Aircraft Noise
1 A Cost/Benefit Analysis of Transportation Noise

Problem Statement:

While higtoricd and current efforts to reduce transportationrrelated noise have been
costly to develop, implement and enforce, the nature and magnitude of their specific costs
have not been well documented or accuratdly measured. As a consequence, policy
makers may not have been thoroughly informed with regard to decisons on the design of
noise regulation and control drategies and the dlocation of resources among different
mesesures to reduce noise impacts. Maintaining support for the continued investment in
noise reduction technologies, including noises modeing tools, and the development of
effective noise regulation drategies is contingent upon developing a more complete
understanding of the costs of transportation noise, including the cost associated with
further reductions on noise and the economic impacts of resdua uncontrolled noise.
Likewise it is imperative to understand the measurable benefits of an effective, wdl-
rounded noise control drategy which includes dements of source noise control,
operationa techniques and land-use planning, including the desgn and development of
accurate prediction tools

Resear ch Objective:

The objective of the proposed study isto determine how past funds have been spent with
regard to trangportation noise reduction and to make recommendations on how to best
dlocate future funds, taking into account of the potential benefits associated with
particular decisons. The study will include a generd account of past expenditures and a
related evauation of effectiveness.  In short, the study will address the following three
questions. (1) on what projects have noise-related funds been spent; (2) how effective
were these projects at accomplishing their goa of noise reduction, i.e.,, what benefits
were regped; and (3) how are future noise-related funds best spent. In addition, this study
will result in a guiddines document which will explain the process for conducting a noise
cos/benefit anadlysis. This document will serve as a prototypical cost-bendfit tool.

Cost: $400,000

Duration: 24 Months

2. Development of a Methodology for Quantifying Transportation Noise Exposure
in the United States

Problem Statement:

Each year in the U.S, many millions of dollars are spent on reducing the exposure of
Americans to various types of transportation noise and many governmenta efforts are
amed a improving policies to manage trangportation noise exposure. However, we have
very little idea how many people are exposed to unwanted noise or how these exposures
are varying over time. The last mgor sudies to esimate noise exposure in the U.S. were
conducted nearly forty years ago. Pdliticians, decison-makers, and the generd public



need this information in order to make informed decisons about improving trangportation
noise policies and spending public funds on noise control projects. Thus, a red need
exigs for new gudies to be conducted to estimate the current levels of noise exposure
across the nation.

Resear ch Objective:

It is proposed that a large-scde research program, using a combination of noise modeling
and fidd noise measurements, be implemented to estimate the current levels of exposure
of the U.S. population to arcraft, highway, and ral trandt noise, and to forecast how
these exposures are expected to change over the next severa decades. Because of the
dze of this effort, however, it is proposed that a prdiminary project be conducted to
develop the research methodology and address various technicd issues involved in
implementing such a large-scde study.  The results of the current effort would provide an
asessment of the feashility of quantifying trangportation noise exposure and a detailed
plan for conducting such a study.

Cost: $225,000
Duration: 24 months

3. Aircraft Noise Health Effects Study

Problem Statement:

There has been a steadily increasing concern over the past two decades about the adverse
effects of exposure to transportation noise on the hedth of exposed populations. The
magnitude of these effects have not been fully determined nor have the cogt of the effects.
Mogt of the concern has focused primarily on potentiad cardiovascular effects (eg.,
hypertenson, myocardid infarctions, and arhythmia) and immune sysem deficiencies.
In addition, exposure to trangportation noise and the existence of any of these medica
problems may predispose individuds to a higher level of susceptibility to adverse
physiologica effects from other stressors, including exposure to occupational noise, other
environmental noises, and nonnoise dressors. All of these concerns have been well
documented in the scientific literature, mainly from sudies conducted in Europe, and in
the proceedings of various international scientific conferences such as those sponsored by
the International Congress on Biological Effects of Noise (ICBEN) and the Internationa
Congress on Acoudics (ICA). The recent World Hedth Organization document,
“Guiddines for Community Noisg” (WHO, 2000), aso reported serious concern about
the posshility of adverse effects of community noise exposure on human hedth and
srongly recommended reductions in exposure to community noise, especidly in or near
large cities.

Resear ch Objective:

The current project would develop the detalled methodology for a prospective
epidemiologica fidd dudy of arcraft noise hedth effects.  Although various possble
adverse hedth effects and different transportation noise sources can be studied usng a
vaiety of research dedgns, the recommended approach is to conduct prospective



epidemiologicd sudy (i.e, a longitudind fidd sudy) of possble cardiovascular effects
due to exposure to high levels of arcraft noise. It is recommended that two groups of
people living around maor metropolitan arports (the exposed groups) and two control
populations (the non-exposed control groups) be sdected for incluson in this study. It
will be important to sdlect the exposed and control groups so that there are differences in
their arcraft noise exposure levels, but the tota exposure to norrarcraft noise sources
should be fairly amilar. There should be a least a 20dB DNL difference in the totd
annual arcraft noise exposure between the exposed and control groups, and less than a
5dB DNL difference in exposure to other noise sources for these groups. Also, the
subjects would need to be exposed to only the exposure levels which occur naturdly in
their environment in order to adequately protect the exposed subjects. That is, only
adventitious exposure can be used, with no purposeful additional exposures being added
during the study. Findly, expert epidemiologists would need to agree on the st of
potentidl  confounding persond  ethnogrgphic  variables, which would need to be
controlled through proper subject sdlection procedures. Examples of such variables
include age, s, hedth habits such as smoking, and exising physcad conditions such as
obesity, €tc.

The subjects in this study should be followed for gpproximately ten years, with annud
physicad examinations and hedth questionnaires. The data collected each year would be
andyzed and interim reports published. At the end of the field study, reports on the study
conclusons would be published and the noise policy implications of the findings would
be discussed in a series of nationd forums.

Cost:  $350,000
Duration: 18 Months
4, Aircraft Community Noise | mpact Below 65 dB DNL

Problem Statement:

Long sanding noise assessment methodologies for determining noise impacts from, and
community responses to aircraft flight operations have focused on areas within the 60+
DNL areas and only consder noise from flight operations. These approaches have been
successful in measuring and predicting both noise impacts and anticipating  community
response in those aress relatively close to the arport, where arcraft noise is typicaly the
dominate noise source. Beyond those areas, however, where arcraft noise is not as
ggnificant, there is less underganding of the effects of arcraft noise and the impacts of
changes in flight operations. In areas with lower arcrafit noise impacts dight changes in
the number or path of flight operations may cause community responses tha are not
readily predicted or explaned with current methodologies These community responses
may be due an increase in noise. They may aso be motivated by increased number of
flights or changes in arcreft path and dtitude dbeit with minima changes in noise. To
better understand community response to changes in arcraft operaions resulting in levels
below 60 DNL, more information is needed on the relationship between arcraft noise and
the community’ snoise, flight frequency and arcraft proximity.



Resear ch Objectives:
The objectives of this sudy are asfollows:

() review avalable data from recent argpace and runway projects to determine
accuracy of predicted impacts and community response with actud results;

(2) in light of findings evduate the capabilities of impact predictions and recommend
appropriate revisons, and,

(3) identify and recommend appropriate new impact predictions.

The study would result in atechnica report addressing issues related to community noise
impact below 65 dB DNL.

Cost: $275,000

Duration: 18 months

5. Best Practices for Sound I nsulation Around Airports

Problem Statement:

Currently a large number of arports in the United States are either planning to begin
sound insulation programs, engaged in conducting pilot sound insulation programs, or
actively underteking large-scde, continuing sound insulaion programs.  Although there
is informd communication between adrport officids charged with implementing such
programs, there is no forma guidance or best technological practices from those airports
further dong in their sound insulation programs to asss those arports just beginning
such programs.  In addition, mogt arports manage these programs in very different ways.
There has been no assessment of wha techniques work best in various gtuations,
including how various arports measure the success of a specific insulation program.  In
addition, most sound insulation programs in the U.S. focus on the use of new windows,
new doors and ar conditioning as the primary insulation techniques, and little effort has
goneinto looking a more state- of-the art gpproaches to sound insulation.

Resear ch Objective:

The objective of this research is to identify, categorize, assess and document active sound
inulation programs in the United States and other countries  This will include the
identification of those dements of such programs that ae most effective and those
dements that ae least effective  Smilaly, it will indude a review of the various
approaches used by airports to quantify the success of ther sound insulation program,
incdluding a review and compilation of the testing methods used to fidd-measure the
effectiveness of gpecific insulated resdences. The review will dso include a synopss of
locd building codes, which regulate the insulation of dructures in the vicinity of arports.
This paticular dement of the review will focus on the goplicability and technicd
accuracy and sufficiency of published codes. Based on a review of current practices, a
guidance document will be prepared to asSgt arports in setting up, successfully
managing and quantifying the effectiveness of sound insulation programs. The guidance



documentation will emphasize current dae-of-the at techniques with a god of
identifying more promising techniques that require future investigation.

Cost: $425,000

Duration: 18 months

6. Technical Toolsto Support Land Use Compatibility Planning

Problem Statement:

Land adjacent to airports, highways, and rall trangt lines needs to be developed so that
noise-sengtive uses are prohibited and community development is planned, desgned, and
condructed in such a way that trangportation noise impacts are minimized. In the U.S,
the process used to support decison-meking regarding noise-sendtive land uses is
referred to as land use compatibility planning. However, State and loca governments
often lack the technicd capabilities necessary to successfully conduct noise compatible
land use planning. Research is needed to develop capabilities, which can be effectivdy
goplied to manage locad growth and development with respect to trangportation noise
exposure. These tools should include educationd materids, regulatory program
guidelines, and the necessary technicd and andyticd capabilities required to properly
conduct land use planning.

Proposed Resear ch:

The objective of this research would be to develop technica tools and educationd
materids to be used by dae and loca officas and environmental planners in performing
noise compatible land use planning. Examples of information to be incorporated as part
of the envisoned toolkit would include references to gppropriate noise policies and ANSI
Standards regarding alowable noise exposures for various land uses and presentation of
current “best practices’ used by communities around the country. Examples of andytica
capabilities to be incorporated into the toolkit include adequate noise propagation modds
and Geographic Information Sysdem (GIS) graphica representations of population
digributions and exiging land uses. This proposed project would result in a prototype
land use compatibility planning toolkit ready for an initid tet case involving land use
planing in severd representative  communities and  for various categories  of
transportation noise sources.

Cost: $250,000
Duration: 24 months

7. Synthesis of Noise-effects on Wildlife and Development of Impact Assessment
Guidelines

Problem Statement:
In congdering the effects of trangportation noise on areas adjacent to highways, arports
and ralways, andyss normdly give primary condderdtion to exterior areas of frequent



human use. However, trangportation noise can dso adversdy affect wildlife populations.
Extensve dudies of noise effects on wildlife have been conducted, however an up-to-
date compilation of related research does not exist. In addition, fundamentad wildlife
reearch is extremey codly, and the development of quantitative noise-dose and
quditative wildlife response relationships for a wide range of species is not economicaly
or technicdly fessble. Information is needed on both the short-term and the long-term
effects of trangportation noise disturbance on wildlife.  However, knowledge gained to
date could be used to develop generd guidelines for assessing noise impacts on wildlife.

Resear ch Objective:

The objective of this study would be to develop a compilation of research conducted to
date on the effects of noise on wildlife, with a specific emphasis on trangportation noise.

The effects of noise on different species will be examined. A comparison of work from
differing researchers sudying the same species will dso be incdluded. A paticular
emphasis will be placed on the differing responses to varied transportation noise sources,
eg., highway, arcraft and ral. Based on a review of the compilation, genera technica
guiddines will be deveoped for assessing noise impacts on wildlife. These guiddines
will take into account issues such as mortdity, breeding periods, reproduction, changesin
habits, abandonment and other behavioral responses.

Cost: $325,000
Duration: 24 months
8. Study of Community Response to Non-Aircraft Transportation Noise

Problem Statement:

Current trangportation noise palicies in the U.S. rdy heavily on scientific dose-response
relationships between noise exposure levels and vaious community —responses,
predominantly “community annoyance’. This is dso the goproach used in virtudly every
mgor country around the world and is a vdid bass for environmentd noise management
decisons. It is dso the approach recommended by the World Hedlth Organization in
their recent report, “Guiddines for Community Noisg” (WHO, 2000). However, the
database upon which the community annoyance prediction curve used in the U.S.
(published as ANSI Standard S12.9, Part 3) for the most part contains only aircraft noise
data because community response data for highway and trandt noise exposures are
scarce.  The current U.S. database and community annoyance prediction curve aso does
not address changes in noise exposure and the associated community response as a
function of the time of day, dthough it is well known that trangportation noise exposure
and human activities vary greatly throughout the day. These types of data are needed to
support future improvementsin U.S. noise policies.

Resear ch Objective:

It is proposed that a fiedld research program be designed and implemented to assess
community responses to highway and ral trandt noise, and to invedtigate the effects of
these exposures as they vary throughout the day. The data obtained from this research



will then be used to deveop community annoyance dose-response relationships for nor:
arcraft transportation moddities as a function of the time of day.

Cost: $750,000

Duration: 36 months

0. Research on Helicopter Noise | mpacts to the Community

Problem Statement:

Helicopter noise has become an increasing problem in the United States. Over the past
severd years the FAA, under a mandate from Congress conducted a study of helicopter
noise in urban environments in the U.S. The culmination of that sudy was a Report to
Congress on the gtate of helicopter noise in the U.S.  The study was of limited scope and
hence the report was effectively a synopss of research done to date. However, it
included a comprehensive set of recommendations for additional research that is needed
to better undersand the hdicopter noise issue.  This needs satement focuses on
recommendations in the Report pertaining to research on various helicopter operationd
procedures as a noise mitigation technique.

Resear ch Objective:

As recommended for further research in the Report to Congress, this sudy would focus
on the dedgn and deveopment of operationa techniques and tools for mitigaing
helicopter noise.  The target audience for these tools would be environmenta planners,
city planners, etc. The study would include a feashility andyss of low-dtitude arcraft
tracking systems, the feashility and expected effectiveness of an urban helicopter noise
monitoring system and the development and documentation of quiet flying procedures for
gpecific modd hdicopters which currently do not maintain such procedures.  With regard
to quiet flying procedures the documentation would focus on specific modes of
hdlicopter in various regimes of flight.

Cost: $450,000
Duration: 24 months
Highway Noise

1. Improve the Federal Highway Administration's Traffic Noise Model (FHWA TNM)
to Expand Acoustical Capabilities

Problem Statement:

Snce the reease of the FHWA TNM, users have identified additiond factors that affect
highway traffic noise prediction. Improvement of the modd’s acoudica capabilities will
dlow a more accurate and efficient andyds of traffic noise impacts and development of
more cost-effective noise mitigation.



Proposed Resear ch:
Develop acoudtica improvements to the FHWA TNM  and noise andyss techniques that
address the following requirements:

Effects of Engine Compression Brakes
Trucks travding in the downhill direction, and those dowing down on leve
roadways, often used noisy Engine Compresson Brakes. However, heavy
trucks traveling in the downhill direction are treated in the FHWA TNM in a
manner Smilar to those on level roadways a congtant speeds, i.e. there is no
correction to account for the noise increase due to Engine Compresson
Brakes. The research will develop dgorithms to account for the influences of
these Engine Compression Brakes.

Effects of Structure-Reflected and Generated Noise

Receptors adjacent to bridge structures are often subjected to undesirable
noise levels, even after noise bariers are condructed on the structure.  The
cause of such noise is unclear, eg., does the noise result from vibration of the
structure deck, does the noise result from factors related to different Structure
designs (open beam, box girder, reinforced concrete dab, etc.), or are other
factors involved? The research will determine the mechanisms and/or sources
of the noise emissions, and if there are ways to mitigate the Stuation. Another
issue relates to the degree of influence that may exist due to the open median
area between pardld bridges, and how this may influence overdl noise levels.
The research will determine the source or sources of noiselvibration emissons
from bridge dructures, and quantify the differences that may be associated
with various bridge dedgns.  Feasble mitigation messures and design
gpproaches to minimize sructure noise will be evauated.

Noise Asociated with Weigh Stations, Rest Aress, Service Plazas, and Toll

Facilities
Traffic and activities in these areas dffect adjacent property owners.
Techniques need to be developed and evaluated to address noise-producing
activities, such as truck idling, express lanes, toll booth activities (induding
asociated accderation and decderation), etc. The research will develop
measurement and modding techniques that accuratedly address noise
associated with these activities.

Effectsof High Volumes of Trucks
The FHWA TNM sometimes overpredicts noise levels adjacent to multi-lane
roadways with high volumes of heavy trucks. It is fdt that such
overpredictions may result from a substantid number of vehicles being in the
lanes farther from the receptor, thus being shielded by trucks traveling in the
lane nearest to the receptor. Exiging and future data will be evauaed to
determine  whether  modifications to traffic noise anadyss techniques ae

necessary.



Improvements will dlow a more accurate and efficent andyds of noise impacts and
development of more cost- effective noise mitigation.

Cost:  $450,000

Duration: 36 months

2. Improve the Federal Highway Administration's Traffic Noise Model (FHWA TNM)
Through Additional Validation Studies

Problem Statement:

The FHWA TNM is a date-of-the-art prediction modd that is used to address many
andyss complexities, eg., vehicle emissons, roadway geomelry, Ste characteridtics, etc.
Validation sudies are necessary to ensure accurate andysis of these complexities.

Proposed Resear ch:
Deveop improvements to the FHWA TNM and traffic noise andyss techniques to
address the following:

Effects of Irregular Terrain
Highway dtes may include terran with undulations of vaying sze, with
dopes to and from the roadway to the receiver, or with shap
discontinuities (cut or eevaied roadway). There is a need to vdidate
exiding traffic noise andyds techniques to ensure tha irregular terrain
effects are accurately considered.

Vehicle Source Energy Didribution

In the FHWA TNM, the totdl sound energy emitted by avehicle sourceis
apportioned between two sub-sources before being propagated out to
receptors. Thereisaneed to determineif there is a significant dependence
of subsource-height relationships on vehicle peed, pavement types,
graded versus level roadways, or interrupted-flow conditions.

Improvements will dlow a more accurate and efficent andyss of noise impacts and
development of more cost-effective noise mitigation.

Cost: $300,000

Duration: 24 months



3. Understanding Tire/Pavement Noise Generation Mechanisms

Problem Statement:

European trids, which have concentrated primarily on pavement experiments, have found
that a 10 dB reduction in noise generaion is possble with some advanced porous
highway and rubberized highway concepts. However, these investigations have been
based on large scale fidd tests with limited number of dternatives. The tire carcass has
been dudied for its radiation characteristics. This aspect of the tire is reasonably well
understood. There is some potentid for developing a quieter tire in the frequency range
below 500 Hz by building a tire that does not radiate sound effectively. However, the
interaction of the tire and pavement has not dudied extensvely, primarily because of the
difficulty of making measurements in the contact patch region, and partidly because the
behavior of the tire and pavement is difficult to modd. Above 500 Hz, holography
measurements indicate that the sound generation occurs largely a the entrance and exit of
the tire/fpavement contact paich. These mechaniams of noise generation are not well
undergood. If the mechanisms were better understood, it is possble that sgnificantly
quieter pavements, which are aso durable, safe, and easy to congruct, could be
developed.

Resear ch Objective:

Better understanding of the noise generation mechaniam is required. These mechanisms
are believed to include ar pumping, treed impact, treed release, and tread/pavement
diction. Laboratory studies are necessary to measure each of these mechanisms under
controlled tire/pavement conditions. Measurements should be made of tread block
motion, ar pumping, dynamic pavement drain, and near fidd acoudic radiaion. Such
teing is necessy on dl types of pavement surfaces, including European quiet
pavement aternatives.

US research effort is dso required to consder the potentid for use of European pavement
technology in the US. European condruction gpproaches and materids do not directly
trandate to US congruction techniques or durability and safety standards. Adaptation and
testing of these gpproaches for possble US application is needed. These tests should
include both |aboratory and fidd testing.

Duration: 36 months
Cost: $350,000

4. Methodology to M easurethe In-Situ Acoustical Properties of Noise Barriers,
Pavement, and Sound Propagation.

Problem Statement:

Recent advances in highway traffic noise abatement cagpabilities and noise modeing have
led to agreater need for descriptive measures of the acoustic properties of key Ste
varidblesin thevicinity of the highway . Such key dte variables include the acoudtica
properties of the noise barrier; loca ground properties, and acoustical properties of the



road surfaces. These variables cannot be measured in situ using conventiond
methodologies. At present, these important variables are being gpproximated from
laboratory testing or genera trends reported in the literature. Further, certain sound
property measurements requiring “before” and “after” measurements are often imprecise
due to the challenge of achieving source equivalence. Individua projects must rely on
this data because there is no low-cogt, practica method currently available. Thisleadsto
errors in prediction, which trandates to inaccurate modeling of traffic noise, especidly
during the design of noise barriers.

Resear ch Objective:

Develop ingrumentation and methodology based on modern signd processing techniques
to identify the key acoustical properties of a Site needed for traffic noise prediction.
Techniques are available for making these measurements during periods of heavy treffic
flow because of the patterned impulse nature of the sgnd. The Reflective Index should
provide needed information to alow determination of the important acoustical parameters
such as noise barrier absorption and local ground impedance. With the proper equipment
setup, these in-Stu measurements supply important relationships between the results
determined in laboratory testing and alow more exacting input to support new highway
noise prediction modelsin apractica way. Investigation will include:

- Definition of the methodology required to perform in-situ measurements of the
key acoustica properties of typica highway noise barriers, ground properties, and
roadway surfaces, as well as the entire propagation path from source to receiver;

- Tedting of multiple stes should be done to dlow preliminary comparison of the
results of the derived methodol ogies to the information now being used and to
alow various wall textures and pavement surfaces to be tested. Specific
ingtrumentation requirements, and setup methodol ogies should be explored and
documented during these field measurements.

Duration: 24 months
Cost: $400,000

5. Atmospheric Effects on Highway Traffic Noise Propagation

Problem Statement:

Studies by severd research groups have shown that the amospheric refraction and
scattering effects that occur on the sound wave propagating from a highway traffic source
is a source of eror during prediction and measurement. It is possble for noise leves to
change by as much as 10 decibels or more a a receptor location due to these atmospheric
effects. Due to a lack of research, the FHWA TNM, only alows the user to input data for
temperature and humidity. Exising FHWA modeing policy requires the use of neutrd

atmospheric conditions.



Proposed Resear ch:

Research is proposed to better quantify the atmospheric effects on highway traffic noise
propagation and incorporate them into the FHWA TNM and measurement methodologies.
The following tasks are proposed to accomplish the gods of this research:

1. Utilize exiding data andlor perform messurements of noise leves a
vaying digances and heights from the vehicle path adong with data of
wind speed, wind direction, and temperature. Site geometry should be flat
and open, such that only ground effects geometric spreading and
atmospherics would affect propagation. Normdization of ground effects
and geometric spreading can be accomplished, with the only remaning
variable being atmospherics.

2. Usng the measurement data from Task 1, dong with data from other
relevant studies, develop a prediction scheme.

3. Perform vdidation of the prediction scheme for traffic noise a two "red
world" dtes dong exiging highways, utiliziing the same methodology and
set-up asused in Task 1.

4, Genarate a find report documenting the measurement, prediction, and
validation procedures, anadyses, and results.

Funding this research would provide vduable information for the FHWA TNM, dlowing
increased prediction and cdibration accuracy at grester distances from a highway than
curently possble. This would increase the credibility of the andyss to the public and
provide amore complete picture of traffic noise impacts.

Cost:  $300,000

Duration: 24 months

6. Develop a Methodology for Determining Tire/Pavement Noise Characteristics

Problem Statement:

Traffic noise negativdy impacts the qudity of life for many communities adjacent to
highways. Increesngly, communities ae rgecting roadway capacity improvement
projects, based in pat on exiging noise levels and patidly on the perception that
additional, noticeable noise will be generated by the project. The noise generation
characterigtics of different type of pavements can vary as much as 6-9 dB.

A draft 1SO standard has been developed to measure tire/pavement noise in situ. This
technique dlows quick evduation of pavement and evduation of the long term noise
mitigetion effect of quiet pavements. This ISO standard was developed without any US
teding. There is ds0 no sandard tire for noise testing usng the ISO standard in the
USA. Effort must be invested to identify a standard tire for use in tire/pavement noise
teging. Testing must aso be done to evauate the ISO standard for gpplication in the US.



Resear ch Objectives:

The research objectives should be to:
1. Develop agandard tire for application in tire/pavement noise sudies
2. Devdop agtandard method for testing the tire/pavement noise levels

Tires manufactured for automobiles have many variaions. An effort will be required to
find a tire which is reasonably representative of the complete population and which
reliably ranks pavement for tire/pavement noise characteristics.

The 1SO gandard for measuring tire/pavement noise is a trailer borne microphone array
referred to as the close proximity method (CPX). The data taken aready in Europe and
additiond data taken in the USA will be evauated to ensure that the CPX gpproach, or a
US dternative, is a reiable predictor of passby noise. An dternative usng a sound
intengity probe mounted to a vehicle to capture and andyze spectra data should aso be
considered.

Cost: $300,000
Duration: 36 months

7. Field Evaluation of Reflected Noise for Sensitive Receptors Across from a Non-
Absorptive Noise Barrier Surface

Problem Statement:

Residents on the opposite Sde of a highway from a reflective noise barrier often complain
that congtruction of the barrier has increased noise levels in ther aea The cause and
nature of the perceived increase in noise levelsis not fully understood.

Proposed Resear ch:

Comprehensve sudies of noise level magnitude, annoyance, and in particular 1/3 octave-
band frequency analysis of the noise source spectrum opposite a reflective noise barrier is
recommended. These quantitative andyses will then be used to determine if the
megnitude and/or composition of the noise leve actudly changes, or whether the
complaints are triggered by the psychologicd phenomenon of "barier envy" (nearby
resdents are not recalving a noise barrier when their neighbors do).

Severd date Departments of Transportation should be canvassed where residents have
complained about an increase in noise due to the presence of a recently constructed noise
barrier across the highway. Using informeation about specific Stes provided by the DOT's,
sudy dStes should be sdected that provide equivaent cross-sectiond topography and
traffic operations for both target (across the highway from the reflective barier) and
reference (no barrier) locations. Daa for comparative andyses should be smultaneoudy
collected at various setback distances up to 1000 feet from the roadway. Data should be
collected for target locations rear the center of the barrier, and near the end of the barrier.
Smultaneous data should be collected for reference locations under the same traffic
conditions. A detalled record of meteorological conditions, eg. wind speed and



amospheric  gtability, sould be mantaned during daa collection. Usng annoyance
metrics to identify image events and especidly 1/3 octave-band frequency analysis and
meteorologica data, traffic noise source and reflected spectra should be andyzed. Results
should be assessed againg current prediction methodologies. The andyss should identify
whether or not a measured shift in the overdl noise level and/or frequency content occurs
for a given st of traffic operations. Evauations should consder if the presence of a
phenomenon varies with distance, or is influenced by geometric or physicd parameters
such as barier height, and surface roughness and by vehicle type and under variable
traffic mix scenarios (i.e. high vs. low truck percentages, low vs. high speed tréffic, etc.).

Cost: $300,000

Duration: 24 months

8. Improve the Graphical User Interface (GUI) of the Federal Highway
Administration's Traffic Noise Model (FHWA TNM)

Problem Statement:

The FHWA TNM is the current highway traffic noise prediction modd that incorporates
dsate-of-the-art acoudtical dgorithms in a program with a Microsoft Windows
environment and interna Computer-Aided Desgn Drawing capabilities.  Since the rdlease
of FHWA TNM, users have gained training and experience in its use and have indicated a
desre and need to improve the modd’s GUI. Improvement of the moded’s software
capabilities will dlow a more accurate and efficient andyss of traffic noise impacts and
development of more cost-effective noise mitigation.

Proposed Research:

Develop improvements to the FHWA TNM that address user-identified GUI
requirements.  This effort will require extensve communication and coordination with
FHWA TNM users and, if necessary, could require modifications of model source code.

Improvements will dlow amore efficient analyss.
Cost: $150,000

Duration: 12 months

9. Rumble Strip Noise Reduction

Problem Statement:

As a safety measure many SHA's have ingtaled “rumble’ strips on paved shoulders of
many highways. Designed to dert tired or inattentive drivers that have departed from the
travel lane in time for them to safely recover, rumble strips can creste an undesirable
noise level at adjacent resdentia areas. While rumble strip noise levels have been
researched in the past, this was only to assessthe level generated a a variety of distances
away from the roadway, Ways to reduce the radiated noise levels from rumble strips,



while maintaining the necessary noise level interior to the vehicle, needsto be
investigated.

Resear ch Objective:

The objective of this research project would be to identify dternative designsthat could
effectively dert errant driversthat they are leaving the travel lane without raising the
noise levels at adjacent properties. Phase | would require in-situ measurement of the
current design to establish abase line noise level. Phase Il would test dternative designs
under field conditions. Phase I11 would test dternative designs under field conditions and
Phase |V would result in areport of the resuts.

Cost: $100,000
Duration: 12 months

10. Noise Barrier Costs

Problem Statement:

Cod is a mgor dement in the determination of the reasonableness of condructing a noise
barier. State decisonmakers use many factors in establishing barrier cost, and these
factors may vary by date. Examples of this variation include the manner in which barrier
costs ae reported, eg., lump sum, cost per square foot of barrier, by individua
condruction items, etc., and the effects of incidenta items on cod, eg., right-of-way,
utilities, landscaping, mantenance, dranage, sdfety, aesthetics, design, project
mobilization, maintenance and protection of traffic.

Proposed Resear ch:

A synthess is necessxry to identify the factors that decisonmekers use in determining
noise barier cost. The synthesis should lead to development of best practice guidance for
barrier cost determination.

Funding this research would provide vauable guidance to those involved in evauating
noise barrier reasonableness. This woud increase the credibility of the andyss and the
evauation techniques.

Cost:  $100,000

Duration: 12 months

Rail/Transit Noise
1. Development of a Multi-Modal Noise Model Specifications
Problem Statement:

As population growth and urban sprawl cortinues in the U.S, our transportation
infragtructure is continualy expanding.  Airport authorities are building new runways and



adding terminds, interstate roadways are being widened and new roads are being built.
Rail corridors are being expanded and upgraded to meet the growing demand for regiond
trangportation. The ever-expanding transportation infrastructure in the U.S. comes a a
subgtantiad cogt to the environment, particularly in the area of noise. In fact, in a recent
survey of the 50 mgor US. arports conducted by the Generd Accounting Office (GAO),
it was concluded that noise is the primary environmenta obstacle to growth, both now
and in the future,

The traditiona approach of conducting noise anayses separately by transportation mode
is becoming more and more ingpproprite.  Conventiond wisdom has higtoricaly
dictated that if a noise study was being conducted near an arport al one needed to do
was conduct an INM andyss. Similarly for a highway noise sudy use of TNM, or its
predecessor STAMINA was dl that was needed. A subgtantid portion of the U.S.
population is subject to the combined effects of noise from more than one type of
trangportation source.  In many communities noise from aviation, highway and rall
systems is commonplace.

Unfortunately, there is currently no methodology for smultaneoudy assessng noise from
arcraft, hignway and rail sources. This can result in inaccurate predictions of the noise
environment a locations in the vicinity of multiple transportation sources. There is a
recognized need for a Multi-Moda Noise Modd (MNM) which can be used to compute
the composite noise from multiple trangportation sources.

Resear ch Objective:

The objective of an MNM would be to provide the noise andyst with an easy-to-use,
seamless tool which would adlow the assessment of noise impacts associated with
integrated trangportation corridors which include noise contributions from  arcraft,
highway or ral sources Mog of the building blocks currently exist for the modd,
dthough devdopment of a ral noise modd compatble with the TNM would be
necessary. The research should identify the necessary resources for mode development.
The fina report should include a detalled description of: (1) the MNM input/output
requirements, (2) the MNM GUI, including sample user windows, and (3) the required
modifications to TNM to support a ral noise computationd capability, including the
identification and review of exigting rail noise databases.

Cost
$150,000

Duration:
12 months

2. Directive Transit Vehicle Warning Systems

Problem Statement: Trangt vehicular warning horns are relatively omni-directiona and
can be asource of annoyance in aress of the community adjacent to rail lines. For
example, train horns sounded before grade crossings can have significant impact on



nearby neighborhoods. In some cases whistle bans have been enacted, but with the
unfortunate consequence of increased accidents. More directive horns can “focus’ the
sound toward the ided target areawhere it is needed while minimizing community
impact in other directions.

Resear ch Objective: Desgn and demongtrate examples of directive warning systems
for locomoatives and trangt vehicles conssting of phased arrays of horns using well
established array theory. Establish practical tradeoffs between the degree of directivity
achieved, ruggedness and cost. These designs can then be assessed both theoretically and
empiricaly in terms of community noise reduction that they can provide in terms of
standard measuresincluding Lmax, SEL, Leg, and Lgn for avariety of trangt vehicles.

Cost:
$250,000

Duration:
18 months

3. Simple Construction Site Noise Prediction Procedure

Problem Statement:

No longer can project proponents Smply dismiss condruction noise as a short-term
necessary  conseguence. Today communities are more politicaly organized and
regulatory agencies ae more sendtized regarding the need to successfully mitigate
condruction noise, or ese face the very red thresat that distressed community groups may
bring congruction progress to an expensve and embarassng hdt. To enhance the
congruction noise control date-of-the-art, it is suggested that an improved congtruction
noise prediction model be developed. The modd currently in genera use today stems
from old EPA methods promulgated in the 1970's which are based on noise emisson
source srength levels associated with generic types of equipment.  Shortcomings in the
current modd indude the fact that exiding equipment noise databases are expressed only
a maximum (Lmax) broadband A-weghted emisson levds, which oversmplifies the
importance of frequency (tond) effects, and does not address warning devices such as
back up dams. The tempora (time varying) changes in noise as equipment cycles
through work operations are currently only estimated from acoustic usage factors (U.F),
or the percent of time that equipment is working a full power. Moreover, with better
mufflers and engine housngs, noise emissons associaed with today's typicd
congruction equipment have changed sgnificantly over the course of the past 30 years.
Thus, the current method of modeing condruction noise usng metrics of interest, such
as Leqor L10 percentile levels, are coarse estimates at best.

Fortunately, modern noise measurement indrumentation, combined with the unique fied
data collection opportunities at numerous congtruction projects, provide an opportunity to
quickly develop a much-improved congruction equipment noise database and prediction
mode agorithm on a spectra bass. The frequency-dependent effects of noise barriers,
disance and ground losses, amospheric absorption, and interaction with structures or



buildings can be modded much more accuraidy. Usage factors could potentidly be
diminated by defining a variety of generdlized, process-related condruction activities.
Resulting condruction noise predictions will dill be aie to be evduaed aganst
edablished noise criteria limits, which are typicaly expressed in broadband (A-weighted)
levels. It is envisoned that such a modd can be developed in spreadsheet format usng
commonly available programs such as Excd or Lotusl?23, or as a new TNM module.
Input geometries in the model could be grephicad or tebular (as with TNM), and
congtruction equipment of interest could be selected from database |ookup menus.

Resear ch Objective:
Devdop a new condruction equipment noise spectral database and TNM prediction
module.

Cost:
$450,000

Duration:
24 months

4. Data Synthesisfor Vibration Insertion Loss Afforded Tie and Ballast Trackwork
with Ballast Mats, Tie Boots, and Trenches

Problem Statement:

Increased emphads on a nationd scde is being placed on expanson and refurbishment of
fixed-guideway trangt sysems especidly ded ral/ded whed formas  This has
exacerbated the need for accurate information regarding effective methods of reducing
the potentid adverse effects of trandt-induced ground vibration. Many exiding ral
trangt systems ae in close proximity to dense resdentid and other vibration-sengtive
devdlopment. New ral systems that are in the planning, development, and design stages
ae often located in urban environments very close to vibraion-sengtive use.  This
juxtgpogtion of seemingly incompatible use is not "encroachment” in the traditiond
sense it is actudly desrable and necessary to place these systems adjacent to and within
origin and dedtination uses such as resdences, medicd facilities and high-tech research
and deveopment and manufacturing areas.  Thus, the ability to co-locate trangt systems
with origin and degtination uses, without creating unaccepteble adverse groundbourne
vibration or noise, isincreasingly important.

While the efficacy of the most sophidicated (and most expensive) vibration isolation
systems such as floaing-dab are well documented, there is a definite need for access to
comprehensve information regarding peformance and gpplicability of the more
practicable dternatives of usng bdlast mets, tie boots, and trenching methods of
vibration isolation. This will dlow the sysem desgners, environmentd anayss, funding
agencies, and the affected public a better understanding of the overal effects of the rall
trangt system and the cost/benefit aspects of providing a trandt system that is compatible
with vibration-sengitive uses,



Resear ch Objective:

Synthesize a comprehensve daa base addressng initid and long-term  technica
efectiveness, initid and life-cycle costs, congtruction concerns and delay mechaniams,
and applicability preferences of using balast mats, tie boots, and/or trenching approaches
to vibraion isolation of ral trandt sysems  The synthess could include a meta-andyss
of exising research and where new research might be required, especidly in regard to
performance characterigtics of candidate mitigation options in various soil types.

Cost :
$75,000

Duration:
9 months

5. Vibration Dose-Response Curve Devel opment

Problem Statement:

Vibration propagation through the ground is physicdly very smilar to the propagation of
noise through the air. Vibration and noise are Smilar in other respects as well, however
the criteria by which scientists judge the acceptability of noise and vibration are quite
different.  For example, environmentd noise is typicdly judged on the bass of
cumulative noise exposure using the Day Night Average Noise Leve (Lgy) metric. The
Lo IS essentidly a 24-hour average with a 10-decibel nighttime pendty to account for
people's increased sengtivity to noise a night. The wdl-known "Schultz' curve is a
dose-response relationship between arborne sound levels and percent of people highly
annoyed. This curve forms the bads for the expected change in noise impact due to
ather increasing noise leved or the frequency of occurrence and duraion of noise events.

However, the vibration impacts of trangportation projects are assessed solely on the basis
of maximum vibration leve, and do not generdly take into account the frequency of
occurrence of the events  Attitudind surveys for vibration effects smilar to surveys
used in the "Schultz' curve development, would be required to develop such a vibration
dose-response curve.

Resear ch Objective:

Develop a dose-response curve for vibration and ground-borne noise to assess the change
in annoyance due to a change in the frequency of occurrence and duration of vibration
events.

Cost:
$500,000

Duration:
24 months

6. Transit Warning Signal Dose Response Data Devel opment



Problem Statemert:

The gspecific noise issue in the vicnity of a-grade rall crossng are locomotive warning
horn and crossng bel soundings causng dgnificant noise impacts  The acoudtic
sgnatures of these warning devices are unlike the trangportation vehicle exposures that
are the basis for the dose-response surveys that guide most judgments of environmenta

noise acceptability. For horn soundings, the distance to the 65 dBA Ldn noise contour
can extend as far as 500 to 1000 feet from the grade crossing and can encompass a large
number of homes. Crossng bels, while not reaching as far into the community as
warning horns are dill a subgantid source of annoyance and complaints from nearby
neighbors. It appears that existing criteria do not adequately reflect the potentia adverse
effects caused by these sources.

Proposed Resear ch:

The dose-response data upon which the Schultz curve and its variations are based do not
include locomative warning horn noise or crossing bel noise  This is a shortcoming in
the besis for assessment of trangt project noise impacts. It could be, for example, that the
"dartle effect” of warning horns would result in a 1 dBA dlowable increase.  Or perhgps
the Ldn is the wrong metric to use A comprehendve atitudind survey/noise
measurement program should be conducted to address these issues.

Cost
$230,000

Duration
12 months

7. Program for Reducing the Noise from Corrugationsin Transit Rails

Problem Statement:

The operation of ded-wheded trandt vehicles on ded rals may deveop short-pitch
corrugation of the ralls The interaction of the wheds rolling over the corrugated rails
generates noise with a tona component, which is usudly harsh and uncomfortable for
trangt patrons and obtrusive to waysde receivers, and has been associated with “singing
ral” condition. Severd variables may contribute to the development of corrugetion,
incduding ral ca suspenson components, whed compodtion and  resonance
characteridics, ral metdlurgy, tie spacing (both average distance gpart and vaiation), tie
compodtion, tie or ral fixation, roadbed compostion, and possbly other unknown
edements. Rall corrugation eventudly reaches the point where noise exceeds reasonable
levels and the nearby community complans.  Current practice is to remove rall
corrugation by grinding the ral to restore the origind profile  On some ral trangt
propertiess, a more sophigticated grinding program is followed, which uses multiple
profiles to equdize the wear across the whedl tread, and specid profiles for curves, which
aso reduce whed wear. This program, where rails are ground every two to three years,
reduces corrugation and controls rutting of the whed tread. However, maintenance costs
would be reduced if a desgn solution or preventive measures besides ral grinding could
be found.



Resear ch Objective:

Significant research into this topic has been conducted, and is ongoing esewhere in the
world. A firg objective in the US should be to evauate the date of research elsewhere
and determine its gpplicability to US needs. US research resources can then be amed at
building upon exiding research and integrating these efforts towards achieving solutions.
In generd this research should be directed towards determining the causative
relationships of various design parameters or conditions that contribute to short-pitch rall
corrugation. These include track support siffness, lateral siffness, damping properties,
tie gpacing, whed resonances, ral and whed metdlurgy, tie charecteridics, etic. This
subgtantid  effort will result in devdopment of efficient and effective design gpproaches
and methods for preventing corrugations.

Cost
$500,000

Duration
36 months

8. Transfer Mobility Measurements and Testing Techniques

Problem Statement:

Trandfer mobility measurements are used to help predict vibration and ground-borne
noise impacts from trangt and ral sysems and dso to evauate the effectiveness of
vibration mitigation techniques. Current methods for measuring trander  mobility
between planned or exiging trangt faciliies and nearby sendtive receivers present a
number of problems. For example high background vibration levels in busy urban
environments meke such measurements and andyss difficult and  time-consuming.
Exiging required measurement equipment is cumbersome and often presents logigticad
roadblocks. Newer, less burdensome measurement techniques need to be investigated.

Resear ch Objective:

Investigate and recommend acceptable test parameters of current test methods such as
required signa coherence, and explore newer dternative test methods such as Maximum
Length Sequence technology in order to reduce time and expense with improved
measurement qudlity.

Cost:
$75,000

Duration:
6 months

9. Noise and Vibration from Automated People Movers (APMs)



Problem Statement:

Over 100 APMs of various kinds and sizes now operate around the world. Urban
planners, engineers, and architects often consder usng APMSs to link activity nodes and
sarve remote parking and trangt. They have little data on actua experience with noise
and vibration from APMs  This discourages them from consdering APMs in generd,
and dso from specific gpplications which integrate dations and guideways into urban
buildings. A better understanding of the noise and vibration characteristics of APM’s
may lead to their more widespread use.

Proposed Resear ch:

Define a sample range of APMs and collect consstent, objective data on noise and
vibrations (some of which may dready exis) in a form usgful to planners, engineers and
achitects. Compare these findings with LRT, HRT, bus and other forms of public
transport. Produce a user-friendly database and guidebook.

Cost:
$125,000

Duration:
12 months



