers have been built along
23.5 miles, 5.0 miles of proposed barriers were rejected by communities, and 3 miles
remain as candidates for future barriers. There were 45,0 miles of highways in
Category Itl, of whieh 2.0 miles have been furnished with barriers, and 4.0 miles of
barriers have been rejected. No mileage in Categories IV or V has been furnished with

barriers,

Effectiveness

All Type II barriers constructed to date were designed to reduce noise levels by 10 dB or
more and to meet the FHWA standard of L,,=70 dBA or less. Where it has been

o-14
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Federal

FHWA Minnesota Polluticn Control Agency* Highway
LAND USE Category Day (TAM-10PM) _ Night (10PM~7AM) Administration**
Lip  Lgp Lio  Lsp g Leq
Residential, cutdoors B 85 60 55 50 70 67
Commercial, outdoors C 70 65 70 65 75 72
Industrial, outdoors D 80 75 80 75 75 72
Special areas requiring
serenity outdoors A 60 57
Residences, hospitals,
55 52

libraries, indoors )

*®
Sound levels are made outdoors at the point of human activity within the land use that is closest to the sound
source,

**Either the L, or the L, o MY be used on any project, but not both.

EXHIBIT HI-3: COMPARISON OF THE HIGHWAY NOISE CRITERIA OF THE
FEDERAL HIGHWAY ADMINISTRATION AND OF THE
MINNESOTA POLLUTION CONTROL AGENCY
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possible to do so without great extra cost or less of visual appeal, the barriers have
been designed to reach the Minnesota Pollution Control Ageney daytime standard of
Lm=85 dBA or less.

Actual reductions were measured in four locations and noise levels were shown to have
dropped by 11, 12, 13 and 16 dBA.

Management

Though the Minnesota Pollution Control Agency sets the criteria for acceptable noise
levels, the mejor responsibility for the barrier program hes been held by the Highway
Department and the Department of Transportation into which it was merged in 1876.

MDOT conducted the origiml research on noise barriers, chose the areas to receive
highest pricrity, planned and designed the berriers, met with the community leaders and
obtained their support, let contracts for the construetion and landseaping, and followed
up after the barriers were installed withsurveys to determine the acoustieal, economie,
and social consequences of the barrier program. The Department glso investigated
alternatives methods of noise abatement including pavement resurfacing, building
irsulation, and land use planning.

The Federal Highway Administration furnishes teehnical assistence in the form of
reports, analytical studies, computer models, and design guides for different types of
barriers and barrier programs in general but not site specifie designs.

Local Involvement

Community involvement in highway noise abatement planning starts about two months
after the planning process. MDOT representatives first meet with local officials, then
schedule a meeting with eitizens living adjacent to the barrier and other interested
persons to discuss noise abatement alternatives, the location and height of the barrier
and the possible noise reduction. Reaction from this meeting is forwarded to the local
officials with a request for a resolution containing their findings and recommendations.
No barriers are built in areas where residents do not want them.

If the project is approved at the local level, the community will be contected again
before construction plans are finalized, A formal public hearing may be held at this

time.
ni-17
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Acceptance by the public has always been an important part of the barrier program in

Minnesota. One measure of public acceptance is the fraction of the communities that

accept the barrier projeet when it is offered: Out of 43 miles of projects that were

offered, communities accepted 34 miles, just under 80 percent. There was one

rejection of part of a project in Category I, those in areas with the highest noise levels,

The barrier mileage rejection rate was 17 percent (5 miles out of 28.5) for the Category

II projects. Two-thirds of the barrier mileage, 4.0 out of 6.0, was rejected in the
Category Iil projects.

A second measure of public acceptance of the barriers is the attitude of residents who
are affected acoustically and visually by the projects. A limited survey of attitudes
was conducted before some of the barrier projects were adopted, and a complete mail
survey was made of residents living adjacent to noise barriers within two years after
they were built, The answers to questions in the latter survey varied significantly from
project to project, but residents generally approve of the barriers and believe that they
increase real property values, though Minnesota's studies indieate that no real change in
property values has oceurred. There are definite exceptions to the general acceptance
however. The owners of three residences brought suit against the Department of
Transportation and won with compensation to be determined through eminent domain
action on claims that the noise barrier blocked the view and air movement, This eourt
decision has been appealed.

Technical Aspects of Minnesota Barriers

Minnesota has in use some of each of the four basic types of noise barriers: wood
planks on posts, prestressed concrete panels, earth mounds, and glued laminated wood
panels. Exhibit III-5 shows the cost of barriers of various construction materials,
Barriers with sound abscrptive materials have not been used. In cases where sound is
reflected off a barrier and back across & highway, a higher barrier is installed on the
opposite side of the highway to reduce the reflected noise.

Unless the Department of Transportation eleets to use earth mounds, the publie is
allowed to participate in selecting the barrier material. The laminated wood panel
construction, however, is restricted to walls less than 15 feet high. Selection is further
restricted to designs visually compatible with others along that highway.

I-18
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Dollars per Running Foot in 1979
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EXHIBIT M4
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Costs and Fimneing

The average cost of the barriers over the five years of the program has been about $137
per foot. Ninety percent of the costs were paid with Federal funds obtained under the
provisions of the Federal-Aid Highway Act of 1873, State funds for the barrier program
were obtained from the gasoline tax, in accordance with a 1975 Minnesota law directing
the Commissioner of Highways to spend 0.62 percent of the revenues on motor vehicle
fuel on barriers along interstate and trunk highways.

2. Maryland

Qverview

Maryland's Highway Noise Program begean in 1967 when the first noise berm was
eonstrueted on[-495. Sinee 1970, traffie noise attenuation has been an integral part of
all highway planning. Maryland's Highway Noise Barrier Program was instituted in
response to a need for Type Il barriers projects in residential neighborhoods that were in
place before the highways were constructed. This barrier program concerns itself
primarily with the two beltways around Washington and Baltimore, with 1-95 (Washing-
ton-Ballimore-Wilmington), and to a lesser extent with 1-83 (Baltimore-Harrisburg),

The program is in its infancy, with only two projects completed at this time. One, a
1300 foot barrier in a residential community on the Baltimore-Washington corridor, has
reduced LlD noise levels by 7 to 9 dB. Another, a 2200 foot barrier in Baltimore City,
fs expeeted to reduce noise by 10 to 1l dB, Several projects are under construction.

Managem ent

The Highway Noise Barrier Program in Maryland is unique in that it is administered by a
landscape architect within the Bureau of Landscape Architecture of the State Highway
Administration, rather than by an engineer within design division. This approach to
noise problems has resulted in barrier solutions that are highty effective visually as well

as acoustieally.
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Local Involvement

The Maryland DOT approach to the installation of Type I1 barriers incorporates heavy
community involvement. Projects are first discussed with loeal government officials
and community leaders and then proposed to the eommunity through newspapers and
flyers. A public meeting is held to assess community opinion concerning the project.
(A sample handout used at a citizen association/MDOT meeting follows in Exhibit I-5),
If the community is opposed to the projeet, MDOT will not proceed.

After this initial contact with eitizens' groups, MDOT conducts on-site acoustical
monitoring and prepares preliminary barriers designs. Additional public meetings or
meetings with a8 community task force mey continue until final design is complete.

In the future, local ecitizens will nlso have the opportunity to participate in follow-up
surveys after project completion. Follow-up surveys were not performed for the first

two projeets.

Technical Aspects of Maryland Barriers

Maryland has utilized a fiberglass reinforced cement post and panel system, concrete
fan wall barrier, exposed aggregate post and panel system, and a metal barrier. Several
current projects are investigating the use of a wooden barrier system., Each new
project is approached as a new design problem attempting to select a system which fits
the requirements of the site,

Each barrier project must be complete in all respects, including drainage, minor
highway faeility improvement and landscaping. MDOT avoids barrier plans that require

a high degree of maintenance.

Cost and Finaneing

Maryland estimates that its barrier projects costs range from $14-20 per square foot
including all the site work and landscaping. Most projects require drainage work,
leveling or berm building, or some site work other than the erection of the barriers
themselves. These costs are figured into the average quoted above. Design costs are
not included.

I-231
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Ten highway noise projects were included in Maryland's capital improvement plans for
13979-85. Al but one is funded 90 percent by Federal interstate funds with 10 pereent
state matching monies. The exception is a project near the Baltimore tunnel which is

funded by the Toli Facilities Administrtion. About $300,000 is budgeted from the State
treasury each year, with 3-5 projects active at one time.

M-21a (T'ext continues on page NI-26)
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CONTRACT NO. P 633-251-372
TYPE II NOISE ABATEMENT STUDY
I-95--MARYLAND ROUTE 450 TO GOOD LUCK ROAD

INTRODUCTION AND PURPQSE OF STUDY

Greiner Engineering Sciences, Inc. has keen retained by the
Maryland State Highway Administration to design noise abatement
measures for a portion of the Capital Beltway (I-95) from Marvland
Route 450 (Annapolis Road) to Good Luck Road. The purpose of this
project will be to reduce the impact of traffic nocise levels from
I-95 upon residential communities adjacent to both sides of that
highway in the described area. Of primary importance is the involve-
ment of afiected citizens ahd communities as an integral part of the
coverall design process.

In order that the communities involved might understand our
goals, the following outline of the approach to this project is

resented.

PROCEDURE

An initial meeting was held with the Mavor of New Carrollton
and several community leaders in Octocber, 1979 to introduce the
design team and the purpose oif the project. Since October, the

following activities have been completed leading to thiis meeting:

+Monitoring of existing noise levels along the project.

+8ite analysis with emphasis on vegetation, topography,
views, etc.

+Analysis of barrier length, height and attenuaticn,
balancing attenuation with aesthetic compatibility.

+Preparation of barrier material concepts Zor presentza-

ion to the community. T ——
e EXHIBIT HI-5 (eont.)
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This data has brought us to tonight's meeting. A presentztion
of the process to date and the barrier design concepts will be
made, followed by a pefiod for comments and questions from the
community. Concerns raised by the community will be considered
prior to proceeding further with the project.

The Highway Administration will make a decision as to which
of the alternate configurations in each rortion of the project
corridor best meets the goals of the project from the standpeints
of barrier effectiveness, engineering feasibility, aesthexic
compatibiiity, constructionn cost, and public acceptance. The
project will proceed éo Final Design and cdevelopment of plans,
specifications, and cost estimates so that the project can be
advertised for construcéion. It is anticipated that these plans
and specifications will be completed by December 31, 1980.
Construction is anticipated to take appreximately nine menths.

We hope that this has helped to explain the basic facet of
this project and the role of public involvement. Sheould you héve
any questions, please feel free to contact one of the following

individuals:

Mr. Charles R. Anderscon, Chief Mr, William E. Xzllas, P.E.

Bureau of Landscape Architecture Chief Environmental Engineer

State Highway Administratien Greiner Engineering Sciences,

2323 West Joppa Road _ 1 village Scguare

Brocklandville, Marvland 21022 Village of Cross Keys

(301) 32)-3521 Baltimore, Maryland 21210
(301) 323-81G0C

EXHIBIT III-5 (eont.)
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.PROPOSED AGENDA FOR PRESENTATION TO Nz CARROLLTON
AND DRESDEN GREEN COMMUNITY ASSOCIATIONS
" I-55 NOISE BARRIER DESIGN STUDY
' MAY, 1880

OPENING REMARKS AND INTRODUCTICN OF CONSULTANT TEAM - BLA
HISTORY AND ‘FL'-‘RPOSE OF PROJECT PLANNING
DESCRIPTION OF ST‘JDY CORRIDOR

MCISE CEARACTERISTICS AND FHWA DESIGN NOISE LEVELS
JESCRIPTION OF MOMITCRING PROGRAM

IDENTIFICATION OF NOISE IMPACT AREA

BA3ICS CF NOISE SARRIER DESIGN

HCIELING PRCCEDURE

CESCRIPTION CF PRCPOSED NOISE BARRIER SYSTEM
RIGHT-CF=-WAY REQUIREMENTS

AZSTHETIC CONSIDERATIONS

PRESENTATICON OF. MATERIAL ;".'GNCE?T"

CCMMENT PERICD

EXHIBIT II-5 (cont.)
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3. Virginia
QOverview

Between 1975 and 1979, the Virginia Department of Highways and Transportation
(VDOHT) erected approximately 11.7 miles of noise barriers. All but cne of these were
construeted in conjunction with highway improvement projects (Type I barriers). The
State is now considering a Type II barrier program, cne for existing highways that are
not undergoing expansion or change. The Type I barrier program will be completed
before Type II barrier construction begins,

The Virginia Noise Barrier Program is consistent with the Federal-Aid Highway Act of
1970 and subsequent Department of Transportation Regulations which require States to
include noise abatement along with any new construction associated with highways.

Management

The Air, Noise and Energy Section of the Virginia Department of Highways and
Transportation is responsible for the barrier program. The agency's duties include
managing noise barrier research and development and design planning, primarily through
a special Barrier Review Committee. This committee evaluates the sound barrier
proposals received from contractors and others and, if the proposel is accepted,
oversees the adoption of the design. The committee's decisions are based on:

1. Acoustical characteristics

2. Struetural adequacy

3. Durability and maintenance requirements
4, Cost relative to other similar designs

5. Aestheties

6. Citizen input.

The VDOHT is also completely responsible for barrier program implementation,
supervising all phases of construction, and landscaping. Finally, the Department is
required to eonduct foliow-up surveys to evalute the effectiveness and acceptability of
the barriers.
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Loeal Involvement

In one case community ecomplaints rather than Federal requirements played a major role
in the decision to econstruct a noise barrier in Virginia. In that case citizen complaints
about noise near a State tollway brought the noise problem to the attention of VDOHT
oificials, The State then conducted a study to determine the validity of the complaints
and once officials were satisifed that a problem existed, the barrier was constructed.

Plans and pertinent data for probeble noise abatement asetivities are made available for
review and comment at a public hearing, as an element of the overall highway project
proposal.

Public opinion is incorporated into noise abatement planning in two ways. First, plans
and pertinent data for noise abatemant activities ussociated with a proposed highway
construetion project are presented for review and comment at a public meeting.
Second, barrier construetion projects may be followed-up with VDOHT surveys to
aseertain which materials are the best noise attenuators, what modifications are
needed, and how the eommunity perceives the noise barrier. The results of this survey
are taken into econsideration in planning the design, color, and landsecaping for future
noise barriers.

Technical Aspects of Noise Barriers

Virginia has used five basic materials for sound barriers: earth berms, wood planks on
posts, prestressed concrete, glued laminated wood, and steel posts and panel walls.

Earth berms have been used where there has been sufficient right-of-way available.
Berins have also been used in eonjunction with barriers made of other materials to
provide necessary height, When berms alone are not feesible, the cholice of materials
has been left to the public. Favorable results have been obtained from all types of

materials used.

mr-27
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Costs and Finaneing

The average cost of Virginia noise barriers is $863,000 per mile. The cost per fcot has
ranged between $100 and $250 depending on the material used for the barrier, the
barrjer's height, and other construction factors.

The Federal Highway Administration provides funding for noise barrier construetion on
interstate highways to the same extent to which it provides funds for construection of
the highway (usually 50 percent}, with the State providing the remainder from the
general highway fund supported by the State gascline tax. The State's portion of the
funding for one project, a barrier on a non-interstate highway, was obtained from funds
remaining from toll road construction bonds. There are no special taxes or funds
specifically designated to support barrier construction, es there are in Minnesota,

4. Pennsylvania

Overview

The {irst major noise barrier project constructed in Pennsylvaniea is located in
Philadelphia's Center City on a 3-mile stretch of the Delaware Expressway (I-95). The
barriers were built in respohse to pressures by citizens' groups and jnvolved a great deal
of ecommunity participation throughout the design and planning stages. Barrier heights
range from 8 to 27 feet and were sometimes compromised in favor of an unobstructed
view of Philadelphia's historie waterfront.

Managem ent

Primary responsibility for barrier construction was held by the Pennsylvania Depart-
ment of Transportation. However, the citizens' groups that were active in obtaining the
barriers also played a major role in design. Under the terms of a 1875 consent decree
between the Pennsylvania Department of Transportation, the Federal Highway Ad-
ministration, the City of Philadelphia, and an organization called the Neighborhood
Preservation Coalition, an organization of about 20 constituent ecommunity groups in
the vieinity of I-85 in Philadelphia, all barrier designs had to be approved by the
Neighborhood Preservation Coalition.
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Loecal Involvement

The Pennsylvania hoise barrier project illustrates the impact that concerned and active
citizens can have on noise planning in their neighborhoods., Had citizens not banded
together and taken the issue to the courts, the barriers probably would not have been
built, and certainly would not have been designedin a way that would be as satisfying as
they are. The following excerpt from an article by Harvey 5. Knauer describes the
citizen participation process.

. «» »The fipalization of berrier locations, types, and
sizes was considered a major accomplishment in itself in light
of previous relations between the community and the state
DOT. Agreements were reached in numnmerous meetings held in
the area, usually in the homes of community leaders. Most of
these meetings were held at night and were attended by two or
three representatives of the Pennsylvania DOT and two or
three community leaders, The early meetings involved in-
formal discussions of noise models, noise theory, and noise
effects. Alternative locations for noise barriers were dis-
cussed extensively, and major consideration was given to the
issue of the view provided. In one area, temporary barriers
were erected to aid the community in meking its decisions
about barrier height.

Many samples of barrier materials were shown to the
community representatives prior to their selections. Barrier
materials, locations, and heights agreed to by the community
leaders and the department were presented &s joint recom-
mendations at two large public meetings. These meetings
consisted of an initial two hour informal display period in
which individua! questions were answered on a one-to-one
basis., A short 30~ to 45-minute formal joint presentation by a
representative of the Pennsylvania DOT and a community
leader foBlowed. Slides of various barrier types were included
in this presentation. After a short recess, a general question-
and-answer period wes held, and this was followed by another
one-on-ohe question-and-answer pericd. To aid in ecitizens’
understanding of noise levels, an audiovisual tape of traffie on
a local expressway was played back in the presence of asound
meter. The volume was adjusted to varying noise levels,
depending on the level a particular individual was interested in
hearing. The noise meter made it possible to approximate L,
noise levels. The video portion of the demonstration enable(q
participants to experience the noise fluctuations caused by
approaching and diverging truck and automaobile traffic.

Each participant in the meeting was asked to complete
a questionnaire indieating his or her feelings about the barrier
recommendations presented, barrier materinls, associated im=-
provements, and noise~view trade-offs. Results of the ques-
tionnaires were reviewed by the community leaders and
Pennsylvania DOT persongel before formalization of the final
barr] er recommendations.

JHurvey S. Knauer, "Noise Barriers Adfacent to I-95 in Philadelphia,” Transportation
Research Record T40, Natlonal Academy of Sciences, Washington, D.C., 1980.
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Technical Aspects of Pennsylvania Barriers

The three mile strip of 195 which was to have barriers on it was divided into four
sections. Each of these was designed and contracted for construction separately. In s
neighborhood consisting mainly of three-story residential middle and upper class town-
houses loeated 70 to 110 feet from the highway, citizens chose a precast conerete panel
and steel post barrier, dyed brick red and imprinted with a brick pattern. The post
foundations can withstand a horizontal foree of 30-1bf/f t2. The post and panel system
generally met Pennsylvanie DOT's objective of being able to salvage certain barrier
sections if their movement was required. Stee! noise barriers were constructed on a
bridge structure in this area,

Citizens in the second neighborhood, one similar to the one deseribed above, chose a
reinforced earth wall barrier. The wall is composed of a series of interlocking panels
supported by metal straps thet extend back from the wall into specially prepared
backfill material. A concrete parapet topped with & high decorative fence will be
erected on top of the wall. This concept enabled the development of approximately
five acres of open space and parking area behind the barrier, This area was previously
occupied by the cut and slope of the highway.

The third contract section, also an upper-income residential area, chese & wall of
reinforeed concrete faced with real brick. A reflection chamber was created between
the barrier and an existing retaining wall. It was determined that absorptive treatment
of the existing retaining wall was necessary if the new noise barrier were to produce
the required noise attenuation.

The community in the fourth contract area contained an active artistie element that
was interested in "having the barriers express architecturally the history of the
areg ... their ideas materjalized into berriers in whieh multicolored concrete blocks
were used to form a mural design."1 The Pennsylvania DOT considered stuccoing the
highway side of the barpler to avoid having motorists distracted by the design.
However, since other states sometimes have designs on the motorists' side of the wall,
the design was left visible, PDOT plans to evaluate the effeets on traffie and drivers in

the future.

First floor exterior noise level reductions in the barrier areas were predicted to range
from 6 to 15dB (Lw noise levels).
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Costs and Finaneing

The in-place barrier costs for the Philadelphia barriers ranged from $22/ft2 for post-
and-panel and reinforced concrete block barriers to $84.74/ft2 for the reinforced
concrete brick-faced barrier in area 3, with the latter high price due to complicated
excavation, forming, shoulder removal and replacement, and brick-facing operations.

In 1976, about a year after the signing of the consent decree, Pennsylvania DOT
developed finaneigl problems that led in 1977 to the suspension of its Twelve-Year
Capital Improvement Program and a major reduction in personnel. DOT was left
without the funding necessary to meet the requirements concerning noise barriers
required by the eonsent decree. Financial problems continued until June, 1978, when it
appeared possible that money would be obtained outside DOT to match Federal
interstate highway funds for barrier construction. In an aetion unprecedented in the
state, the legislature in October of 1978 approved %$250,000 in matching funds
{transferred from revenue sharing funding) for barrier construction.

References

Knauer, Harvey S., "Noise Barriers Adfacent to 1-895 in Philadelphia," Transportation
Research Record 740, National Academy of Sciences, Washington, D.C., 1980.
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5. Wiscohsin
Qverview

According to a study by Neil R. Wienser and Kumares C. Sinha, the State of Wisconsin
has been concerned about freeway noise for some time. The Wisconsin Division of
Highway constructed earth berms for sound attentuation along I-84 in Milwaukee and
Waukesha Counties in 1972, Theseinitial barrier efforts were very successful:

An attitudinal study revealed that as a direct result of the
berm construction there was a perceived reduction in sound
levels in the neighborhood, and awareness of more privacy
enjoyed by residents (both inside and outside of their homnes)
immediately sdjacent to the freeway. The study conciuded
that "even minor attenuations of freeway noise of 5 dB or less
are discernible within adjacent neighborhoeds and, based upon
the subjective responses to the attitudinal sugvey, are
pereeived to be greater than are actually measured,”

Loeal Involvement

The primary current barrier project is one along the Airport Spur Interchange, a clover-
leaf interchange connecting the Airport Spur to I-94. This project was the direct result
of citizens' protests designed to stop the planned construction of this interechange. The
eitizens did not succeed in stopping the prgject, but did commit the highway suthority
to the construction of sound barriers.

The public is not heavily involved in the barriers design and selecticn in Wisconsin.
However, an informal survey indicated that community involvement would have led to
more community satisfaction with the barriers.

Neft R. Wienser and Kumares C. Sinha, A Study of the Effects of Earthen Attenuation
Devices tn Reducing and Improving Privacy in Neighborhoods Adjacent to Urban
Freeways, unpublished, part of a program of research and training at Marquette
University, sponsored by the Urban Mass Transportation Administration of the U.S.
Department of Transportation,
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SECTION IV

EVALUATION AND DOCUMENTATION

A. THE HIGHWAY NOISE EVALUATION PROCESS

*
Preliminary Screening of Candidates for g Hot Spot (Barrier) Project

To qualily as a hot spot, an erea must usually have a significant population that is
exposed to an L, equal to or greater than 75 dB. The two most important factors in
determining whether the highway area will qualify are the volume of traffic and the
distance of the residents from the highway's edge.

State and loeal governments maintain records on traffie volume for most highways
within their boundaries. The traffic volume is usually measured with a counting device
connected to a preurnatie tape or tube containing that is laid across the roadway for a
few days and is stated as the average daily traffic (ADT). The hourly distribution
throughout the day is not ordinarily known.

Information on the fraction of traffic composed of heavy trucks and buses is valuable,
If the fraction is not known, average figures for like roads can be used. Unless the
highway is a designated truck route, the fraction of heavy trucks will rarely exceed 10
percent. The national average figure for heavily traveiled highways is 8.5 percent.

If the ADT is less than 10,000 vehicles and the heavy vehicle fraction is 8.5 percent, it
is very unlikely that the noise level at an abutting residence will exceed L dn> 75 dB.

*
The nomograph‘ in Exhibit IV-1 provides a handy method for estimating the L dn from
easily obtainable data and is sufficiently accurate for use as a screening device. The

nomograph is used as follows:

1) Draw a line from the annual average daily traffic on the left (for
example, 10,000 vehicles) through the percentage of the traffic that is
heavy trucks and buses (sasy, 10 percent). This is line 1 in the example.
Mark the intersection of this line with the pivot line on the left.

*Some of the material in this section was presented in Section Il so the two can be read
independently.

*From J.J. Hajed, "L__ Traffic Noise Prediction Method," Transportation Research
Record 648, National Aademy of Sciences, Washington, D. C. 1877.
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2) Draw a line from this intersection to the speed limit on the stretch of
highway under consideration {50 mph in the example). This gives line 2.

3) Draw a line from the intersection of line 2 with the pivot line on the right
to the distance seale on the right. This gives line 3.

4) The intersection of line 3 with the sound level scale will give the
estimated L dn'

In the example line 3 intersects the sound level scale at between 66 and 67 dB, clearly
less than 75 dB. Therefore, the case which this example represents probably would not
qualify for a hot spot project, except possibly in noise sensitive areas such as hospitals
and school zones.

If the planner experiments with the nomograph he will find that a large traffic volume,
a high speed, and a short distance from the highway to the residence are ususally
required to achieve a 75 dB noise level. Special cases such as heavily travelled truck
routes with 30 to 40 percent heavy vehicles, highways extraordinarily close to
residences, and highways with heavy volumes of nighttime traffic are the best
candidates for a hot spot project. The first two special cases are unlikely: Planners
rarely construct truck routes close to residential areas and homes are rarely located
extremely close to heavily travelled highways. The last special ease is more common,
The nomograph above assumes that nighttime traffiec amounts to 10 percent of the daily
traffic. Some formulas assume a 18 percent figure. Actual nighttime volumes may
vary considerably from these norms.

The estimates obtained by using & nomograph are not a substitute for the actual
measurements and detailed eomputer simulations incorporated into later steps, but they
are useful for screening. Borderline cases should be ineluded when more refined testing

begins.

Investigating Candidate Highways

The simulation methods developed by FHWA to prediet the noise levels near highways
and the reduction of these levels by barriers are quite accurate. However, local
offieinls and residents are pleased when actual deata are used along with computer
simulations, The two principal sources of data are an analysis of compleints and
measurements of the noise levels,
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Complaint Analysis

Ideally, a hot spot (barrier) program should be a preventive one, one that acts to proteet
the public's health in the early stages of highway planning. However, hot spot (barrier)
programs often begin as reactive programs responding to citizens complaints.

In most eommunities noise complaints are received by a wide variety of individuals and
organizations, Among them are elected officials and the police, along with other
departments such as highway, traffic, environmental, fire, zoning, building, heealth
planning, and public safety agencies. They also include newspapers, environmental
organizatibns, eitizens' and neighborhood organizations, and political parties. Each of
these potential sources should be eontacted and photocopies of noise-related correspon-
dence, logs, or other complaints should be obtained. Ideally, the records would inelude
the complainant's name and address, the date and time of the complaints, and the
nature of the noise problem. The identity of the complainant in each case is important
because the individual is a potential participant in later stages of the project and
because it permits distinguishing between a large number of complaints from a variety
of ecomplainants and an equal number of complaints from a few regular complainants.
Plotting the addresses of the complainants on maps will give some indications of the
extent of the noise problem and will help to sereen out complaints from outside the
jurisdietion of the government with the hot spot project. The time patterns of highway
noise ean be inferred from the seasons, days of the week, and hours of the day of the
complaints if their number is large, These time patterns and information on the types
of vehicles complained about (trucks, motoreycles, car, sirens on emergency vehicles)
can complement the traffic volume and traffic mix data that are available from the

highway department,

Complaint records should be studied in detail before any noise meaurements or
interviews are conducted. The investigator can benefit both himself and the com-
plainant by celling the complainant to complete any records missing information,
Complainants will be gratified to know they are being heeded, and the investigator will
be able to make better choices of noise survey locations with complete information.

Complaints emanating from residences not elose to heavily travelled highways; from
isolated residences; and from commuters, shoppers, workers, and other nonresidents
should be discounted following the initial study of the complete complaint records. Hot
spot projects are limited to protecting residents from highway noise in the jurisdietion

funding the project.




Measurement of Sound Levels

Sound Level Meters

An ordinary sound level meter can be used to tell the investigator whether a barrier is
potentially warranted as a noise control device and whether more exact and specialized
work is worthwhile. A sound level meter consists of a miecrophone (sometimes mounted
directly on the meter, sometimes on an extension cord), an amplifier, a frequency
weighting network, and a meter movement. The meter movement has a "fast" and a
"slow" response capability to respond to rapidly ehanging sound levels, such as those from
highway traffie, or to slowly changing levels such as those from fans or air eonditioners,
The "fast" setting should be used when making the measurements for hot spots. Sound
level meters are simple to use and the manufacturers' instructions are comprehensive,

clear, and easy to follow.

Any sound level meter used for investigating hot spots should meet the specifications of
the American National Standards Institute (ANSI)J‘, for a Type 1 or Type 2 meter. Type
2 meters are less precise than Type 1, but are perfectly acceptable for hot spot
identification. Special purpose meters are designated by the letter "S" and are
acceptable if they meet the accuracy requirements for a Type 2 meter, have a "fast"
meter movement, and include an "A-weighting network". Such a meter will be
designated as Type S2A meter and is used commonly for community noise rmeasure-
ments, Assistance in the choice of & sound level meter may be obtained from the
Regional EPA office. Alternatively, regional offices have often agreed to lend local
officials instruments for use in hot spot programs. However, since the number of
available instruments is limited, a short wait may be necessary.

Sound level meters users should be aware of certain environmental eonditions that may
have a large effect on noise level readings. When roads are wet or when the
measurements are being made downwind from the noise source, sound levels will be
higher than they would under other conditions. This does not mean that measurements
should not be made in these situations. On the contrary, if noise measurements are not
made in periods of rain, the average sound level may be underestimated. Likewise, if
there is prevailing direction for frequent strong winds, the monitoring program that
excludes measurements in the winds will underestimate the average sound levels
downwind and overestimate the noise levels upwind from the noise source.

1”Amertcan National Standard Specification for Sound Level Meters," ANSI S1.4-1971,
American National Standards Institute, New York, N.Y. 1971, or its successor.
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Wind and precipitation can also affect measurements by reducing the ability of the
sound level meter to record only the sounds associated with the highway. Even with a
wind screen, the meter will detect noises caused by wind blowing across the miero-
phone. Some microphones produce noises that make measurement unreliable when the
bumidity is high. Also, water damages most microphones, so measurements taken in the
rain or heavy snow should be made with special ecare for the sound level meter. The
user should follow the manufacturer's recommendations in ell of these cases,

All sound level meters contain provisions for calibration during use. The procedure is
simple, but mandatory. If the reference point has ehanged, a serewdriver adjustment

brings it back to the proper value.

Scanning Surveys

The acoustical mensurements in support of a hot spot program should be divided into
two phases, a scanning survey and, e more thorcugh survey. The seanning survey phase
has two purposes: to acquaint the local officials with the overall situation and noise
levels, and to eliminate from consideration the locations at which the noise levels are

clearly too low to qualify as hot spots,

A good place to start is with the residences of complainants, but residents of areas that
are expected to have high noise levels but from which few complaints have been
received should also be surveyed. Telephone complainants and request permission to
enter their properties to make noise measurements, If the residence has a yard, the
measurements should be made in the yard closest to the highway that is the source of
the noise. If the residence has no yard, the measurements may be made in the street or
alley, unless the complainant lives on the third or higher floor of a multiple unit
building. In this last case it may be necesary to obtain entrance to the interior of the
unit to make the measurements on a baleony, on a fire eseape, or (least desirable) out

an open window.

The scanning survey should be undertaken on a weekday unless the compleints have been
about weektend traffic noise. The measurements should be made throughout the
morning and in the late afternoon to include homeward bound commuters. Spend 15
minutes taking sound levels readings every 15 seconds at each location, recording them
on data pads or accounting paper. Be sure to note accurately the location of the
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measurements relative to the residence so the distance from the measurement point to
the highway can be scaled off drawings in the munieipal engineering office. The
seanning survey should inelude the hours when traffie, particularly heavy truck traffie,
is heaviest. Only about 15 sites can be surveyed in an 8-hour day, so the first day
should cover a large pert of the range of complainants' loeations, leaving others to be
filled in later. This skipping method also will assure that all the measurements are not
made in one region in the same few hours, during which traffic noise may not be its

highest.

Typieally, the results of a seanning survey will indicate that many of the complaints do
not have daytime noise levels in excess of 75 dB, even at the noisiest hours. For such
locations a check should be made of the nighttime levels to see whether they
substantially exceed 65 dB. If they do not, the Ldn cannot possibly exceed 75 dB, and
unless it is a sensitive area, the area will not usually be considered a hot spot.

Locations that are not eliminated at this point should be divided into two groups:
clearcut eandidates for more thorough sound surveys and borderline cases. The latter
locations should be rescanned at times in the day that are different from the times of
the first scan and should be scanned at night. The places remaining after this test will
be the subjects of the more intensive gcoustical surveys.

Thorough Surveys

Surveys conducted to test the prime candidates for hot spots programs are similar to
the preliminary surveys in technical aspects, but require statistically valid sampling
methods and measurements in more lecations and on more occasions. In some
instances, State highway departments are responsible for the testing and documentation
needed at this stage. In order to qualify for Federal funds, State offiecials should
perform the measurements using FHWA techniques and should be able, upon completion,
to draw the noise contour meps necessary to prepare the noise plan. The contours will
be affected by the grade and the relative elevation of the highway; by stopping,
slowing, and acceleration portions; by prevailing winds; and by the absorption and
reflection of the terrain and the buildings beside the highway.

When the contours are plotted, some interpretation of the results will be needed, in part

to compensate for the limitations imposed by the effects of wind end precipitation on
the survey, in part because the survey almost certainly will not have been done over a
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whole year, and in part because surveys are made over a period in which the surveyors
and the quantity being surveyed change, at least slightly. Acoustieal consultants,
meteorologists, traffiec engineers, and social seientists experienced in survey work all
may be called on to assist in removing some of the errors and inconsistencies in the

survey data,

Determination of the Impact

The first step in caleulating the impact of the noise is to count the population that is
within or.on each contour line. Only the population that resides inside the 65 dB
contours for sensitive land uses and inside the 75 dB contours for other land uses needs
to be counted. Local voting registers, eity directories, census, or other sources may be
used to ennumerate the residents inside each contour. A common and inexpensive
method is to use the real estate tax files, or existing aerial zoning photographs, to
determine the number and types of housing units in each noise contour and to multiply
these units by average rates of ocecupancy (3.0 for single family detached houses, 2.8 for
townouses, ete,) that have been derived {from county or municipel surveys.

If priority must be set for different areas, the next step is to multiply the number of
people in each contour by the number of decibels by which the noise levels to which
they are exposed exceeds 75 dB {65 dB in sensitive areas). Thus the impact of 85 dB on
five people is equated with the impact of 80 dB on ten people. The impacts then are
plotted on the same maps a4s the noise contours., Areas with the highest impacts
normally are the ones that deserve the greatest attention,

Other eriteria should be considered when setting priorities, too, One ecriterion is
whether the residences were tuilt before, during, or after the highway was planned and
constructed. Residences that predated the highway get higher consideration than those
built after the highway plan wes adopted or the highway was built. Hours of occupancy
of the residences are taken into account in some other jurisdictions. If the residents
are single or childless working people, the priority for noise control is set lower than for
residents with children and stay-at-home adults,

1v-8
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B. BARRIER SELECTION: ACOUSTICAL CONSIDERATIONS

Overview of the Barrier Design Process

The Noise Barrier Design Procedure

In the initial phases of barrier design there are several basic questions that must be
answered: How high should the barrier be? How long? Where should the barrier be
placed? What materials should be used? Should there be a wall or berm, or a
combination of the two? In addition to questions concerned with the physical
charaeteristics of the barrier, questions concerned with economies and the functional
performance of the barrier must be answered as well: How much will the barrier cost?
Will it be accepted by the community as well as the highway user? Will it create safety
problems? Will there be maintenance or durability ;;.u*c:ble:ms?1 This section deals with
the first set of questions, those concerned with technical acoustieal aspects of barriers,
For information concerning the second set of questions, the reader should refer to
NOISE BARRIER SELECTION: NONACOUSTICAL CONSIDERATIONS.

Exhibit IV-2 depicts the noise barrier design process, as outlined in FHWA's "Noise
Barrier Design Handbook. The first step is the specification of noise reduction goals,
Second, 4 large number of design options are identified, considering both the acoustical
requirements imposed by the noise reduction gosals and the nonacoustical requirements
related to safety, meintenance, and aestheties. The various design options are
evaluated in terms of their acoustical and nonacoustical characteristies as well as their
costs, Besed upon this evaluation, the option that best satisfies the design requirements
and meets the needs of the local area is selected. This is the end of the process
specified in FHWA's Noise Barrier Design Handbook; however, ideally after selection of
a barrier design its physical dimensions should be optimized with the aid of a highway
noise computer program before the design is finalized. Community partieipation should
be included in all the phases of the barrier design proces-s.2

IMyles A, Simpson, "Effective Design of Highway Noise Barriers Using the "Noise
Barrier Design Handbook," Proceedings of Conference on Highway Traffic Noise
Mitigation conducted by the Transportation Research Board for the U.S. Department of

Transportation, December 11-15, 1878, p.127.
2
Ibid, p.128.
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Barrier Insertion Loss

Of primary importance in the design of an effective noise abatement barrier is
determination of the proper noise reduction goal. To determine the noise reduction
design goal, the handbook uses the concept of barrier insertion loss, which is the
difference in levels measured at a receiver loeation before and after the construction
of the barrier. As shown in Exhibit IV-3, the insertion loss is a function of several
factors, each of which should be aceounted for in ealculating the effect of a noise
barrier on the surrounding community. First, the insertion loss depends upcn the barrier
attenuation, (AB), resulting from diffraction of sound from the highway over the top
and sides of the barrier. The insertion loss also depends upon the transmission loss, TL,
a measure of the ability of the barrier to transmit noise through it. The quantity
BAR is the change in barrier attenuation that results when parallel barriers on both
sides of the highway cause multiple sound reflections, and some additional sound is
diffracted over the top of the nearer barrier. Since the construction of the barrier may
result in loss of attenuation from en already existing strueture, the insertion loss also
depends upon this existing shielding, called AS‘ Finally, when sound propagates over
absorptive ground there are certain ground effects which result in & higher propagation
loss than when the terrain is hard and flat. These ground effects may account for the
difference between the 3 and 4.5 dB per doubling of distance dropoff rates observed for
reflecting vs. non-refleeting ground conditions.

Design Goal Insertion Loss

The design goal insertion loss is the difference between the noise level measured
or predicted at a site before construction of the barrier and the desired or eriterion

noise level:
Design goal IL = L (before) - L (eriterion)

In this equation the "before" and "eriterion" levels may both be expressed in terms of
either LID or L__levels in dBA. In order to achieve the desired insertion loss, the

€y
barrier must therefore be designed to achieve a design goal noise reduction as follows:

Design goal NR = L (before) ~ L (eriterion) + max ( AS‘ AG)

JMyles A. Simpson, "Effective Design of Highway Noise Barriers Using the "Noise
Barrier Design Handbook," Proceedingsof Conference on Highway Traffic Noise Mitigation
conductedby the Transportation Research Board for the U.S. Department of Transportation,

December 11-15, 1878, p.128.
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where

TL

A BAR

= f(AB, TL, ABAR, A AG)
NR = f(AB, TL, A BAR)

IL = NR - max(AS, AG)

barrier attenuation resulting from diffraction over the
barrier top

transmission loss through the barrier

change in barrier attenuation resulting from multiple
reflections from double barriers

shielding attenuation {rom other barriers between highway
and receiver

attenuation from ground effects

EXHIBIT IV-3: DEFINING BARRIER INSERTION LOSS
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Thus, the barrier attenuation, transmission loss, and change in barrier attenuation must
be balanced in the design to provide & net noise reduction which satisfies this design
goal.

In order to determine the various parameters in this last equation, the highway designer
may use one of the available highway noise predieiton methods. Alternatively, for
existing highways some of these parameters may be determined by actual field
measurements in particular location of interest. As an added benefit, use of field
measurements to determine "before" noise levels provides useful documentation of pre-
barrier conditions and ean be used to validate the analytical predictions.

Even if analytical methods alone are used to determine the noise levels for the "before"
case, use of field measurements to determine possible ground absorption effects, A G’
will be most useful. Such an approach would involve measurement at a typical receiver
location, say 5 feet above the ground, with simultaneous measurements 20 or 25 feet in
the air. The difference in level between these two sets of data is a good measure of the
amount of absotption caused by ground effeects.

Further, just as it was important to obtain measurements at eritieal receiver locations
befare construction of the barrier to doeument existing levels, it is quite useful to make
measurements after barrier construetion to document actual barrier performance. Suech
data will provide a true measure of the actual insertion loss of the barrier, If the
barrier has met its design goal, these measurements are useful from a community
relations point of view. If the design has not been sucecessful, it is important to
recognize that fact, so that, if possible, the problem can be remedied. Even if this
eannot be accomplished, analysis of the reasons that the barrier does not achieve its
design insertion loss would provide useful information in the design of future barriersl.

Basie Barrier Materials and Shapes

The materials for barrier construetion (Table 1} are no different than those used for
other types of structures. They are used alone or in various eombinations.

lMers, Simpson, "Effective Design of Highway Noise Barriers Using the "Noise Barrier

Design Handbook," Proceedings of Conference on Highway Traffic Noise Mitigation
conducted by the Transportation Research Board for the U.S. Department of Transpor-

tation, December 11~15, 1978, p. 129.
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TABLE 1
Basic Materials Used in Barrier Construction

Mineral Aggregate
Portland Cement

Metal (Steel, Aluminum)
Wood

Earth

Plastic

Combinations

These materials and combination can be translated either into rigid shaped forms (Table
2) such as panels, blocks, planks, and sheets or plastic forms using eonecrete, stuceo, and
earth mounds., Depending on the basiec material and the shape and nature of the unit
used in construeting a barrier, fabrication may be off-site, on-site, or a combination of

both.

TABLE 2
Basic Shapes of Structural Units

Panels

Blocks Rigid
Planks Form
Sheets

Concrete

Stueco Plastic
Mounds Form

The ultimate form of the material is that of & wall or a mound serving as a barrier to
sound transmission. Barriers may be constructed of one material or two or more
distinetly different materials. A few of the possible barrier types are listed in Table 3.

IvV-14
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When two materials are used, the contact may be longitudinal, as in the case of a wall
structure atop an earth mound or verticel, as in the case of alternating panels or wall

sections.

Reflecting Noise

Most barrier construction materials are "hard"
reflection may mean that the barrier actually increases the noise to which a listener is

TABLE 3
Examples of Barrier Types

Concerete block (many varieties including slumpstone)
Concrete (Precast or cast-in-place)
Metal

Earth Berm

Earth Berm and Concrete Block

Wood

Stucco on Chain Link Fence

Stueco on Metal Lath

Stucco over Wire and Paper

Sign Panels

Lexan (Transparent)

Steel and Fiberglass (sound absorbent)

Sound Absorbing Materials

and tend to refleet noise.

exposed (Case 1) or the benefits of a barrier are reduced (Case 2).
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Case 1: Reflection in a Single-Barrier System
Noise Path Without a Barrier

Truek Highway

Noise Path With a Barrier

Highway Noise Barrier

Case 2: Multiple Reflections in a T'wo~Barrier System

What are Sound-Absorbing Materials?

A sound-absorbing material absorbs sound by foreing the air molecules to move in and
around many tiny fibers or passages, As the air molecules are forced in directions other
than a straight back-and-forth motion, they lose energy, and the sound intensity or level

decreases,

Familiar objeets made of materials that absorb sound inelude thick carpeting, stuffed
furniture, and heavy draperies. Fabries are soft and fibrous, characteristics that make

them excellent sound absorbers,
1v-18
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How much sound a material absorbs, its effectiveness, is usually rated by the material's
absorption coefficient, @ . The absorption coefficient is defined as the ratio of the
sound energy absorbed by a surface to the sound energy incident upon that surface, o
may take on all numerical values betwen 0 and 1. For a perfect absorber, a = 1.0; for &
perfeet reflector, a = 0. The absorption coefficient is specified at a certain frequency,
or over a range of frequencies, Cemmonly, the absorption eoefficient of a material is
specified in octave bands, from 63 Hz to 8000 Hz. For example, a poured concrete
surface that has an absorption coefficient of 0.02 in the 500 Hz octave band reflects 98
percent of the incident sound in the cetave band centered on 500 Hz. On the other
hand, for a 2-inch thick glass fiber blanket spaced 1 in. away from a solid backing, a =
0.90 in the 500 Hz octave band; therefore, 80 percent of the inecident sound energy in
the 500 Hz octave band is absorbed, and as a result, the level of the reflected sound is
10 dB lower than the level of the incident sound.}

Criterin for Selecting Sound-Absorbing Materials

Materials should be selected to meet criteria based on the following characteristics (in
order of importance):

1. Sound-absorbing capacity
2. Physical durebility

3. Acoustical durability

4. Maintenance requirements
5. Flame, fuel, smoke ratings,

Sound-Absorbing Capacity
Sound-absorbing treatments for highway barriers must have absorption coefficients of
0.6 or higher on the barrier surfaces for octave bands of 250, 500, 1000, and 2000 Hz,
Materjals that do not meet these criteria should not be considered further,

Other Criteria

The other criteria listed above involved in selecting sound absorbing materials are
discussed in NOISE BARRIER SELECTION: NONACOUSTICAL CONSIDERATIONS.

IChristopher W. Menge and Neville A. Powers, "Sound~Absorbing Barriers: Materials and
Applications,” Proceedings of Conference on Highway Traffic Noilse Mitigation
conducted by the Tranpsortation Research Board for the U.S. Department of Trans-
portation, December 11-15, 1978, p. 188.
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Some Specific Sound Absorbing Materials

Standard Effective Materials

There are four standard materials used as sound absorbers; resonant cavity ecncrete
masonry units, glass fiber batts, wood fiber planks, and spray-on treatments such as
vermiculite or perlite aggregate concrete.

Resonant cavity concrete masonry units are suitable for both free-standing acoustic
barrier walls and for an absorptive treatment in lIoeations such as tunnels and
underpasses. The concrate masonry units are a standard concrete masonry block with
slotted apertures to allow a resonance inside the block, One type of block is &
pro[;)rietary product called "Soundbox," as manufactured by the Proudfoot Company.

Glass fiber batts are a suitable material for use on free-standing acoustie barriers,
tunnels, and underpasses, The glass fiber batts are two inches nominal thickness, one
and a half pound cubic foot density and wrapped' in a protective covering of 1.5 mil
thickness mylar, The batts then are stapled to wood runners which allow a minimum
two inches air space behind the glass fiber batts, The front face of the glass fiber batts
is protected by the use of random wood battens which leave minimum of 30 to 40
percent of the surface area exposed,

The third type of acoustic absorption material is pressed wood fiber boards, To be
suitable for use in an exterior location this material should be manufactured with a
suitable binder and protected from deterioration weathering by the use of exterior non-
bridging type latex paint. The pressed wood boards should also be treated with fire-
retardant chemicals in the manufacturing process, These boards may be nailed or
attached directly to the supporting structural system, allowing a six to sixteen inch air
space behind the board for optimum performance. In addition, the wood fiber boards
should be located where they are not subject to roed splash. It must be emphasized
that, while several wood fiber planks are available, the feasibility for exposure to
weathering and cleening must be verified for the specifie product under consideration.

The fourth type of acoustical absorption material is a spray-on system of Portland

cement concrete with a light-weight perlite or vermiculite aggregate. This produect
may be sprayed on a high rib metal lath which in turn mainteins a two-inch air space
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behind the material. Dus to the possibility of this material spalling in freezing
temperature, it is not recommended for use where exposed to saturation, then freezing.
This material should also be protected by the use of a non-brideing exterior latex paint

or gilicone treatmentl.
Plantings

Dense evergreen ftrees, shrubs, vines, and grass are often considered as possible
materials for noise abatement. They are often proposed both as sound barriers and as
sound absorbers. In both cases, they exhibit such serious deficiencies that, apart from
their use to meet other criteria for highway design (beautification, visual sereening),
they should not be considered to meet sound-attenuation criteria for highways.

Growing materials are particularly unsuiteble for use as scund-absorbing materials
beside highways. To be effective a plant's leaf structure would have to be similar in
fineness and density to glass fiber, At present, s plant with these characteristies has

not been identified?.

Alternatives to Sound-Absorbing Materials

Sound-absorbing materials may be undesirable because of cost maintenance require-
ments, or design constraints. There are a few alternatives to sound-absorbing materials

that may be considered for particular conditions.

Alternative; Covered Highway

By covering a highway, excessive noise levels can be reduced dramatically, as shown in

Case 3.
Case 3: Covered Highway
T VENTRL ATON
slcx s .
P L Y P,
NESIDENTIAL . % %) NESIDENTIAL
AREA . =y AN . . AREA
VERTRATION
BULDNG

Inotse Barrier Design Handbook, Federal Highway Administration, U,S. Department of
Transportation, 1978, pp. 3-55 - 3-§7.

2Menge and Powers, op. cit., pp. 200-202,
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Although the noise problems can be virtually eliminated with this proecedure, other
factors such as cost and ventilation requirements are usuelly primary considerations.
The cost is usually mueh higher than even the most expensive noise barrier design, and
tunnels must be ventilated, unless they are very short. Ventilation systems often
require a high exhaust stack and edditiongl struetures to house the motors and fans. If
not designed properly, ventilation systems ean create their own noise problems,

Alternative: Berms

Earth berms can be placéd on both sides of a highway to act as noise barriers, as shown
in Case 4.

Cuse 4: Earth Berms as Noise Barriers

REBOEN Ty, Ll O T s
ARy [y

The berms, because of their shape, will not allow sound to reflect back and forth. They
will act effectively as single, independent barriers, as long as no vertical walls are
placed on top of them. As an alternative to absorptive barriers, berms have limited
application, since a significant amount of right-of-way property is required. This
alternative is particularly diffieult in urban areas where space is limited.

Alternative: Sloped Barriers -

A configuration of sloped barriers has been tested recently in an acoustiosl scale model
study for the Harbor Tunnel Thruway in Baltimore, Maryland. It is shown as Case 5.

Case 5; Sloped Barriers

NOISE =l L . WOLSE
BARRIEA TIGHWAY i

For this particular configuration (a aepressed highway with residential areas on both
sides), hard reflective barriers sloped away from the highway at an angle of 10 degrees
from the vertical were found to be as effective as an absorptive vertical two-barrier

ﬂ -
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Although very little information about the overall effectiveness of sloped barriers
exists, sloped barriers should prove to be effective for configurations other than that of
the Harbor Tunnel Thruway. Model studies will generally be required to determine
optimum barrier locations and slopes, at least until enough data are collected to
develop generalizations. For other configurations, sloped barriers may have to be
higher than vertical ebsorptive barriers. Once the performance characteristies of
sloped barriers are known, cost and installation limitations will be ecompared with those
of absorptive two-barrier systems., Only then will the best epplications for each
approach be defined.

Sloped baﬁriers, however, will not replace sound-absorbing materials in all applications.
Where deep cuts require vertical walls or space is limited, sound-absorbing treatments
will be the only effective means of eliminating the multiple reflections that degrade a

two-barrier system's performsncel.

References

The sources listed below contain detailed information on the topies discussed in this
section. All are highly recommended to state or loea!l amuthorities involved in the

technical aspeets of barrier design.

Federal Highway Administration Noise Barrier Handbook, 1976.

Federal Highway Administration Highway Noise Barrier Selection, Design, and Con-
struction, 1978.

Menge, Christopher W. and Neville A. Powers, "Sound-Absorbing Barriers: Materials
and Applications,” Proceedings of Conference of Highway Traffic Noise
Mitigation conducted by the Transportation Research Board for the U.S.
Department of Transportation, December 11-15, 1978.

Simpson, Myles A., "Effective Design of Highway Noise Barriers Using the "Noise
Barrier Design Handbook,”" Proceedings of Conference on Highway Traffic Noise
Mitigation condueted by the Transportation Research Board for the U.S.
Department of Transportation, December 11-15, 1978.

1
Ibid, p. 201.
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C. BARRIER SELECTION: NONACOUSTICAL CONSIDERATIONS
Introduction

In choosing & barrier design and material, eommunity planners are concerned not only
with the effectiveness of the barrier, but also with safety, durability, maintenance,
aesthetic, and cost considerations, Each of these latter factors is discussed here. The
reader should refer to BARRIER SELECTION: ACOUSTICAL CONSIDERATIONS for
information on the noise reduction effeets of various barrier designs.

Safety

Motorist Hazards

Visibility

Barriers must be designed carefully to avoid hazardous effects on traffic and the
general publie. Special care must be taken to avoid obstructing visibility for traffie
rounding curves, merging from freeway entrances, and merging to frontage roads and
cross roads passing over the freeway.

Horizontal stopping sight distance should be provided for all traffie. A compromise in
acoustical effectiveness may be necesary to allow sufficient merging sight distances on
entrance ramps. Walls can be overlapped as much as is judged safe,

Some controversy still exists as to whether walls at signalized intersections of eross
streets and ramps or frontage roads can be safely brought to the standard visibility
offset for signalized intersections, Some engineers advocate the uncontrolled inter-
section sight distance be used where possible at controlled intersections to provide the
extra margin for emergeney vehicles and persons running the stop sign or traffie signal.
Others feel the noise wall is not different from a cornher grocery store at a signalized
urban intersection and can safely be brought close to the corner. The argument can
become emotional, centering around the worth of & life versus the value of noise
abatement. In Minnesota the state's department of transportation resolves each ease
after an on-site review by the district traffic engineer, In any case, walls are set back
as muech as possible to provide maximum intersection sight distance.
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Transparent walls are not considered a reliable alternative in providing safety visibility
for motorists, because reflection occurs under some lighting conditions and keeping
panels clean enough for adequate safety is next to impossible with acceptable
maintenance budgetsl.

Obstacles

Collision potential for errant vehicles exists no matter how far an obstacle is placed
frem the pavement.

While barriers are most effective acoustically when placed near the roadway, efforts
should be made to use safety clemr zone criteria to locate the barrier. When site
conditions permit, barriers should be placed 9 m (30 ft.) from the shoulder if on level
ground. Greater offsets are required if the barriers will be downhill from the roadway.
Exposed corners or posts facing high speed traffie within the clear zone should be
evoided unless protected by a guardrail. The guardrail mey be erected separately or
mounted on the barrier itself, If there is an intervening curb, the height of the rail
should be adjusted upward to compensate for vaulting vehicles.

Guardrails should not normally be placed along ecity streets earrying low speed traffic
on the residential side of & wall, although exposed corners are discouraged. Wall ends in

exit ramp areas should be protected by an appropriate erash cushionz.

Effects on Traffic

Noise barrier designers and local authorities are often concerned that continuous walls
might tend to constrict traffic flow, lower speeds, or produce accidents. To avoid this
problem, very tall walls (20 or more feet) should be placed 30 to 40 feet from the
roadways. In Minnesota, where this poliecy is followed, engineers monitoring the
aceident situation report no noticable inerease in congestion or accidents after walls
were erected. In fact, accidents in some locations apparently were reduced but further
study is needed to determine whether the barriers had any influence on this,

IRonald M. Canner, Jr., "Minnesota's Experiences with Noise Barrier Systems," Pro-
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11-15, 1978, p. 253.

2 Ivid., p. 253. _
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Fire Hazards

Fire risks ean never be completely eliminated, but eare should be taken to reduce the
probability of fire as much as possible. The effeets of a lightning strike on the barrier
should be considered. A imetal wall could carry a lightning charge a long distance,

inereasing risk of personal contact.

Among the sound absorbing materials that might be used in barriers, one class of
materials - polymer foams ~ do not meet acceptable standards. Polymer foams produce
cyanide or other highly toxie gases when burned, and although some foams are rated
"self-extinguishing," they can continue to burn if fueled by other burning materials that
might be present in an automobile fire. Most fabrie sound absorbers, on the other hand,
ean be treated if necessary with flame retardants, which would make their flame, fuel,
and smoke ratings acceptable for placement near highways.

Finally planners should avoid barrier designs that prevent firefighters from seeing or
gaining access to fire hydrants. One community resolved the problem by installing fire
hose cpenings, simply & hole covered with a square board nailed or hinged over it,
opposite every hydrant on adjacent roads and mounting coded markers on both sides of

the wall.

Other Safety Hazards

Although barriers prevent road surfaces from being blown clear of snow, snow-drifts are
niot usually & problem since most barriers are in urbanized areas which have less drifting

potential and strong maintenance programs,

Walls designed with potential sealers in mind may actually improve freeway safety by
preventing pedestrian and animal erossings which formerly went over, through or under
chain link right-of-way fences. Walls are usually constructed at least a few feet inside
the right-of-way to allow access for future maintenance if needed. Chain link right-of-
way fences are usually removed and adjacent land users may be allowed upon the
remaining right-of-way behind the want,

IRonald M. Canner, Jr., "Minnesota's Experiences with Noise Barrier Systems," Pro~
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11-15, 1978, p.254.
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Durability

A noise barrier should withstand weathering and normal abuse and still retain its
fundamental value for its intended life. Durability requirements ean be met through
attention to detail in design features, connections, and material specifications, For
instance, timber barriers should be of appropriate species and must be seasoned and
treated with e preservative against insects and rot. Earth mounds should be protected
against erosion. Conerete barriers must use materials not susceptible to salt action and
provide adequate cover for reinforcing or prestressing steel. Metal walls must be
protected by galvanizing‘and long lasting corrosion-preventing coatingsl.

Barriers must also be able to withstand wind loads of about 75 mph and should be built
to endure the weight of the expected snow and ice loads,

Maintenance

Since we must meintain everything we build, maintenance requirements play an
important part in barrier selection, The primary consideratons, ease and frequency of
repair, should be taken into account both when choosing an architectural design for the
barriers and when choosing barrier materials.

Noise barriers on the right-of-way line provide the easiest access for maintenance,
Barrier designs should include access gates for maintenance work for walls located off
the right-of-way or on certain types of terrain, Access gates should be designed on a
case-by-ease basis according to the types of equipment that will have to pass through

them.

Certain types of barrier material, notably prestressed concrete panels,will require
virtually no repairs. However, concrete walls attract graffiti which may have to be
removed frequently. To remedy this problem, the wall ean be treated with anti-graffiti
material coating which does not absorb paint, or it can be blocked off by a chain link
fence. Wood plank or earth mound barriers may also be good selections in terms of
their maintenance. Wood planks on posts are easily repaired and dismantled and
discourage graffiti. Earth mounds may also be easy to maintain, especially if there is a
large supply of earth nearby, and are not subject to assault by graffiti artists.

IRonuId M. Cenner, Jr., "Minnesola's Experiences with Noise Barrier Systems," Pro-
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11-15, 1978, p. 257.
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Aesthetics

Appearance

Importance of Appearance

Noise barrier development differs from highway design because material selection and
alignment can have a profound visual impact on both the motorist and the roadside land
user. A much greater emphasis must be placed on the appearance of a barrier than has
been put into the appearance of a road,

The appearance of a noise barrier is probably the one item by which the vast mejority
of the publie will judge the merits of this public works project. True, the residents
behind the wall will judge it on its acoustical value, but they also judge it on its looks
and what it does to their surroundings. The transportation engineers will judge it on its
eost, its durability, its strength, and its safety. However, these groups are only & small
proportion of those that view the barrier daily. A "successful" noise barrier should be
visually pleasing or at least not grossly displeasing to the publie. The question of how
much extra to pay for appearance has no simple answer. One cannot build a Taj Mahal
and expect the public to swallow the costs. On the other hand there is no premium on
ugliness. The challenge is to obtain publicly acceptable funetional good looks out of the

few noise abatement dollars avaﬂablel.

Dealing with Appearance Issues

Quality of appearance is difficult to quantify. People have different preferences and
they change, Candidate barrier systems should not be rejected solely for appearance
reasons. Instead, the final selection of barrier systems for each project should be made
after considerable fnput from the residents and eommunity where the barrier is to be
located. In Minnesota, landscape architects present the designs they feel are
acceptable for the specific site in a public meeting, Their selections are based upon
suitability of the system for the terrain and neighborhood style, and continuity of the
wall designs the motoring public will pass on their route within a matter of minutesz.

1Ronald M. Canner, Jr., "Minnesota's Experiences with Noise Barrier Systems! Pro-
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11-15, 1978, p. 254

2Ivid,, p. 254. 1v-26
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Diffieulties Encountered

The extreme heights needed and narrow right-of-ways available make designing pleasing
barriers along existing freeways very difficult. Frequently a very high straight wall
must be "shoe-horned" into a narrow right-of-way on a steep side slope, with no room
for trees, shrubs, wall bays, or other refinements that help reduce the adverse visual

impact of a noise wall.

Pleasing wall designs are often considerably more difficult to develop when the terrain
is flat and the right-of-way is narrow than when the designer has wider right-of-ways,
undulating” terrain and curved roadways to work with, On the other hand, if terrain is
rugged, achieving acoustical effectiveness becomes more difficult and expensive, In
general, a design tailored from the beginning for pleasing appearance will not entail
large cost penalties. Awvoid the situation where a Iandscaper is iater asked to try to do
something to hide a visual monster erected with little regard to its appearance,

Noise abatement systems along new highways are best developed concurrently and
integrally with the project layout so all parts of the project can better harmonize and
blend with the surroundings. The results of recent attempts to integrate pleasing noise
barriers into urban freeway projects on new locations should be interesting to review

when completedl.

Appearance Factors

Configuration

Appearance depends much on how height changes and alignment changes are handled.
Stepping down the well ends or turning corners helps reduce their visual impact.
Frequent jogs or bays in the wall plan are interesting. A smooth serpentine alignment
can often be pleasing. These features also facilitate massed planting on both sides of a
barrier otherwise impossible in a narrow right—of-wayz.

IRonaId M. Canner, Jr., "Minnesota's Experiences with Noise Barrier Systems,” Pro-
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11-15, 1978, pp. 254~258.

’Intd., p. 255.
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Texture

Surface texture of walls can be created at little added cost by raking concrete surfaces,
exposing posts, hiding posts, adding battens and using color patterns, Treated timber
planks and glued laminated wood panels have a wood grain texture visible to persons
passing nenrbyl.

Color

Paint or stain may be applied successfully te the surfaces of all materials with the
exception of earth and possibly, plastic. Certain woods and steels will weather or
oxidize to an interesting appearance following installation,

Where stucco is used, the top coat ean have color ineorporated into it. Color can also
be added to concrete during the mixing process, although this is not as economical as
might be desired, In the manufacture of conerete blocks, choice of aggregate and
addition of eolor to the matrix ean produce striking eff ects.?

Initial eclor is sometimes a problem with timber walls because it is usually governed by

the type of preservative chosen. All eventually fade to a weathered brown or gray
3 ‘

color.

Site Compatibility

Some materials are more compatible with a particular environment than with another.
As an example, the use of slumpstone block is acceptable in most western or
southwestern urban atreas, but probably would look out-of-place in eastern cities,
particularly in older areas whete brick was used extensively. The manner in which the
barrier flows with the terrain is also important, particularly where alternate cut and fill
or rapidly ehanging terrain situations are encountered.

1Ronata M. Canner, Jr., "Minnesota's Experiences with Noise Barrier Systems," Pro-
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11-15, p. 255,

2Rnndolph F. Blum, "Visual Quality in Noise Barrier Design," Proceedings of Conference
on Highway Traffic Noise Mitigation Conducted by the Transportation Residents Board
for the U.S. Department of Transpartation, December 11-15, 1978, pp. 161-162.

3Ccmner, op. cit., p. 255, 1v-28
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Barriers must also be compatible with adjoining barriers and careful thought should be
given to continuity of appearance along any given route as it traverses an urban area,
With the advent of state and local noise ordinances, new residential developments may
have developer—constx;ucted barriers which either abut existing barriers or which will be
contiguous with future barriers. Often these developer-construeted barriers are not
designed with any factor in mind other than cost and heightl.

Graffiti

Graffiti is.an important aspect of appearance. Problems with graffiti can be handled in
one of three ways. First, the barrier itself may be made of a material that does not
attraet graffiti, such as earth berms or, to a lesser extent, wood posts and planks.
Alternatively, the barrier could be treated with an anti-graffiti material which can be
washed. Finally, access to the barrier can be reduced with the use of chain link fences
or certain architectural designs.

Costs

Source of the Cost Data

The cost information presented below is based on the experience of the State of
Minnesota in 1977.

Barrier Systems Costs

introduction

Every dollar spent on noise barriers means fewer dollars available for needed roadway
and safety improvements. Costs for noise wall systems cover a wide range. Exhibit IV-4
shows some general comparisons between estimated costs of typical designs
accepted for use by the Minnesota Department of Transportation. These costs do not
inelude costs for site preparation, landseaping, engineering, or maintenance.

IRonald M. Canner, Jr., "Minnesota's Experiences with Noise Barrier Systems," Pro-
ceedings of Conference on Highway Traffic Noise Mitigation Conducted by the
Transportation Research Board for the U.S. Department of Transportation, December

11~15, 1978, p. 260.
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EXHIBIT IV-4: ESTIMATED COSTS FOR NOISE WALLS

Type of Barrier

Wood Post Wood
Facing (WPWF)*

Concrete Post Wood
Facing*

Concrete Panels

Glued Laminated
Wood Panel

Metal Post Metal
Facing*®

Embankment Mound

($1,000/KM/SIDE OF HIGHWAY)

4.5 m 6m

(15 ft.) {20 ft.)

Barrier Ratio Barrier Ratio

{1000's) to WPWF (1000's) to WPWF

$ 170 1.0 $ 250 1.0
230 1.4 320 1.3
280 1.7 320 1.3
400 2.4 550 2.2
560 3.3 800 3.2
260 1.6 NA NA

*5ingle Faced
**Double Faced
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Barrier Costs on New vs, Existing Highways

Barrier costs are usually lower when the barrier is constructed at the same time as the
highway rather than as part of a retrofit program. This is because new highway
construction planners take barrier needs into account and sometimes availability of
excess earth and excess right-of-way will permit elimination of walls in favor of barrier

mounds.

Panel Barriers

Examination of Exhibit 1II-5 shows that unit costs of panel designs, particularly the
glued laminated wood panel wall system, are much more sensitive to heights than unit
costs of post supported wall systems, This is because embedment and size increases
affect the whole panel, not just the posts. The low wall is inefficient because
substantial embedments are needed for even low wall heights. The inefficiency of high
panel walls is due to the need for embedments and thicker panels throughout the panel.

Earth Mounds

Earth mound barrier costs increase rapidly with height, but may be extremely cost
efficient when low walls are needed, especially if waste dirt is in goed supply. Earth
mounds are also advantageous in that they are not susceptible to graffiti problems and

need not be painted.

Post and Plank Systems

At 15 and 20 foot height wall levels, timber post and plank systems are by fer the least
expensive to contruct. However, appearance considerations might lead to the choice of
an expensive sysem such as the glued laminated wood panel. Part of the saving arises
from the fact that post and plank systems can be arranged to straddle sewers and
powerlines rather than requiring major working of these other necessary systems. Wood
plank and post systems are also easily repaired and dismantled and discourage graffiti.

Panel/Earth Mound Combinations
Substantial cost savings ean sometimes be achieved by combining a low earth mound
with a panel wall. At going priees in the Twin Cities, a 2.44 m (8 ft.) wide earth mound

with one-on-three side slopes is less expensive than ell walls (except the timber post
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BARRIER HEIGHT {m)

Key to Wall Type Abbreviations

Cc.p,

El MI

G.L.

P.C.P.

W.P.

Treated wood plank facing on prestressed or reinforced concrete posts
Earth mound

Glued laminated wood panel wall

Prestressed conerete panel wall

Treated wood plank facing on treated timber posts

EXHIBIT IV-5: COMPARATIVE COSTS FOR UNIT LENGTH OF COMMON MINNESOTA

NOISE BARRIER SYSTEMS OF VARIOUS HEIGETS
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wall) up to about 3 m (10 ft.), if enough right-of-way is available, Cutting 1.5 to 3 m (5
to 10 ft.) from the height of a panel wall with an earth mound can eut total barrier
costs by up to 25 to 50 percent, depending on local availability and cost of earth fill, A
mound also tends to reduece the apparent height of the barrier, making it more visually
acceptable, and reduces its accessibility to errant vehicles.

Cost Savings Techniques

Wall lengths can be reduced by turning the corner at the edge of the residential
development being proteeted, saving $10,000 to $20,000 per barrier end if the right-of-
way is available and not too expensive. This is because the length of barrier extending
parallel to the extending highway necessary to adequately protect the edges of a
development from flanking noise is about two or four times the setback of homes behind

a barrier.

Total Barrier Project Costs

Barrier costs already discussed do not include costs of construction work necessitated
by the barrier installation. Such items as site preparation, drainage corrections, special
foundation designs, earth retaining designs, and landscaping can contribute materially
to the barrier project costs. Typical project costs are sbout 10 to 20 percent higher
than the barrier cost alone. The overall average cost of noise barrier projects in
Minnesota over the last six years is about $430 per meter ($130 per lin, ft.), including
all work items required for site work, furnishing, installing, and landsecaping the required
barrier. These figures are based on 51.5 km (32 lin. miles) of barrier averaging 5.2 m (17
ft.) in height. More recent barriers are more expensive than earlier walls because of
inflation and a trend toward more costly systems.

As stated earlier, noise barriers included with major contracts for new freeways usually
cost substantially less than walls retrofitted on existing highways. Indeed, some rough
data imply that barrier costs, when part of a major grading contract, are on the order
of one~half to one-third the cost of a retrofit barrier. However, extracting true barrier
costs items from major contract bids is inexact, at best.
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Engineering Costs

Another substantial element in noise barrier costs is engineering costs. These are costs
to the agency for planning, design, construction, contract administration, and inspec-
tion. A study of barriers built in Minnesota in 1976 and 1977 showed that total
engineering costs averaged 16 percent of eonstruetion contract amount. A study of four
projects showed that preliminary engineering ineludes public involvement meetings,
layout, surveys, location and design approvals preparation, and processing of detail
plans, specifications and estimates prior to receiving construction bids, Post-letting
costs ranged between 7.5 and 18 percent, averaging 10.6 percent of the total
construction contract. Post-letting costs include contract administration and inspec—
tion costs,

Summary

Communities planning to build noise barriers should obtain copies of the Federal
Highway Administration's "The Noise Barrier Design Handbook." This handbook was
intended to be a tool for highway designers, but is also useful to local authorities
concerned with nonacoustical aspeets of noise barriers, diseussed here.

Other good sources of information include the following:

Blum, Randolph F., "Visual Quality in Noise Barrier Peslgn," Proceedings of Conference
on Highway Traffic Noise Mitigation Condueted by the Transportation Research
Board for the U.S. Department of Transportation, December 11-15, 1978.

Canner, Ronald M., Jr., "Minnesota's Experiences with Noise Barrier Systems,"'Pro~
ceedings of Conference on Highway Traffic Noise Mitigation conducted by the
Transportation Research Board for the U.S. Department of Transportation,
December 11-15, 1978,
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D. ECONOMIC COSTS AND BENEFITS OF BARRIERS
Barrier Costs

Construetion and Maintenance Qutlays

The construction of noise barriers can result in a substantial investment of highway
dollars, Noise barriers normally are expensive, as the case studies show. Although they
contribute only a small fraction of the cost of a new highway, for an existing highway,
especially one that has a narrow right-of-way, barrier construction is an expensive,
separate project which draws attention in a budget. S5till, where the noise levels are
high and the exposed population is numerocus, barriers are a cost-effective solution to

the noise pollution problem.

The alternatives may be more expensive, and frequently they offer less satisfactory
solutions. However, they may be useful and should be examined. Rerouting traffic may
defeat the purpose of the highway and frequently merely transfers the noise problem to
another location. Speed limitations may increase travel time and congestion and lead
to requests for more highways; in sddition, feasible speed reductions often do not
reduce noise levels very much. Insulation of buildings close to the highway is an
expensive alternative if a large number of dwelling units are involved, and insulation
does nothing to reduce the noise in the yard where people like to garden, ecok, and play.

The earlier highway noise is considered, the less eostly the solutions are likely to be.t
If the highway is a new one, or if major reconstruction or widening is econtemplated,
noise reduction, ineluding the possibility of barriers, can be included in the project
planning. Major economies can be obtained, for example, by using earth from cuts to
build berms and by considering all the drainsge problems and all the underground pipes
and cable disturbances at the same time. In some cases highway noise problems may be
mitigated during the design phases so that barriers may be unnecessary., Certainly,
designing barriers when the highway is landscaped will result in construction that is
more compatible with the environment and will reduce planning costs,

Construction of barriers along existing highwaeys is more expensive, but has an
advantage in that the projects can be scheduled for countercyclical effects, When the

Irederat Highway Administration, Highway Noise Barrier Selection, Design and Con-
struction Experience: A State-of-the-Art Report, 1975.
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construction industry is in a slump, public works projects often can help stabilize
employment and can be performed at lower costs than when men and equipment are in
demand for other kinds of construction. In some situstions highway barriers can be
constructed when prevailing costs are relatively low and when unemployment benefits

can be replaced by wages.

Other Economic Costs of Barriers

In econotnie terms, a barrier's ecost is not limited to the expenditures made for design,
materials, construction, and maintenance. The economic cost of a barrier also includes
the opportunity cost of foregone projects. For example, rather than construeting a
barrier, funds might have been used to improve envircnmental quality along the highway
in some other way, such as landsecaping or increasing litter elean-ups.

Other economic costs associated with barriers include those occurring due to traffie
disruptions during construction and possible unexpected expenses, such as the law suit
judgment rendered in Minnesota requiring the state to pay damages to three property
owners who belived their properties were adversely affected by the noise barriers. That

suit is still under appeal at this time.

Economic Benefits of Noise Barriers

Property Value Improvement

One expected benefit of a noise barrier project is appreciation in the value of homes
adjoining the barrier. Most residents adjacent to a barrier seem to believe it enhances
the value of their property. The actual changes, however, have been difficult to
measure for several reasons, including the following:

1. The expected changes are small, a few percent, and may not be
detectable with statistical confidence unless the sample is large,

2. Differences in individual properties make comparisons difficult.

3. Market conditions cause changes in the value which mask differences
caused by barriers and lower noise levels.
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The results of studies performed to date are inconclusive, though they do indicate that
properties are never adversely affected by noise barriers. An extensive study
condueted in Minnesota anelyzed the effect of barriers on residential property values,
on speed of sale, and the difference between asking price and sale price. Several
locations were analyzed to make two kinds of comparisons: first, a comparison between
the values of homes and empty lots adjacent to the barrier and similar homes and lots in
the same neighborhood but not close to the barrier; second, 2 comparison of the value
of homes and empty lots adjacent to the barrier and similar homes and lots beside the
highway in other neighborhoods where there is no barrier. The study found that sales
prices of -homes adjacent to noise barriers were neither positively nor negatively
affected by the barriers, and that there was no significant difference in the time
required to sell or between the asking price and selling price of homes adjacent to the
barrier when compared to other homes, Vaeant building lots may have had their value
increased by the barriersl. To the extent that this occurred, the city benefited with
inereased property tax revenues. Unfortunately, the Minnesota Department of Trans-
portation was unable to compare the values of the same house or lot (relative to other
properties in the neighborbood) befere and after the barrier was built,

Some communities may justify increases in assessed value of properties shielded by
barriers on studies that have shown that lower highway noise levels are accompanied by

inereases in property values.

Other Economic Benefits

High noise levels affect the mental and physical health of those individuals subjected to
them. These adverse affects may cause the individual to lose sleep, to be less
productive, to make more frequent trips to a doctors, and possibly even to suffer
impaired hearing. All of the effects involve a eost to both the individual and soclety.
Avoiding these effects with noise reduction programs, such as the barrier program, is
therefore a benefit to all concerned.

IHighway Noise Abatement, volume II, technicel report, Minnesota Department of
Transportation, January 1980, section II. p. lii.
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E. FINANCING A BARRIER PROJECT

Methods of Financing a Barrier Project

Most barrier projects are financed 75 to 80 percent with Federal funds, with the
remainder provided by the State. (The Federal government's contribution may be larger
than 80 percent; it may be as large as 95 percent in Public Lands States, those that
have a large concentration of Federal public domain and nontaxable Indian lands.
Exhibit 1IV-6 gives further details). A few barrier projects are financed 100 percent
with State funds or 100 percent with Federal funds. Federal menies are channeled to
the States through the Federal-Aid Highway Program. State funds for barriers may be
obtained in any of several ways. Each of the financing alternatives is discussed below.

1. Federal Funding

Cost Sharing Program

—a

Most barrier programs receive 75 to 90 percent of their funding from the Federal
government — 90 percent when the barrier is to be erected along an interstate highway
and 75 percent for all other highways. Barrier project monies are provided through the
Federal-Aid Program authorized by the Federal Aid Highway Act of 1978 and
administered by the Federal Highway Administration (FHWA) of the U.S. Department of
Transportation. Each year the FHWA publishes a list of funds available to each State
for the upcoming fiscal year, Since the Federal-Aid funds are not earmarked solely for
noise reduction activities, barrier projects have to compete with other State projects

for the monies.

There are significant limitations on the use of Federal funds for barriers and planners
should be sure that their projects will qualifyl. Projects for barriers along existing
highways not undergoing expansion or improvement, Type I projects, normally ean not
be approved for new or recent housing developments, or expansions of existing
developments, The land use (residential, in almost all cases) and activities (residence,
school, library, hospital, nursing home, etc.) must have existed on or before March 16,
1976 for the project to qualify. Exceptions and special situations are deseribed in the
reference cited above.

Details are given in The Federal-Aid Highwey Program Manual, Volume 7, chapter 7,
Section 3, "Procedures for Abatement of Highway Traffic Noise and Construction

Noise," Federal Highway Administration, May 14, 1976.
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INTERSTATE CONSTRUCTION PROGRAM

Percentage of cost

Ratio of designated
of Federal-aid projects

publie lands area 1/

to total area payable by Federal
of State Government

STATE 10% State -

Arizona 4305 94,31

California 1485 91.49

Colorado -1028 91.03

Ideho .2299 82.30

Montana .1209 8i.21

Nevada 7010 85.00 2/

New Mexico .24980 92.49

Oregon 2222 92,22

South Dakotn 1078 91.08

Utah 4238 94.24

Washington 0640 90.64

Wyoming 2556 92,56
1/ Area of unappropriated and unreserved Public Domain Lands and nontaxable

Indian lands.

2/  Maximum amount.
NOTE:  Based on latest available area data furnished by the Department of Interior.
Source: U.S. Department of Transportation, Federal Highway Administration, FHWA

NOTICE N 4540.6, Table 3, May 31, 1979.

EXHIBIT IV-6: SLIDING SCALE RATES OF FEDERAL~AID PARTICIPATION

i e e T

el

IN PUBLIC LANDS STATES
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Projects for barriers along new and reconstructed highways, Type I projects, are divided
into Type 1A, projects on highways where access by intersecting streets and driveways
is limited, and Type IB, projects on highways where access is not limited, Noise control
requirements for the Type IA projects are more stringent than for Type IB because the
relatively frequent openings in noise barriers on unlimited access highways greatly
reduce the effectiveness of the barrier.

The Federal Highway Administration urges state authorities to be as cost effective as
possible when constructing barriers. There is not, however, an upper limit on the
expenditure {on a per mile basis, for example) the state is allowed. There are also no
absolute requirements on how much noise reduction a barrier must achieve or how high
noise levels must be for a project to receive Federal funds.

Demonstration Projects

The Federal Highway Administration's Demonstration Division provides 100 percent
finaneing for innovative projects. Some of the projects receiving 100 percent finaneing
are the results of ideas born at the State level, proposed to and approved by FHWA.
Other demonstration projects may be researched and developed at the Federal level and
offered to the States on a first-come, first-served basis. Funds are limited, and barrier
projeats must compete with other types of highway projects for approval.

Demonstration projects are funded in the interest of advancing knowledge and tech-
nology in highway construction and operation. For this reason, demonstration projects
are subject to relatively large reporting requirements.

2, State Funding

The state is usually responsible for 10 to 25 percent of the outlay necessary for a
barrier project. There are several possible sources for these funds. States may finance
projects using general revenues, special bond issues, part of the State gasoline tax, ot
revenues from toll roads. In only one state, Minnesota, was a fixed part of the revenue
set aside for highway noise reduction. There, between 1875 and 1978, one percent of
the gasoline tax was earmarked for these projects.
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A state may elect to finance a barrier project wholly with its own funds, either because
the State's Federal-Aid Highway program funds are already committed or because of a
wish to avoid the longer projeet planning time involved when Federal funds are used,
One state which has used 100 percent state finaneing is Virginia. In that State, a
barrier on a toll road had to be financed totally from State funds since Federal funds
cannot be expended on toll roads. Al of the required monies were obtained through

state toll revenues.

References

Federal Highway Administration, The Federal-Air Highway Program Meanual, Volume 7,
May 14, 1976.

Mr. R.L. Hundley
Environmental Quality Engineer
Environmental Quality Division
virginia Department of Highways and Transportation

Ms. Jonette Kreideweis
Minnesota Department of Highways
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SECTION V

HOT SPOT (BARRIER)
PROGRAM EVALUATION

A. EVALUATION OF PROGRAM OBJECTIVES

No program should be undertaken without a plan for evaluation. The major objectives
of the Hot Spot program areas follow:

1. In all sections of major highways that pass through densely populated
residential areas in which the highway is the predominant noise source,
reduce the L, in the yards of the residences to 75 dB or lower; where
barriers are installed reduce the L dn by at least 10 dB.

2. Obtain public support for the program before, during, and after eonstrue-
tion of barriers.

3. Cause the value of the residential real estate bordering the highways to
increasse in value,

4. Plan and execute the Hot Spots program economically end cost-effec—
tively with contributions to the economie benefit of the eommunity,

The success of the Hot Spots program in attaining each of its objectives must be
evaluated using quite different methods.

B. EVALUATION OF THE NOISE REDUCTION OBJECTIVE

The evaluation of the Hot Spot program's attainment of its objective of noise reduction
must be measured in two steps. The first step is to determine the fraction of the length
of the highways that met the Hot Spot criteria that actually were treated under the
program. The reasons for failure may have been inappropriateness of the barrier
technique (highrise residences, safety restraints), lack of local funds, or rejection by the
citizens. These represent technieal, financial, and political failures, respectively.
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The second step i5 to measure the noise reductions that were achieved by the barrier
when they were constructed, For a thorough evaluation two sets of acoustical
measurements and one set of calculations are needed. The acoustical measurements
should be in the same yeards of the same houses before and after the barriers were
installed and the landscaping was completed. The locations that were used for the
scanning and the detailed noise measurements in the planning stage should be revisited
and the same measurements should be made with similar equipment at similar times of
dny, week, and year. These acoustical data can be compared to give before and after
information which can be interpreted as comparisons, "everything else being equal,” To
determine what part of the difference in the noise levels is causaily related to the
barriers, it is necessary to ealculate the noise levels at the same location without the
barrier but with the traffic characteristies as they are with the barrier. This
caleulation can be made from current teaffic mix, speed, and volume data as a funetion
of time of day, using the FHWA methods. The difference between the predicted and
the observed noise levels can be used to correct the measured differences. Where the
traffic count and the mix have not changed materially, simple before and after
acoustical measurements, as deseribed above, can be made.

C. EVALUATION OF THE PUBLIC SUPPORT CBJECTIVE

A partial measure of the extent to which the program had public support is the fraction
of the highway lengths that had expenditures for barriers approved by the voters or
citizens' groups to whom the issue was placed. A more satisfactory and complete
measure is the results of surveys of the opinions of the bordering or nearby residents
before and after adoption of the barrier program, such as were condueted in Min-
neapolis and other areas. In that case the responses were received from nearly three
guarters of the residences abutting the barrier, a very high ratio, This response ratio is
itself & measure of public participation which indicated great interest in the issue,

It is important to use the results of the pre-barrier survey in the design of the post-
barrier questionnaire. Because residents tend to form their opinions about the worth of
barriers before they are built and to maintain that opinion after they are completed, it
is important to distinguish and to evaluate separately the responses from residences
that changed hands during the intervel between the surveys. Frequently the respon-
dents' comments are the most informative indication of public support.
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Ideally, a consulting firm or university department that specializes in designing and
conducting surveys should assist in this evaluation, since it is difficult to be sure that
the results of a survey of the public are indications of the quuntity or quality that one
wants to measure. An alternative for communities that find the technical expertise
they need unavailable or too expensive is to use surveys developed for other barrier

program users,

Other measures of support are the degree of public participation by the public in
hearings, in deeision making, in questioning their eleeted and appointed represeniatives,
and in letters to newspapers or calls to radio end television stations. Citizens and
governmerit officials who lead hot spot {barrier) projects should keep attendance
records for meetings and logs of phone calls received, and should contact other possible
comment receivers during the evaluation.

D. EYALUATION OF THE PROPERTY VALUE IMPROVEMENT OBJECTIVE

Changes in the value of property bordering the barriers will be difficult to measure for

several reasons, including:

1. The expected changes are smell, a few percent, and many not be
detectable with statistical confidence unless the sample is large.

2. Differences in individual properties are likely to make comparisons
difficutt.
3. Market conditions are likely to cause changes in the values which mask

differenees caused by barriers and lower noise levels.

Objective comparisons can be made by determining the difference in value between
houses abutting the highway and similar houses farther from the highway before and
after the installation of the barriers. If the areas are full of traet or row housing with
many or all houses substantially identical and with a relatively high turnover, such
comparisons are relatively easy. If the houses are all different and the turnover is low,
such comparisons mey be almost impossible. The ideal situation is to have the same
house sold before and after installation of the barriers with no substantive improve-

ments betweentimes.
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Other objective measures of increased real estate value are the number of building
permits for improvements to houses abutting the highway that ere issued before and
after construction of the barrier. Such improvements are indieations of the owners’
beliefs that the prope'rty is worth improving, and the cost of the improvement is a clue
to the degree of appreciation of the property. In Pennsylvania, for example, a study of
building permits would reveal definite positive expectations for the effects of barriers
on real estate wvalues: new housing construction and redevelopment ‘in the areas
benefited by the barriers in that state incereased significantly.

Usually opinions of realtors, property appraisers, and lending institutions are used as
subjective measures of changes in property value. If the properties along the barrier
are reassessed after the barrier is installed, the change in assessed value is & valid

indicator.

Other measures of the change in value are the rate of sale, the time it takes to sell
property abutting the highway before and aefter the barrier is constructed, and the
change in the rate of turnover of abutting properties,

E. EVALUATION OF THE COST-EFFECTIVENESS OBJECTIVE

Studies of the cost~effectiveness of a barrier program should be conducted before and
after program implementation. The cost-effectiveness evaluation is principally one of
determining whether the program is the cheapest method of attaining the objectives.
The possible alternative metheds of protecting the residents from the high highway

noise levels are the fellowing:

Provide distanee and landscaping

Reroute and slow traffic considerably

Insulate the residences

Repave the highway with smoother materials

Relocate the residents to houses farther from the highway.

The first of these alternatives may be the best solution in some cases, espeeially near
long-term construction sites. The second alternative causes major disruption to the
transportation system and may merely relocate the noise problem. The third alter-
native does not change the outdoor noise levels, so the residents are exposed to the
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same noise when they are in their yards or in rooms with wide open windows. The
fourth alternative may prove to be a viable one in the future, but has not yet been
shown to effeet lasting noise reductions as large as those attainable with berriers. The
last glterpative is desirable only when the number of dwellings is small and when the
noise levels are dangerously high. AN four alternatives are expensive (they are
arranged in rough order of increasing cost), and some do not achieve the same
objectives. Comparison of various strategies will normally be made before barriers are
erected.

If the improvement on real property values along the highway has been measured, such
an improvement is a measure of the economic contribution of the hot spots (barrier)
program to the community. Present velue ealculations of any inereased property taxes
can be applied to reduce the cost of the program. Other measures of the economic
contribution to the community are the stimulation of construction activity and the
resulting employment., The former can be estimated from the contract awerd data, and
the latter can be estimated from the employment records of the project. If the barriers
were construeted during a period of construetion inactivity, all the jobs and construe-
tion money can be regarded as marginal gain rather than substitutional,
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SECTION V1

HOT SPOT IDENTIFICATION AND AERIAL PHOTCGRAPHS

Data on traffie volume and mixture from Standard Metropolitan Statistical Areas
(SMSA's) larger than one million in 23 States (including the District of Columbia) were
eollected, Raw data were transformed into reasonably accurate estimates of noise
levels in order to identify specific sites where the level of noise would be sufficient for

consideration as a hot spot.

After screening the available data (see Appendix A for the screening methodology),
specific sites were selected for more detailed analysis. Aerial photographs were
obiained of the specific sites where traffic counts were taken in order to determine
whether the high noise levels emitted by vehicular traffic were likely to reach nearby
residences. These steps identified actual — areas with residences — and potential —
greas without structures — problem areas of interest fo eitizens and local officials
concerned with noise reductions and compatible land use planning.

Exhibit Vi-1 lists more than 225 sites (places where traffic counts are taken) where
noise levels were high encugh for the sites to be potential hot spots. Concerned
eitizens can use this list as one aid to identify probable noise problems in their areas. It
must be noted that the potential hot spot identifieation Is based on existing traffie
counts, Since the traific counting locations are limited, it is safe to assume that the
number of actual hot spots far exceeds the number that have been identified,

Citizens and local of fielals who know that there is a potential hot spot in their area can
investigate the availability of remedies (see preceding sections). It is important to note
that the ecalculated noise levels are only estimates and that further verification is
necessary before additional steps are taken. The procedures described in Section IV

may be used as a guide.

Asterisks appear in front of some of the sites in Exhibit VI-1. These asterisks indicate
particularly noisy sites for which eerial photographs were obtained. {The number of the
asterisks indicates the number of photographs.) The photographs are reproduced in
Exhibit VI-2. On each photograph an area has been encireled to emphasize the most
probable location of the noisiest spot. Also, every photograph is identified by State,
County, highway and place on highway to facilitate verification.
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Highway

I17
60

85

Highway

Maricopa

County

5

7

10

11

57
* 60
* 51
* 134

210
* 405
* 605

5
55
57
91
605

* 10
15
60
* 91

L.A.

Orange
tf
“

San Bern.

;
Rvrside/SB

. Riverside

¢

-

ARIZONA
Hot Spot
L.ocation

[

Exits 128-129
Exits 149-154
Exits 155-162

Jet. I-10 - exit at Cachis Ave.
Cachis Ave. - Deer Valley Rd.

Jet I-17
Jct. Apache Blvd.

Ject. Dysart Rd. — Jct. 35th Ave.
Jct., I-17

Hot Spot
Eocation

Rte. 605 ~ Rte. 14

Rts. 142 ~ Mile 48.27

all ‘

all

L.A. interchange - Rte. 71
beginning - Rte. 605
all(?)

Rts. 95 & 134W - Rte. 30E

Carson St. - Rte. 210
Rte. 1 -~ Rte. 39

all

all

all

Rte, 405 — county 1line

all SB - Kubic Rd. in Riverside

all SB - Rte. 194 in Riverside

all Riverside

’ EXHIBIT VI-1: LIST OF POTENTIAL HOT SPOTS

Vi-2

P

75.2
Bl.1
77.4

80.2
77.6

5.9
75.5

77.0
78.4

Est. Lda

84.7
84.8
83.3
83.3
81.4
84.7
84.6
8l1.

80.5
82.7
83.4

8.0
B1.2
81.0
83.2
8n.8

78.5
78.4
78.2
81.1
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Highway  County
5 San Diego
8 v
15 .
94
B80S Y
17 Alameda
24
Bo San Fran
92 "San Mateo
101
238 Alameda
280
580 Alameda
680 Ala/Con.Cost.
17 Santa Clara
101
780
680

Counties:

Denver, Adams, Jefferson, Arapahoe,

Highway County
2 Denver
6 Jefferson
25 Denver
30
33
35 Adams
36
40 Denver
70
76 Adams
83 Denver
85 Adams
88 Denver
95 .
121 Jef ferson
225 Denver
270 Adams
2B5 Denver

. e

8th 5t. - Rte. 209

Rte. 163 - Rte. 67 .
Rte. 163 - Miramar Rd.
Rte, 5 - Rte. 125
Sweetwater Rd. - Rte. 5

Rte. 262 & (Ala) - Rte, BOD (Ala)
Rte. 13 - Rte. 680 (Ala)

thru Ala - thru cc

Hayward/San Mateo Br.

thru SF, SM, and MAR.

Rte. 580 - Rte. 17 (Ala)
Westborough Blvd. (SM) - Rte. 101
thru Ala

thru Ala & CC

Rte. 280 - Rte. 237 . g
all

all

King. Rd.

COLORADO

’ APProx.
Station Mile Post # Distance
0 - 59,945 10 mi.
277.355 - 296.322 19 mi.
181.872 - 229.097 47 mi.
0 - 3.984 4 mi,
D - 3.829 4 min
7.806 - 10.075 2 mi.
35.016 - 56.894 22 mi.
296.309 - 307.298 10 mi.
249,049 - 30B.416 53 mi.
6.293 - 12.479 , 6 mi,
70.327 - 77.275 7 mi.
203.850 ~ 236.564 33 mi.
0 - 14.113 14 mi.
0 - 12.99 13 mi.
5.337 - 26.416 21 mi.
.0 -~ 12.311 12 mi.
o - 5,216 5 mi.
255.076 - 272.576 17.5 mi.

EXHIBIT VI-1 - (Continued)

VI3

Est, Ldn

78.9
Bl.6
79.6
78.8
BO,.2

B4.3
79.2
B2.7
77.8
82.4
80.3
77.8
Bl.1
B1.5

80.1
80.9
79.2
76.4

Boulder, Gilpin

Est. Ldan
80,2
83.0
B5.1
78.3
79.7
B0O.2
BG.B
78.7
B4.7
81.1
77.7
80.7
B0.2
77.6
78.2
79.4
78 .7
80.2
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Hot Spot
Highway County - Location
92 Hillsbdrough Counting Station #3
GEORGIA
Highway County  Station
I1-75,I-85 Henry Atlanta 0650-0128
I-758 Stockbridge 0151-2719
I-B3E Atlanta 0650-0319
I-~75N Atlanta 0650-0147
I~285 Atlanta 0650-0243
I-20W Douglas Douglasville 0097-0716
EEPIANA
Counting
Highway # County # Lanes Station No.
1465 Marion 6 465
I70 Waynhe 4 070
I70 Hancock 4 270
165 Lake 4 165
I70 Putnam 4 170
165 Jackson 4 265
I465 Marion 4 385
I65 Marion 8 565
169 Huntington 4 069
RANSAS
Highway # County # Lanes- Station
170 Kansas 2-8 lanes ADT - 12278
. KENTUCKY
Highway # County & Location
175 N. Kenton County (Station 252,272 -

794,072) to N, Bo

EXHIBIT VI-1 - {Continued)

FLORIDA

Est. Ldn

76.2

Est, Ldn
79.5
78.1
77.8
77.7
77.2
77..0 -

Estimated
Nocise Ldn{db)

one County

Vi-4

79.5
79.4
79.0
78.4
78.4
77.6
77.6
77.3
75.4

Est. Ldn

?4.9

Est. Ldn

'80-6
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Counting Est.
Highway = County Station Ldn
Il0 Orleans 188 | 80.4
110 187 79.6
I10 Jefferson 186 78.8
Ilo Orleans 17 78.3
I10 St. Tammany 7 76.6
I10 5 75.2
MARYLAND
Baltimore Mile Est.
Highway County Posts ldn
40 " Balt. 0.00 75.0
50 Ann 0.00 - 4.26 76.0
70 Balt., Howe 2.86 - 13.60 79.5
83 Balt. 0.00 76.3
95 Baltn’ How- 0-00-15-29 78.0
0.00-4.23(new county)
695 Balt. 7.80 79.8
{Washington, D.C. area)
50 Prince Georges 13.14 76.3
. 85 13.57-34.61 78.9
270 Montgomery 7.77 & 18.42 76.9 & 78.2
(two spots)
301 Prince Georges . 1.00 : 75.3
495 Montgomery 1.112 77.0
MINNESOTA
Counting Counting Station Noise
Station Highway Location Level (db)
301 | I94 Victoria St., S$t. Paul 77.8
303 I35,E Arlington Ave., St. Paul 75.9
304 I35,wW CSAH1; Bloomington 77.4
354 TH12 CSAR 17; Lake Elmo 76.9
703 I694 I35,W; New Brighton 76.3
406 CSAH 62 France Ave; EDINA 75.q

EXHIBIT VI-1 - {Continued)

VI-5
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County

Bergen
(317.94)

Gloucester

{148.42)

Essex
538.19

Morris
181.64

Union
367.52

Bergen

Burlington

Rte.

205
BON
26
26

405

Highway
Particulars

N-IT-_J-?
Us-AwW
N-J.—zoa
I-80

1-295

N.J.—-21
N.J.~-21
Doremus Ave.

N.J.-23
I-80
I-287

UIS.—l
U.5.-22

" N.J.~17

County

Clackamas

Multnomah

I-.295

OREGON

Counting Station

Highway

Counting Station

Estimated Noise
Level Ldn (db}

2-1-01
2-3-06
2-4-25
2-1-10

7-1-14
3-3-09
2-3-13
3~3-19
2~1-05
1-1-19
1-1-21

4-3-05
3-1-18

2-4-p2
7-1-13

03-011
03-016
26-001
26-002
26-003
26-004
26-005
26~013
26-016
26-019
26-026

EXHIBIT VI-1 - (Continued)

VI-§

etcl

77.8
75.6
77.0
83.2

79.2

76.9
75.7
75.1

75.1
77.8
76.7

80.0
76.6

77.1
77.3

Lan

80.5
76.5
77.1
79.4
75.

82.0
78.7
81.3
81.9
82.

80.2
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Cleveland Area

Rte.

-—

17

21

71

76

17

84

90

271

480

Begins At
V876 in Cleveland
Mile 14.64 {Cuya)

Memorial Shoreway

SR 21
Mile 17.60 (Cuya)

8. Corp. Cuya. Hts.
Mile 09.76 (Cuya)

Wayne Co. Line
Mile 00.00 (Madi)

" IR 71

Mile 00.00 (Madi)

Miller R4,
Mile 00.82 {Cuya)

SR 306
Mile 08.14 (Lake)

IR 71
Mile 14.90 (Cuya)

Summit Co. Line
Mile 00.00 (Cuya)

Lee Ré&. in Cleveland
Mile 22,38 (Cuya)

Columbus Area
23T T IR 270 N

70

70A

.71

270N

2708

315

Mile 23.02 (Fran)

Clark Co. Line
Mile 00.00 (Madi)

Us 33
Mile 02.29 (Fran)

il

Ends At
W. CTorp. Mentor
Mile 06.12 (Lake)

W. 28Bth St.

Warner Rd.
Mile 17.77 (Cuya)

Approach to E. 71st St.

Mile 10.04 (Cuya)

End at IR90 in Cleveland

Mile 19.12 (Cuya)

Summit Co. Line
Mile 12.03 (Madi)

IR 60 in Cleveland
Mile 15.97 (Cuya)

SR 306
Mile 08.14 {(Lake}

Ashtabula Co. Line
Mile 29.21 (Lake)

IR 90
Mile 0l.75 (Lake)

W. Corp. Warrensville
Mile 22.93 (Cuya)
S. Corp. Delaware

Mile 10.25 (Dela)

Licking Co. Line
Mile 02.38 (Fair)

Est.
7970

77.7
79.1

77.0

78.5
B2.2
77.3
B1.9
79.6

75.5

76.7

79.1

Ends at IR70 in Columbus 82.8

Mile 06.15 (Fran)

{Entire length through Delaware, Franklin,

and Madison Counties is a hot spot area)

IR 70 in Columbus
Mile 00.00 {Fran)

IR 70 in Columbus
Mile 00.00 (Fran)

IR 70 in Columbus
Mile 00.00.(Fran)

N.E. Corp. Worthington

Mile 16.46 {Fran) °

Re—enter Columbus
Mile 16.47 (Fran)

IR 70A
Mile 01.84 (Fran)

EXHIBIT VI-1 - (Continued)
VI-7

B2.4

79.9

79.9

77.7
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Cincinnati Area

Rte.

Begins At

50

50

71

74

75

275

Fairbanks St.
Mile 17.73 (Hami)

Ramp Ent. 6th 5t.
Mile 19.36 (Hami)

Kentucky St. Line
Mile 00.00 (Hami)

North Bend Rd.
Mile 14.66 (Hami)

Expwy.

Ends At

Fairbanks 5t.

Mile 17.73 (Hami)

SR 264
Mile 20.54 {(Hami)

Co. RA. 7
Mile 16.83 (Warr)

us 27
Mile 19.08 (Hami)

(Entire length through Bamilton and Warren
counties is a hot spot area)

Hall Rd.
Mile 21.23 (Hami)

SR 4 in Cincinnati

Mile 00.00 (Hami)

Dallas Area

Counting

Eigbggz Station
35w L-30-70
20 L-202
45 L-452
81 M-1089
35E M-1150
30 M-1180
20 M-1181
175 M5-17
183 MS-55
72 M5-121
20 L-703
635 -
35E
138 .

Houston Area
90 -89
290 M~1039
290 M=-1039
45 MA-16
10 M5=-125
59 MS~174
610

E. Corp. Blue Ash
Mile 30.96 (Hami)

Re~enter Cincinnati

Mile 03.20 (Hami)

TEXAS

County
Terrant
Parker
Ellis
Wise
Denton
Dallas
ballas
Dallas
Pallas
Collin
Kaufman
Dallas
ballas
Dallas

Barris
Harris
Harris
Harris
Barris
Montgomery
Harris

EXHIBIT VI-1 - {Continued)

Y1-8

Est.
Ldn

——

76.8
77.2
80.8
78 .3
83.2
8p.1

78.2

Est.

77 .2

77 .8
79 .8
75.8
77.1
79.1
77.2
77.3
79.6
76.5
77.8
78.7
Bl.2
Bl.3

77.2
76.6
76 .8
80.7
78 .8
78.3
B2.8
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Highway

95
95
95
95
95
95
95
95
95
95 -
95
95

395
3as

395
395
395
395
395
395

66

66
66

Counting
Station

619,634
634,642
610,619
642,123
123,Rt. 1
Rt. 1,642
642,617
617,644
644,895,495
395,495,241
241,Rt, 1
Rt. 1

Rt. 236 -
Seminary Rd.
Seminary Rd.-
Rt, 7

Rtl7 -
Rt.120
Rt.120 -
Rt.127
Rt.27,
Hayes St,
Hayes St.,
Rt. 1

Rtl 1'

14th st.
Bridge

Rt. 50, 123
123,243
243,495

———

VIRGINIA

gt o e ey

Location

Prince Williams
Prince wWilliams
Prince Williams
Fairfax

Fairfax

Fairfax

FPairfax

Fairfax

Fairfax

Fairfax :

City of Alexandria
City of Alexandria
Fairfax Co. & City of Alexandria
City of Alexandria

City of Alexandria
City of Alexandria
City of Alexandria
City of Arlington
City of Arlington
City of Arlington, D.C. Border

City of Fairfax
Fairfax

. Fairfax

WASHINGTON

Seattle Area (King County & Snchomish County)

Highway

ARk A 5
* g

167

* 405

513

518

520

522

County

Snoﬁomish/King
King

r

Mile Posts
144.03~206.29
2.43 - 3.53 '
26.10

0027 - 4,22
0.19

2.78 - 3.55
0-75 - 5017
5.87

Portland Area (Clark County)

" 5

»29 Ex?ﬂgﬂr VI-1 - (Continued)

80.3

VI-9

Est.
1dn

78.51
78.46
75.19
78.82
77 .41
78.56
79.93
80.34
79.27
79.40
79.32
78.32
77.43
77.83

77.41
77.686
77.55
77.28
77.34
79.51

77.05
77.02
77.72

Est. Ldn
80.0
76.8
76.1
77.2
75.4
75,7
75.8
75.2
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Highway

*  1-94
I-94

* 1-894

County

Milwaukee

WISCONSIN

WASHINGTON,

e e e e o e

40-0003
67--0003
40~-0007

DICI

Washington-Baltimore Pkway

N.E.

{550}

Kenilworth Avenue NE
Southwest Freeway SW
Frederick Douglas Memorial

Bridge SE

Mason Memorial Bridge SW.
Woodrow Wilson Bridge SW

{95,495)
Cabin John Bridge

e A ———
g it

Est, Ldn

- i e i

80.9
77.7
77.9
78.2

79.6
77.9

77 .3

EXHIBIT VI-1 - (Continued)

YI-10

Est, LQE
79 - 4
78.3
79.2
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Loa Angeles
134
77.8 ~ 8l1.9 Ldn

California
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SECTION VII

SUMMARY AND CONCLUSION

This document contains information that can be used to facilitate the reduction in the
number of people exposed to L dn greater than 75 dB, or Ldn greater than 65 dB in noise
sensitive areas (hot spots). The goal was to discuss the ill effects resulting from
exposures to high noise levels, and, eonsequently, instilling concern in people affected,
Some solutions were explored and the advantages and disadvantages of particular path
controls were discussed. It was hoped that this would help everyone econcerned with the
problem — from ecitizens living elong busy interstate highways to State highway
engineers — evaluate the appropriateness of particular path econtrols. In addition, hot
spots in Standard Metropolitan Statistical Areas (SMSA's) larger than one million were
identified in order to give illustrative examples of arems that should be of concern for
verification and possible treatment with path controls or compatible land use planning.

It was pointed out that the jll effects from nolse exposures to high level are numerous.
Among others they include possible hearing loss, stress-related increases in blood
pressure, sleep interferences and speech interference. Even though people living in hot
spots may learn to tolerate the high noise levels somewhat, they cannot eseape many of
the health consequences. Therefore, it was concluded that people living in hot spots
should investigate possible remedies to their noise problem.

Initial indications as to whether or not residents annoyed by noise are living in a hot
spot area can be attained without complex measuring equipment by merely following a
simple nornograph (Exhibit IV~1), If results appear positive, more precise measurements
may be requested. And if the initial impression is confirmed, the noise prohlem should
be addressed.

This paper then outlined several possible avenues for seeking relief. Among them are
path controls, like barriers. Citizens are given assistance by making them aware of
pertinent regulations, potential benefits, and avenues for recourse. Local officials ean
also benefit from this information, along with information related to financing, design
and economie benefits, At the state level the discussion about the availability of
outside funding, economic benefits and alternatives to path controls may be of more

interest.
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Section VI entitled, "Hot Spot Identification and Aerial Photographs" was designed to
alert State and local officials concerned with or in charge of the health and wellbeing
of eitizens including planners, and highway engineers, that there may be a problem or
potential problem. They should verify whether or not those remotely identified hot
spots are in fact areas with the high noise levels. If the findings are negative they
should projeet the future traffie flow in order to determine if a noise problem will
likely arise in the near future. If a noise problem is either expected or identified,
positive steps should be taken to bring relief to those people who are adversely
affected, If the hot spot and the surrounding area is not inhabited, steps would be taken
to assure compatible land use. The attached aerial photographs depiet examples of both
conditions.

In conelusion, it should be noted that noise exposures can be unhealthy and that eitizens
can identify a noise hot spot and initiate actions. The solution to the problem invelves
not only citizens but officials of all levels of government. Enough information is
available, in this paper and other publieations, for everyone concerned with the problem
to be relatively well prepared to become involved in solving it. The hot spots
indentified and sites with aerial photographs should be verified and if thete is a problem
if should be properly addressed. The other hot spots identified in this paper should also
be addressed before considering hot spots not identified, but existing or potential hot
spots. The identification of potential hot spots is important because it reduces the
possibility of a serious problem arising in the future.

vi-2




= sy HFIVE AUV IDI0

NuE DG L e
Wit WeRe i L e

APPENDIX A
METHODOLOGY




- snay P VIAF AWWW LDI0

APPENDIX A
METHODOLOGY

The discussion of how highway noise levels can be estimated through the use of a
simplified mathematical model ean be of considerable interest to those eitizens and
officials involved with local noise control. Since the procedure does not necessitate the
use of an acoustician with an electronic hoise-measuring instrument, the estimations
can be done indoors, anywhere a scientific calculator is handy.

But before beginning a how-to description, a few items must be discussed concerning
the development of the mathematical mdoel, as well as its limitations.

First of all, noise is generated by every type of vehicle on a given highway, and each
different vehicle emits a different amount of noise. It is cbvious that a sedan in good
operating condition cannot be considered as noisy as & truck, aithough most people
would agree that a sedan can be compared to a station wagon. To simpiify the
equations, certain categories had to be established, according te how noisy each is. The
final set of divisions for the model presented here breaks all vehicles down into three
types: automobiles, medium trucks, and heavy trucks.

The sources of vehicle noise are varied. It is a combination of engine, exhaust, body,
wind, and tire noise — potentially modified by the roadway or pavement type and by the
dryness of the highway, although no conclusive data have been collected on these last
few sources. Vehicle noise is also modified by acceleration and deceleration. None of
these could be incorporated into the equations.

The different variables which affect vehicle noise emission are too great in number to
list here. Instead, a list will follow which includes all the major assumptions made in

derjving the mathematical model.

1. Since the model was designed to extract maximum noise levels, all traffic is
assumed to be travelling at a constant 55 mph. This means an average output
per vehicle of 72 dB for automobiles, 82 dB for medium trucks, and 86 dB for
heavy trucks. Also important here is the concept of a constant speed. Any
accelerations will, of course, increase the noise levels measured,

A-1
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2.

3.

3.

All highways are assumedq to be straight and level., Curves increase tire frietion
against the pavement, which translates to an increase in decibel levels. An
inelined surface requires the wvehicle to increase its energy output, which
achieves the same results as acceleration.

The ratio of day trafiic to night traffic is assumed to be 83% to 17%. Modelling
tends to assume uniform time flows of traffic. However, the measurement of
Ldn levels requires that all traffic flows be divided into day (7 AM to 10 PM)
traffic and night (10 PM to 7 AM) traffie., According to the widely accepted
standard, it can be assumed that 83% of all traffic traversing s given highway
does so between 7 AM and 16 PM. This does not take into consideration that the
split may be different for different eategories of vehicles.

All lanes are twelve feet wide. In general, this is a safe assumption.

The results obtained through the use of the equations are not meant to coineide
with actual (instantaneous) measurements, The quantity being sought here is the
overall noise level that the populace Is subjected to during the span of a twenty-
four hour time period. Any results obtained are expressed in A-weighted
decibels.

No highway median strip is present on the highway. The type of strip referred to
here is that which separates lanes in opposing directions by dedieating one to
four lanes as unusable, This type of division is rare enough, though, to be
considered negligable.

Topographic effects are not taken into account. Examples are: nearby hilis,
rocks, landmarks, and highways. There is no realistic way any model could take
all these effects into aceount.

The very nature of an assumption implies that a potential for error exists within its
boundaries. When a variable which normally fluetuates in a fairly random fashion is
held constant, a certsin possibility for error always exists. The more assumptions,
made, the simpler the estimation can be. But too few assumptions, and the
mathematical equations become unmanageable and uneconomical. An attempt was
made to strike a happy medium.
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We have just discussed the assumed constants used in model. Now we must discuss the
variables. There are exactly four:

1. ADT (Average Daily Traffic). This is by far the most important variable when
. dealing with highway noise. It measures the aversge number of vehicles
traversing a given point on a highway every day, for all lanes in both directions.

2. Number of lanes. This usually falls between 2 and 12.

3. Fraction of medium trucks. This figure is the average number of medijum trucks
on.a highway divided by the ADT.

4, Fraction of heavy trucks. The average number of heavy trucks divided by the
ADT.

The equations used to calculate the Ldn of a given streteh of highway are given as

follows:

Look-up Table to Determine "L"

# of lanes value of L
1 50927
2 66650
3 72618
4 81364
) 94165
6 104970
7 118725
8 128528
9 137457
10 148230
11 158972
12 169860
Let: Fh = fraction of Heavy trucks
Fm = fraction of Medium trucks
ADT = Average Daily Traffic
Then:
X = 2.426 (Fh/Fm) + 0.0832/Fm + 0.9168
Y = L/X (The variable names X,Y,2
Z = 25067 (Fh/Fm)(Y) were arbitrarily echosen)
A =L~Y~12 . (A = eguivalent number

A-3 .
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of automobiles)

M = Y/12.02 (M = equiv. number of
Medium trucks)

H = 2Z/30.18 (4 = equiv. number of
Heavy trucks)

T = A+M+H (T = reference for equiv.
total traffie)

N = 75 + 10log,, (ADT/T) {N = noise leve, Ly in dB)

This procedure can be performed on a simple home or business eomputer with a simple
program. It can also be performed on & seientific hand-held caleulator. Examples of
the procedure are shown in Exhibit A-1,

Now that the methodology itself has been discussed, it would be appropriate at this
time to include a few words on the collection of the required data. All that is needed
by the equations frequently can be obtained through the individual State Departments
of Transportation. Usually there is a nominal eharge for such information, although it
is often free.

The accuracy of this model has been compared to two majot computer noise models:
the DOT traffic-EPA noise model and the Wyle model. The procedure preduces higher
neise levels than the former and lower levels than the latter, within a range for both of
+4 db to -3 db,

A-4
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Suppose we have obtained the following information about a
specific highway:

ADT = 43,210

Number of Heavy trucks = 1,280
Number of Medium trucks = 3,020
Number of lanes = 8

(1)

{2)

{3)

(4)
(5)

(6)

(7)
(8)
(9)
(10)

Index the appropriate number for L on the lock-up table.

Bere, the corresponding number for 8 lanes is 128528,
Thus, L = 128528. .

Fraction of Heavy trucks = Fh
Fraction of Medium trucks = Fm

BN M M

2

22LE2ZE22 3 m = oW

LIS I I
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1280/43210 = 0.0296.
3020/43210 = 0.0699.

2.426(Fh/Fm) + 0.0832/Fm + 0.9168 -
2.426(0.,0296/0.0699) + 0.0832/0.0699 + 0.9168
1.0274 + 1.1903 + 0.9168

3.1345

L/% = 128528/3.1345 = 41004

.2.5067(Fh/Fm) (Y)

2.5067{(0.0296/0.0699}(41004)
43525

L ~-~Y =2 = 128528 -~ 41004 - 43525 = 43999

Y/12.02

2/30.16
A+ M+ H= 43999 + 3411 + 1443 = 48853

41004/12.02 = 3411

43525/30.16 = 1443

75 + 10 log (ADT/T)

75 + 10 log (43210/48853)
75 + 10 log (0.8845)

75 + 10 (~D.0533)

75 - 0.533

74.5

N i5 the eguivalent noise level, measured in decibels,
Here, the result is 74.5 decibels, a fraction of a
decibel below the 75 dB cut~cff point.

EXHIBIT A-1: SAMPLE PROBLEMS
A=5
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2., Suppose that this time, the following data was obtained:

Vehicle Type Number Observed
# Axles # Wheels
2 2 23
2 4 44502
2 6 1721 {Number of lanes = 4
2 8 17 at this counting
3 8 1763 location)
3 1o 72
4 any B35
5. - any 909
6+ - any 34

What should be done first is to add up all vehicle types
above to get a figure for the ADT. Here, ADT = 49,876.

The next step is to seperate the vehicles by the categories
required by the equations. Heavy trucks are those vehicles
with 3 or more axles. Here, we have the number of Heavy
trucks = 1763 + 72 + 835 + 909 + 34 = 3613.

Thus, Fh = 3613/49876 = 0.0724. Note that since buses were
not explicitly included in the table above, they could not
have been taken into consideration here.

Now, for Medium trucks, which have two axles and six wheels,
we get 4911. Therefore, Fm = 1721/48876 = 0.0345.

It should be added that the 2-axle, 2~wheel vehicles, as well
as the 2-axle, B-wheel ones, were not accounted for by the
eguations, They did not fit any of the categories, so they
had to be gdiscarded.

From the look-up table, we get L = 83364.

= 2,426(0.0724/0.0345) + 0.0832/0.0345 + 0.9168
= 5,0911 + 2.4116 + 0.9168
= 8,4195

83364/8.4195 = 9501
2,5067(0.0724/0.0345)(95%01) = 52084

= 83364 -~ 9901 -~ 52084 = 21379
9901/12.02 = 824
52084/30.16 = 1727

21379 + 824 + 1737 = 23930

75 + 10 log (ADT/T)

2222 ¥ =P e M
ne

= 75 + 10 log {49876/23930)
= 75 + 3,2
= 78.2 dB . EXHIBIT A-1 - (Continued)

A-8




