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PREFACE

The use of auditory warnings to warn motorists at highway railroad grade crossings currently
presents a conflict between two community goals: maintaining safety on public roads and
maximizing enjoyment of residential living areas through the elimination or reduction of noise
pollution. The train horn serves as a safety device to warn motorists and pedestrians of the
approaching train. However, the same sound that serves as a warning to motorists may also
annoy a significant proportion of the population living near the grade crossing. In some
communities, the noise produced by the train horn is unacceptable and has generated community
action to address the problem.

The current study represents one of several efforts by the Federal Railroad Administration to
evaluate the effectiveness of auditory warnings designed to promote awareness of approaching
trains. The purpose was to evaluate whether a stationary auditory warning (referred to asa
wayside horn) located at the grade crossing would reduce community noise impact without
adversely affecting motorist safety. This report documents the results of two surveys to compare
the community noise of awayside horn to atrain horn and an analysis of video data regarding
motorist behavior at the grade crossing. Acoustic data were also collected for the wayside horn
and train horn to describe the sound characteristics of each warning signal.

A project of this magnitude and complexity was the work of many people. We would like to
thank our colleagues and associates for their support in accomplishing this study as well as our
partners, the City of Gering, Nebraska and Union Pacific Railroad.

We are grateful to Anya Carroll for her managerial support in getting this project completed on
time. We would like to express our appreciation to Robert DiSario and Peter Mengert for their
expertise in helping us analyze and interpret the data following the completion of the data
collection phase. The many collegia discussions we had resulted in a more focused and polished
study. A specia debt of gratitude is owed to John Pollard for his development and management
of the video equipment, without which the driver evaluation would have been impossible. Special
thanks go to Sarah Maccalous for her work putting the survey datainto a geographical
information system and providing the data needed to properly evaluate the relationship between
resident’ s location and various attributes.

We are deeply grateful to the City of Gering, Nebraska. From their help in recruiting volunteers
to collect the survey data to the installation and maintenance of the wayside horn, they made this
study asuccess. The respondents of the two surveys were generous in giving us their time to
answer our questions.  Wally Baird, Gering City Manager, coordinated our data collection
activities with the Union Pacific Railroad, and provided volunteersto collect the survey data. Jm
Payne and his staff at the utility department kept the wayside horn in good working order and
worked with Union Pacific Railroad when equipment failures occurred.

The actual data collection required the services of many people. We would like to thank Mike
Coplen for his professional execution in working with the City of Gering to collect the survey
data. We thank Gene Corman for going beyond the call of duty in monitoring the operation of the
video equipment and collecting the tapes for us. He kindly included newspaper articles with the
videotapes that described what was happening on the tracks during the time the study was
underway. Thanks are also owed to the participants who volunteered their time to interview the
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residents of Gering and contributed to a better understanding of the factors affecting safety at
highway-railroad grade crossings. The Union Pacific Railroad also gave us their support in
allowing usto test this experimental device. Cliff Shoemaker, Dave McCord, and Bob Rairigh
worked with us and the City of Gering to make the field evaluation go as smoothly as possible.
We would also like to thank Roger Whitaker, Natalia Kreitzer, Terri Burk, Erica Eichelberg, and
Jason Kester of CH,M Hill and Michagl Minor of Sound and Vibration Consulting for their efforts
in collecting the acoustical data.

Thisfield study was funded by the Federa Railroad Administration's Office of Research and
Development. Garold Thomas provided the direction for this study.
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EXECUTIVE SUMMARY

Noise from the train horn is perceived by many residents living near grade crossings as highly
annoying. Railroad operating rules require locomotive engineers to sound the train horn as they
approach a highway-railroad grade crossing. Locomotive engineers begin sounding the horn
approximately 1/4 mile from the highway-railroad grade crossing. This warning exposes a
segment of the local community near the tracks to the sound of the train horn as well as motorists
and pedestrians who may be approaching the grade crossing. However, residents living near the
grade crossing are not the intended target of this auditory warning.

One dternative that has been proposed by some to address the adverse effects of train horn noise
is a stationary horn mounted at the grade crossing. The stationary horn, referred to here asa
wayside horn, is sounded in place of the train horn as the train approaches the grade crossing.
Previous research addressing wayside horns has examined whether the wayside horn is detectable
by motorists. Wayside horns evaluated in the past were less detectable than commonly used train
horns (Keler and Rickley, 1993).

Previous research on wayside horns centered on their acoustic characteristics. Safety and
community noise impact was not addressed, leaving important questions unanswered. One critical
guestion that needs to be answered is whether the wayside horn reduces annoyance to the local
community compared to atrain-mounted horn or whether it smply moves the area of impact to a
different part of the community? Another question that needs to be answered is whether safety is
maintained when a wayside horn serves as the auditory warning in place of the train horn? The
purpose of our research isto answer both these questions.

The current study evaluates the viability of the wayside horn as a warning concept. Although the
study evaluated one particular device in terms of its effectiveness in warning motorists and
minimizing community noise impact, the study is intended as atest of a class of auditory warnings
located at the grade crossing. To the extent other auditory warnings are designed similarly,
comparable performance would be expected.

The study compared the performance of train horns on Union Pecific locomotives (Ledlie 3
chime) to a prototype wayside horn. For the current evaluation, two wayside horns were
mounted on a utility pole with each horn directed toward oncoming traffic, at each of three grade
crossings in Gering, Nebraska.

Community Noise | mpact

To evaluate the community noise impact of the wayside horn, two surveys were administered by
telephone. The first survey measured the impact of the train horn on community noise. The
second survey measured the impact of the wayside horn on community noise. Data from the two
surveys were compared to evaluate the difference between the two warning devices on
community noise impact.

The wayside horn tested was considerably less annoying to survey respondents than the train

horn. The wayside horn reduced noise to levels that were more acceptable to the community. The
wayside horn was less likely to interfere with activities inside or outside the home and generated
fewer actions to minimize the noise. The variable that best predicted if someone was highly
annoyed was the frequency with which the horn was heard. The greater the horn count, the more
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likely aresident was to be highly annoyed. High annoyance level was aso related to the activities
which were interfered with. The relationship between activity interfered with and high annoyance
varied by time of day. During the day, interference with conversation contributed to high
annoyance. During the evening, inference with both conversation and reading contributed to high
annoyance. Finaly, during the night, only interference with sleep contributed to high annoyance.

Acoustic Analysis

The acoudtic analysis was performed to document the sound level and frequency content of the in-
sarvice locomotive horn and the wayside horn being evaluated for their effects on driver safety and
community noise impact in Gering, Nebraska. In addition, the acoustic data collected was compared
to the community noise impact data collected from the survey of the loca residents to examine the
relationship between noise level and annoyance. The objectives were met by conducting sound level
measurements of both the locomotive horn and the wayside horn at fourteen sites surrounding the
three grade crossings in Gering, NE.

At peak sound levels, the wayside horn was approximately 13 dB quieter than the train horn. The
lower sound level of the wayside horn compared to the train horn was a significant factor in
explaining why the wayside horn was perceived as less annoying than the train horn. Unlike the
train horn, the wayside horn did not meet the minimum sound level required of train horns. The
frequency distribution of the wayside horn was similar to the train horns measured in this study.

For the 14 sites where sound measurements were collected, the wayside horn had a negative
community impact only during nighttime hours using guidelines developed by the Federal Transit
Administration (FTA). Only the sites defined as severe impact resulted in community annoyance
high enough to require action to mitigate the noise. For the wayside horn, the location of the
sights defined as severe were al within 100 feet of the track. By contrast, locations defined as
severe impact for the train horn were located up to 1000 feet from the track. Clearly, the wayside
horn impacted residents over a smaller geographical area.

Evaluation of Driver Behavior

The use of an dternative warning device to the train horn must also provide an effective warning
to the motorigt, if accidents are to be prevented. The primary objective of the driver behavior
evaluation was to assess the safety of the wayside horn. To meet this objective, we observed
driver behavior at the grade crossing for both the train horn and the wayside horn. Using video
cameras, we observed when motorists drove through the grade crossing following activation of
the warning systems. We measured both the frequency of the violations and the time to collision.

The safety evaluation suggests that the wayside horn will not result in behavior that puts the
driver at increased risk compared to the use of the train horn. The frequency of violations was
lower for the wayside horn than the train horn, while the time to collision and violation time was
not statistically or practically different for either warning system.

In both the train horn and wayside horn conditions, driver behavior was determined in part by the
presence of the gates. To the extent that gate behavior controls motorist behavior, differences
between the two warning devices may have been masked. Data from Richards et al’s (1991) study
on optimal warning times indicate that as the time delay increases between when the warning is
initiated and the gates completely descend, motorists are more likely to continue through the
grade crossing without stopping. The gate descent time in this study was relatively short (10 s).
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This short descent time may have reduced the overall violation rate compared to grade crossings
with longer descent times.

I mplementation | ssues

The current study did not set out to evaluate how the wayside horn should be implemented to
maximize safety while minimizing community noise impact. Nevertheless, a variety of
implementation issues will impact safety at the grade crossing as well as community noise. Some
of these issues were identified, along with issues they raise and potential solutions. These issues
included method of activation, hardware design and standardization.

Two methods of activation were identified: track circuitry and engineer activated. There are
tradeoffs that must be considered in selecting either method. The engineer activated method has
not been subjected to evaluation in revenue service, but remains a promising approach.
Activation by track circuitry, with constant warning times, is a viable approach if the track
circuitry isreliable. Assuming the track circuitry isreliable, the opportunity to use this method
will depend upon the availability of grade crossings with constant warning track circuitry.
Currently, constant warning time track circuits are available at only a small percentage (13%) of
the grade crossings protected by active warning systems. Although the auditory warning could
also be activated by fixed block track circuits, this approach is problematic. As the time between
activation of the warning device and the actual presence of the train increases, motorists are less
likely to heed the warning.

The current evaluation also identified several design and maintenance issues related to the wayside
horn evaluated for thistest. Exposure of the elements impaired the performance of severd
hardware components. The components of the wayside horn must be designed to withstand the
extremes of weather found in the United States. The system also needs to be designed to
facilitate ease of maintenance. Important design features that contribute to ease of maintenance
include: minimizing the number of components, using modular components that are easy to
replace, and designing the housing to facilitate ease-of-access.

As demonstrated by the annoyance measures in the two surveys and the driver behavior data, the
wayside horn shows promise as a warning device that can reduce community noise impact
without adversely affecting safety. However, there are still important questions that need to be
answered before implementing this device as a subgtitute for the train horn.  The implementation
issues indicate the need for clarifying how the activation method will impact safety at the grade
crossing. The wayside horn also needs to be evaluated at other locations to confirm the benefits
of reduced community noise impact and to insure that driver safety is not compromised. Finaly,
an answer is also needed to the question of what an appropriate sound level isto maintain safety
while minimizing community noise impact. Until these questions are answered, the wayside horn
is not recommended as a substitute for the train horn at highway-railroad grade crossings.

Xi



1. STUDY OVERVIEW

1.1 BACKGROUND

In an effort to alert motorists and pedestrians to the presence of an approaching train and avoid
accidents at highway-railroad grade crossings, locomotive engineers regularly sound atrain-
mounted horn as they approach the intersection. Locomotive engineers begin sounding the
temporal (Ilong-long-short-long) sequence that characterizes the warning signal approximately 1/4
mile from the highway-railroad grade crossing. This warning exposes a segment of the local
community near the tracks to the sound of the train horn as well as motorists and pedestrians who
may be approaching the grade crossing. However, residents living near the grade crossing are not
the intended target of this auditory warning, and the train horn noise is perceived by many
residents living near grade crossings as highly annoying.

Severa attributes contributing to the train horn’s effectiveness as a warning for motorists and
pedestrians aso explain its annoying qualities for residents living near the grade crossing. One
atributeisits signa intensity. The listener perceives signa intensity as loudness. To be detected
by the listener, the train horn signal intensity must be greater than the background noise level.
The higher the signal intengity is above the background noise level, the more likely the listener will
detect the signal. Federal regulations require the train horn to be at least 96 decibels (dBA) 100
feet in front of the train in its direction of travel (CFR 229.129, 1992). The background noise
levelsinside the home may vary between 30 and 50 dB (Sorkin, 1987). A 10 dBA difference
between signal and noise is considered adequate to reliably detect asigna (Boff, Kaufman, and
Thomas 1986; Sorkin, 1987). For aresident living 100 feet from the grade crossing, the signal
may range between 46-66 dBA above the background level outside the house. Thus, the signal
has the potential to be very loud in relation to the background noise level. In actual
measurements, the signal intensity may be lower due to the directional effects of the train horn
signal and obstructions which block the signal from reaching the listener.

The train horn is aso characterized by a broadband signal that can mask sound over awide
frequency range, interfering with conversations and listening to radio and TV at moderate levels.
The frequency range for the most common train horns lays between 250 and 8,000 Hz with the
greatest intensity in the range from 500 to 2,500 Hz (Keller and Rickley, 1993). Speech
interference can occur when noise level rises above 70 dB between the frequency range of 600 to
4800 Hz (Bailey, 1989). The intermittent nature of the train horn signal can also disrupt activities
that require concentration such as reading, as well asinterfering with sleep.

For residents living more than 100 feet from the grade crossing, Table 1 shows how the signal
intensity decreases as distance from the grade crossing increases. The signa intensity decreases
approximately 6 dBA for every doubling of distance. However, the structure of the house plays
an important role in reducing the noise levels experienced inside. The signal loses strength
(attenuates) as it passes through walls and windows. Leaving the windows or doors open,
minimizes this attenuation. During the warm weather, when residents tend to keep their windows
open, they will be exposed to higher train horn noise levels.
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Table 1. Relationship between Distance
of Listener from Train and
Signal Intensity

Distance Signal Intensity
(feet) dB (A)
100 96

200 90

400 84

800 78

1600 72

3200 66

In communities where residents currently perceive the train horn to be annoying, this was not
awaysthe case. In some situations, people moved to locations near the grade crossing during a
period of relatively little or no railroad activity. Consequently, residents heard few train horns and
the level of noise was acceptable. As economic conditions improved and railroad traffic
increased, the cumulative exposure to the train horn noise increased resulting in greater impact on
the local community. ( Borkman, 1991; Sorensen and Hammer, 1983)

Thetrain horn signal is aso beyond the direct control of residents. Sounds tend to be perceived
as more annoying when they can’t be controlled by the individual than when they can (Bailey,
1987).

1.2 SOLUTIONSTO REDUCING TRAIN HORN NOISE

To minimize the impact of train horn noise, residents may take a variety of actions that include:
closing their windows, wearing ear plugs, turning up the volume on their TV or radio, building
fences, and installing insulation. However, these steps vary in their effectiveness and create
additional problems for the resident. Closing windows in hot weather may make the house hotter
and more humid, increasing discomfort. Installing insulation, air conditioners and sound barriers
imposes afinancial burden on the homeowner or landlord.

When enough residents are annoyed, action at the community level may occur. Residents
complaints to government officials may result in a number of solutions being considered. The
solutions include grade separation, grade crossing closure and whistle bans. These solutions are
discussed briefly.

1.2.1 Grade Crossing Closure

Where grade crossings currently exist, the most effective way to avoid grade crossings accidents
isto close the grade crossing. Closing the grade crossings eliminates the intersection between
motor vehicle and train and eliminates the need to provide a warning of the train’s approach.
However, communities may resist grade crossing closures when the perceived costs of closing the
grade crossing such as the additional travel time or providing access for emergency vehicles,
outweighs the perceived benefits. Thus, it is not always feasible to close the grade crossing.
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An dlternative to permanent grade crossing closure is temporary closure, in which the crossing
remains open during the day when most people tend to drive and is closed at night when most
residents sleep. When the crossing is closed, the community can prohibit the horn from sounding.
Achieving atemporary closure requires negotiations among the local residents and between the
community and the railroad. Aswith permanent closure, residents who desire access through the
grade crossing may resist effortsto close the crossing. The community will also need to negotiate
when the crossing will be closed and discuss the impact of this closure on different groups.
Railroads need assurance that the crossing will be adequately protected from motorists attempting
to enter the closed crossing.

1.2.2 Grade Separation

Separating the grade between motor vehicle and train eliminates the intersection between the two
modes of travel and the possibility of collision. By eliminating the grade crossing intersection, it is
no longer necessary to warn motorists. The biggest difficulty in implementing this solution is the
high cost. The high cost of grade separation in an environment of limited financial resources
means that only a small percentage of grade crossings can receive this treatment.

1.2.3 Whistle Bans

Currently there are no Federal regulations that require locomotive engineers to sound the train
horn. The requirement for locomotive engineers to sound the train horn as they approach a grade
crossing arises from railroad operating rules. Inindividual states, laws and regulations vary from
state to state. In Florida, the state legislature passed alaw, allowing communities to ban the
sounding of train horns during certain hours of the day. However, the Federa Railroad
Adminigtration (FRA) (Florida s Train Whistle Ban, 1992) found that the whistle ban led to an
increase in the number of accidents at those grade crossings. Oregon experienced asimilar risein
the accident rate when a whistle ban was imposed in Salem and Eugene (Oregon Public Utility
Commission, 1990).

While the FRA issued an emergency order to preempt the Florida whistle ban and Oregon
repeaed their whistle ban, the original problem remains. The daily exposure to train horns for
many people living near grade crossing reduces their enjoyment of life. Pressure remains to
reduce the annoying effects of the train horn noise. Evaluation of the accident data from the
Florida and Oregon whistle bans shows that the train horn plays a significant role in preventing
collisons at grade crossings.

Pursuant to a Congressional mandate (Title I11 of P.L. 103-440, Nov 2, 1994), the FRA is
working to define “ supplementary safety measures’ which will “fully compensate for the absence
of the warning provided by the locomotive horn.” Once such measures are defined, the FRA must
propose regulations which will require the use of train horns at most crossings except those at
which the defined supplementary safety measures have been applied.

1.2.4 In-Vehicle Warning Device

A number of trends are leading to the development of in-vehicle warning devices that can alert the
motorist to approaching hazards such as police cars, ambulances, fire trucks and trains. Motor
vehicles are becoming better insulated from the sounds outside the vehicle, making it more
difficult to hear auditory warnings of any kind initiated outside the vehicle. New technology
exists that is capable of delivering awarning signal from a moving vehicle or stationary position to
atarget vehicle within a specified proximity to the moving vehicle. These devices work by
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transmitting aradio signal within a specified distance of the transmitter. The motor vehicle
equipped with the appropriate receiver, picks up the signal when it arrives within the range of the
transmitter. Thissignal can be presented to the motorist as a visual or auditory warning, or both.
Motorcyclists, for example, may have difficulty hearing an auditory signal. Inthissituation, a
visud or tactile signal could provide the warning. Providing an in-vehicle warning reduces the
need for an auditory warning outside the motor vehicle. However, the application of in-vehicle
warning technology does not eliminate the need for an auditory warning for pedestrians and
cyclists. In these instances, an auditory warning on the train or at the grade crossing will be
needed to warn of the approaching train.*

While this technology presents a promising approach to the problem of warning motorists without
exerting a negative impact on community noise, it isstill only aconcept. The effectiveness and
reliability of this type of warning device still needs to be evaluated. Thus, it will be some time
before these types of systems are implemented. I these systems are implemented, it will take
years before all vehicles might be outfitted with these warning systems. 1n the meantime, an
effective auditory warning initiated outside the vehicle will continue to play arole at grade
crossings for the foreseeable future.

1.2.5 Wayside (Stationary) Horn

Another solution for reducing the impact of train horn noise on the community isto place a horn
at the grade crossing and direct it toward oncoming traffic. Instead of blowing the horn mounted
on the train, a stationary, wayside-mounted horn would be activated when the train approaches
the grade crossing. For atypical application in which traffic approaches from two opposing
directions, two horns would be mounted at the grade crossing, one facing oncoming traffic in
each direction. Thus, the noise from the horn would be directed where it is needed most, toward
traffic approaching the grade crossing. Residents living near the tracks, but out of the path of the
wayside horn, would receive less exposure to the noise from a stationary device located at the
grade crossing. However, a smaller number of residents living in the path of the wayside horn
might receive greater exposure.

Previous research addressing wayside horns has examined whether the wayside horn is detectable
by motorists. Wayside horns evaluated in the past were less detectable than commonly used train
horns (Keller and Rickley, 1993). The train horns tested contain a broader band signal that is
more difficult to mask than the wayside horn. Rapoza and Rickley (1995), using acoustical data,
determined that a wayside horn with a single tone and a maximum sound level of 87 dBA would
be |ess detectable inside a moving motor vehicle than the Nathan 5 chime and Ledlie 3 chimetrain
horns that predominate on most locomotivestoday. Another study (Saurenman and Robert,
1995) evauating a different wayside horn, but with a maximum sound level of 85 dBA, found
similar results. The motorist could detect the audible warning up to 400 feet from the grade
crossing when the car wasidling. However, for amoving car in which the background noise level
was in the 55-65 dBA range, the motorist would fail to detect the wayside horn in time to stop
before arriving at the grade crossing.

1 |f the auditory warning were intended for pedestrians and cyclists, the sound level of the auditory warning could
be lower, since signal loss from road noise and sound barriers would be less of a problem, and the speed at which
they would move toward the grade crossing would be lower. Warning pedestrians and cyclists is currently
accomplished at actively protected grade crossings by the use of bells located at the crossing.
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Saurenman and Robert (1995) also evaluated whether the wayside horn would serve as an
effective warning for pedestrians. They asked a focus group to rate the effectiveness of the
wayside horn compared to the train horn on alight rail system in Los Angeles. Their results
suggest that the wayside horn would be effective in alerting pedestrians to the presence of an
approaching train.

The research on wayside horns still leaves many important questions unanswered. Currently,
there is no research that specifically addresses whether a wayside horn would reduce the noise
impact on the community. If the wayside horn isto be successful, it must minimize the impact of
the auditory warning on residents living in the vicinity of the grade crossing. Previous research
has addressed the question of effectiveness in maintaining safety by looking at detectability of the
horn. A different method of evaluating safety is to examine driver behavior directly. Rapoza and
Rickley (1995) suggest that drivers will fail to detect the train horn for traffic conditions
commonly found at the grade crossing. However, accident data collected during a study on
whistle bans in Florida and el sewhere shows that the train horn is effective in preventing
accidents. This paradox suggests that we need to improve how we measure detectability of
auditory warnings at grade crossings. 1n the meantime, observing motorist behavior at the grade
crossing will help determine how auditory warnings influence driving behavior. The current study
attempts to address this concern by examining how motorists respond in the presence of a
wayside horn compared to atrain horn.

1.3 PURPOSE OF THE CURRENT RESEARCH

One critical question that needs to be answered before such a device should be implemented is
whether safety is maintained when a wayside horn serves as the auditory warning in place of the
train horn. Another question that needs to be answered before deciding whether thisisan
effective solution, is whether the community noise impact of a wayside horn reduces annoyance to
the local community compared to a train-mounted horn or whether it ssimply moves the area of
impact to a different part of the community.

The purpose of our research isto answer both of these questions. This project is part of a
cooperative effort supported by the FRA and involving the City of Gering, Nebraska, Railroad
Consulting Services, Union Pacific (UP), and Volpe National Transportation Systems Center
(Volpe Center). The remainder of this report describes how the wayside mounted auditory
warning works, the methodology devel oped to evaluate community noise impact and safety, and
presents preliminary observations on the operation of the system and how it affects the local
community.

It isimportant to emphasize that the current research evauates the viability of the wayside horn as
a warning concept. Although the study evaluated one particular device in terms of its
effectiveness in warning motorists and minimizing community noise impact, the study is intended
as atest of aclass of auditory warnings located at the grade crossing. To the extent other
auditory warnings are designed similarly, similar performance would be expected. Additionally,
the current evaluation is not a test of the optimal warning characteristics that might be effective in
achieving the safety and community noise reduction goals of awayside auditory warning system.
The optimal acoustical characteristics of an auditory warning for trains will be considered in
future research.
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1.4 APPROACH
1.4.1 Evaluate Community Noise mpact

To evaluate community noise impact, two surveys were administered to compare the effect of the
wayside horn to the train horn. The surveys asked respondents how annoyed they were by the
two auditory warning devices, the activities it interfered with and what actions they took in
response to the noise.

Acoustic measurements were collected to describe the loudness and frequency distribution of each
auditory signal. As part of this data collection effort, acoustic measurements were made at 11
sites where survey data was also collected so the physical noise measurements could be compared
to the perceived annoyance levels.

1.4.2 Evaluate Safety

To evaluate safety, video cameras were used to observe motorist behavior at the grade crossing.
Safety was measured by observing the frequency with which motorists violated the traffic control
devices warning them of the approaching train. Violations were selected rather than accidents
because they occur at a much higher frequency than accidents. Accidents at one or two grade
crossings occur at too low afrequency to detect performance differences. Motorist violations
represent a reasonable surrogate, since this behavior presages accidents in which the train hits the
motor vehicle.

1.5 ORGANIZATION OF THE REPORT

Since the auditory warning devices evaluated as part of this study are referred to in each chapter,
the description is presented only once, at the end of chapter one, to avoid repeating the
description of each device threetimes. The remainder of this report is divided into five chapters.
Chapter 2 describes the assessment of community noise impact, while chapter 3 characterizes the
acoustic signals that make up the two auditory warnings. Chapter 4 describes the impact of the
wayside horn on driver behavior at the grade crossing. Chapter 5 discusses operational concerns
that may arise depending upon how the wayside horn isimplemented. Chapter 6 summarizes and
integrates the findings from each of the different evaluation tests. Appendices A and B present
the surveys assessing the effects of the two auditory warnings on residents’ annoyance levels.
Appendix C describes how sound is measured and Appendices D and E show the sound
measurements for the train horn and wayside horn, respectively.

1.6 DESCRIPTION OF WARNING DEVICES
Two horn systems were evaluated for this study, a train mounted horn and a wayside horn.
1.6.1 Train Horn

The type of train horn evaluated was determined by the type of horn mounted on the locomotive.
The mgority of the trains observed moving through Gering (approximately 95%) consisted of
Union Pacific locomotives carrying coal. These Union Pacific locomotives contained alLedie 3
chime horn. The engineer typically began sounding the train horn at the whistle post,
approximately ¥4 mile from each grade crossing. The engineer sounded the horn using along-
long-short-long sequence until the locomoative arrived at the grade crossing.
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1.6.2 WaysideHorn

The wayside auditory warning device selected for evaluation was designed by Merrill Anderson of
Railroad Consulting Services, Inc. The device, shown in Figure 1, consisted of a Federal Signal
Selectone horn (model 302-GCX), atone module (Federal Signal Universal Tone Module 13)
containing the sound recording of an air horn and a control board which received the signal from
the track circuitry and activated the horn. On top of the horn case was a Federal Signal strobe
light (model 131ST) that served as avisua signal for the locomotive engineer that the wayside
horn was sounding. A small circuit board and detector installed inside the horn case activated the
strobe light if the horn emitted a signal at least 80 dB. If the wayside horn was less than 80 dB,
the strobe light remained off. In this situation, the engineer would blow the train horn.

The activation of the wayside horn was tied to the same circuitry that activated the crossing gates,
flashing lights, and crossing bells. Gate descent began approximately two seconds after activation
of the flashing lights, bells and wayside horn. When the track circuitry activated the wayside
horn, it repeated the following sequence shown in Table 2 until the train reached the grade
crossing. When the train reached the grade crossing the wayside horn sounded for five seconds.
The system was designed to produce a sound pressure level of 114 dB at 10 feet and 98.9 dB at
50 feet.

Figurel. WaysideHorn

Table2. Wayside Horn Temporal Sequence

Seguence Duration On (s) Duration Off (9)
1 3.0 15
2 3.0 15
3 15 15
4 3.0 15
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Figure2. Wayside Horn on Utility Pole

For the current evaluation, two wayside horns were mounted on a telephone pole as shown in
Figure 2 with each horn directed toward oncoming traffic, at each of three grade crossingsin
Gering, Nebraska. Due to budget limitations, we monitored performance at only two of these
grade crossings. Tenth Street and Country Club Road. The Tenth Street grade crossing
intersects a busy main road (Average Daily Traffic Count = 11,240) running through a
commercially zoned part of town. The Country Club Road grade crossing intersects arelatively
quiet road (Average Daily Traffic Count = 2,415) running through aresidential neighborhood.



2. COMMUNITY NOISE IMPACT EVALUATION

2.1 METHOD
2.1.1 Overview

To evauate the community noise impact of the wayside horn, two surveys were administered by
telephone. The first survey measured the impact of the train horn on community noise levels.
The second survey measured the impact of the wayside horn on community noise levels. Data
from the two surveys were compared to evaluate the difference between the two warning devices
on community noise impact. The two telephone surveys were administered one year apart at the
sametime of year. The train horn survey was administered in July 1994, while the wayside horn
survey was administered in July 1995. Prior to the first survey, the respondents were exposed to
the train horn for aslong as they lived at their current location. For the wayside horn survey,
respondents were exposed to the wayside horn for 5 months prior to the survey.

2.1.2 Sampling Procedures

The sample selected for the two surveys was based upon the distance of the respondent’s home to
the track. Respondents were randomly selected from the population living within 3200 feet of the
track. It was assumed that the sound level from any noise source along the track would be at or
near the ambient or background noise level at distances greater than 3200 feet from the track and
therefore would be unlikely to annoy residents. Noise levels decrease approximately 6 dB for
every doubling of the distance to the noise source. For anoise source with a sound level of 96
dB, 100 feet from the track, the sound level (in afree field environment) should theoretically be
66 dB at 3200 feet from the track. Residents living within this area were considered more likely
to be annoyed than residents living outside this area. The actual noise level for different parts of
the community were measured as part of acoustic tests after the surveys were completed. The
background noise levels varied between 44.0 dB and 74.2 dB, with amean of 53.9 dB.

For the train horn survey, 580 households were called. Fifty-nine percent (342) of those called
completed the survey. The remaining calls consisted of households who could not be reached
(36%) and people who refused to participate (5%). For the wayside horn survey, the 342
households who responded to the first survey were called. Of these 342 households, 69% (236)
completed the second survey. Four percent of those called in the second survey refused to
participated and the remaining 26 percent could not be reached. Of the 236 households who
participated in both surveys, 60% (142) consisted of the same respondent. The remaining
respondents consisted of a different member of the household. As a percentage of the genera
population in Gering, the two surveys represent 4% (train horn survey) and 3% (wayside horn
survey) of the total.

2.1.3 Survey Design

The two surveys asked the same questions of respondents. The questions addressed demographic
characteristics of the respondents and the opinions toward either the train horn or the wayside
horn. The questions asking about the train horn or wayside horn can be divided into three groups.
One group of questions asked when and how frequently they heard the auditory warning as well

as how the noise from the auditory warning affected the respondent. A second group of gquestions
addressed the type of activity the noise interfered with. A third group of questions addressed
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what actions the respondent took to minimize the negative effects of the noise. Appendixes A and
B show the script for conducting the telephone interview and present the questions asked in both
surveys.

Before data from the first survey was collected, the survey was pilot tested on a group of five
respondents to fine tune the instrument and make sure the questions were understandable. The
survey took approximately five minutes to complete.

2.1.4 Interview Procedures

The interviews were conducted by college student volunteers living in and around Gering,
Nebraska. Each volunteer received 1-2 hours of training to conduct the telephone interviews that
included several sessions practicing their technique. They followed the script shown in
Appendixes A and B. The interviewers also received instructions in how to respond to
respondents questions about the research and how to handle questions to which they did not
know the answers.

During the data collection period, the interviewers were given alist of telephone numbersto call.
No names or addresses were given to insure the anonymity of the respondent. If an interviewer
recognized a telephone number, the interviewer was asked to give that number to another
interviewer. When the interviewer called a respondent, the interviewer introduced his or herself
and explained that the purpose of the telephone call was to ask them their opinions about the
noise from the train horn (or the wayside horn). The interviewer asked whether the respondent
was under 18 years old, and proceeded with the interview only if the respondent was 18 years old,
or older. If the respondent was under 18 years old, the interviewer asked to speak to a household
member who was 18 years old, or older. The interviewer conducted the interview until the survey
was completed or until the respondent terminated the interview. At the conclusion of the
interview, the interviewer thanked the respondent for his or her time and answered any questions
by the respondent.

2.2 RESULTSAND DISCUSSION
2.2.1 Sample Demographics

Table 3 and Table 4 show the breakdown by gender and age of the respondents for both surveys
compared to the data from the 1990 census. Compared to the census data for Gering, Nebraska,
a higher percentage of females participated in both surveys, than in the population. While females
outnumber males by 6 percent in Gering, as reported by the 1990 census, the number of females
participating in the two surveys is more than two times the rate of participation of males.

Table 3. Gender Distribution of Respondents

Survey 1990 Census
Gender TranHorn Wayside Horn
Mae 30% 33% 47%
Female 70% 67% 53%

10
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Table 4 shows that the age distributions for the two survey samples was aso different than the
genera population. The age of the respondents was skewed toward older respondents as
compared to the general population. The median age was 35 for the general population.
However, in the two survey samples, the median age was 53 and 58. This age difference between
the two survey samples and the census data in part reflects the interview procedures which
avoided using respondents younger than eighteen. For both surveys, less than one percent of the
population was younger than 18.

Table4. AgeDistribution of Respondents

Survey 1990 Census

Age Train Horn  Wayside Horn

<18 1% 1% 28.8
18-24 6% 3% 7%
25-44 30% 24% 30%
45-64 29% 33% 18%

65+ 34% 39% 17%
Median 53 58 35

Table 5 shows how long the respondents have lived at their current address compared to the
population of Gering. As with age and gender, the respondents’ tenure at their current address
differs from the general population. The respondents in both surveyslived at their current address
longer than the general population. The percentage of respondents who lived at their current
address for 20 years or more was 61% for the train horn respondents and 67% for the wayside
horn respondents, while only 40% of the general population lived at their current address for 20
years or more. At the other extreme, only 21% of the train horn respondents and 15% of wayside
horn respondents for the two surveyslived at their current address for 5 years or less while 46%
of the general population lived at their current address for 5 years or less.

Table5. Tenure Distribution of Respondents

Survey 1990 Census
Tenure TranHorn Wayside Horn
(Years)
1 3% 1% 20%
5 18% 14% 26%
10 17% 17% 14%
20 30% 28% 26%
30 18% 20% 7%
31+ 13% 19% 7%

11



COMMUNITY NOISE IMPACT EVALUATION

Thus, the picture that emerges of the survey sampleis agroup that differs from the genera
population as characterized by 1990 census data. The respondents are predominantly female,
older and have lived at their current address longer than the general population.

2.2.2 Comparison of Annoyance Levels

To assess whether the wayside horn reduced the level of undesirable noise compared to the train
horn, respondents were asked directly how annoying they found the noise from the two warning
devices. Respondents were asked to rank how annoying the noise from the warning device was
on ascaefrom 1to 5, where 1 was not at all annoyed and 5 was extremely annoyed. The values
given by the respondent were then converted to a measure of annoyance that more accurately
reflect the influence of acoustical factors on the respondent: percent of the population that is
highly annoyed. Shultz (1978) indicates that subjective measurements where noise exposure is
extreme results in more agreement among respondents since people have less difficulty sorting out
their feelings about the noise from other nonacoustical factors. Respondents were considered
highly annoyed if they responded with the answer highly annoyed or extremely annoyed.
Respondents were not considered highly annoyed if they answered: not at all annoyed, dightly
annoyed or moderately annoyed. The percent highly annoyed was determined by calculating the
proportion of highly annoyed respondents to the total number of responses.

Attitudes toward the warning devices were measured for different parts of the day since previous
research (Peterson and Gross, Jr., 1974) suggests that people are more sensitive to noise during
the evening and night when the background noise level decreases. Time of day was divided into
three periods. day (7:00 am. to 5:00 p.m.), evening: 5:00 p.m. to 10:00 p.m., night (10:00 p.m.
to 7:00 am.). Figure 3 shows the percent of highly annoyed people for both warning devices, by
time of day. As expected, people were more annoyed in the evening than in the daytime, and
most annoyed at night. This pattern was consistent for both the train horn and the wayside horn.

Comparing attitudes toward the two warning devices, the percentage of highly annoyed people
was lower for the wayside horn than the train horn, for every time of day. These differences are
statistically significant (Day: z = 6.16, df = 98, p <.0001; Evening: z=6.57, df =110, p <.0001,
Night: z=7.98, df=1, p <.0001). Another view of this datais displayed in Figures 4 and 5. Both
figures show two maps of Gering, NE. The mapsillustrate the location of people who were
highly annoyed and those who were not highly annoyed, for the train horn and the wayside horn,
respectively. Figure 4 shows the location of highly annoyed people during the daytime for both
warning devices and Figure 5 shows the location of highly annoyed people at night. In both
figures, the circles represent people who were highly annoyed and the X’ s represent people who
were not highly annoyed. In both figures, it is clear that the number of highly annoyed peopleis
far greater with the train horn than with the wayside horn.

Figure 4 and Figure 5 also illustrate severa other noteworthy points. First, the location of the
highly annoyed residents was not closely related to their proximity to either the track or the grade
crossing for the train. This was surprising, given that noise levels tend to decrease with distance.
Asillustrated in Table 1, in auniform environment, the noise level decreases 6 dB for every
doubling of the distance. It was expected that the number of highly annoyed households would be
greatest near the track or grade crossing, and decline as the distance to the track or grade crossing
increased. This expectation was not observed for the train horn. Instead, the number of highly
annoyed households was distributed throughout the geographical area covered by the surveys.
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Figure 3. Percent of Highly Annoyed People for Two Warning Devices by Time of Day

Thisfinding may be attributed to a number of factors. First, in the real world, obstructions, the
effects of wind, and other weather related events distort the relationship between sound level and
distance from the noise source. Obstructions can block the noise path or amplify the noise, while
wind may accelerate or block the noise path depending upon its direction. Additionaly, the
proximity of the survey areato the noise source (3200 feet at the maximum distance) may have
been too close to observe this relationship. A survey sample that drew from alarge geographical
areamay have enabled usto detect this relationship.

Prior to the study, it was expected that the wayside horn would shift the distribution of highly
annoyed individuals from arelatively broad geographical region to a much smaller geographical
region concentrated around the grade crossing. This shift was not observed. The households who
were annoyed by the wayside horn were more often than not located in the same areas of Gering,
occupied by households who were also annoyed by the train horn. Although located in the same
geographical area, respondents who were annoyed by the wayside horn were generally not
annoyed by the train horn. There were only two cases in which households who were annoyed by
the wayside horn were also annoyed by the train horn.

Given the longer exposure that residents living near each of the grade crossings would have with
the wayside horn compared to the train horn, it was hypothesized that these households would
experience greater annoyance with the wayside horn compared to the train horn. The data
indicates this hypothesis was false. The number of households living near each of the grade
crossings which were highly annoyed was lower for the wayside horn than the train horn. While
the wayside horn reduced the total number of people who were highly annoyed, it did not appear
to concentrate them around the grade crossing.

13



COMMUNITY NOISE IMPACT EVALUATION

An interesting question to consider is what factors makes an auditory warning annoying? One
obvious factor is proximity to the noise source. The closer oneisto the noise source, the louder
the horn signal should be. Another contributing factor is the frequency with which the noise
sourceis heard. The more frequently one hears the horn, the more opportunity to become
annoyed. These two factors were analyzed, along with two others, age and gender, to determine
whether they were effective in predicting high annoyance levels.
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Figure4. Location of Highly Annoyed People During the Day

Age and gender were examined to determine the degree to which characteristics of the individual
contributed to annoyance. Since the sample selection resulted in a sample that differed from the
genera population, examining the effects of age and gender on annoyance level will address the

guestion: did sample bias affect performance? The relationship between actual sound levels and

annoyance was also examined. Chapter 3 discusses this relationship.
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These four factors. proximity, frequency, age, and gender were evaluated using a logistic
regression procedure. Proximity was measured by either the shortest distance of the respondent’s
home to the track or the distance of the respondent’s home to the closest grade crossing. Both
age and gender were unrelated to high annoyance. The fact that age and gender were not
significantly related to high annoyance levels suggests that the results of the survey apply to the
population as awhole. No relationship between annoyance levels and proximity was found,
either. This outcome was surprising, and possible explanations for this result are described
earlier. Only the frequency with which respondents heard the horn was related to annoyance
levels at satistically significant levels (Night: ¢ = 27.39 df =1, p, <.00001). The correlation
between frequency with which the horn was heard and annoyance level was .41 suggesting a
moderately positive relationship between horn frequency and annoyance level. Sorensen and
Hammar (1983) also found that train frequency affected annoyance levels. They found that
annoyance levelsincreased up to sixty trains per day and then leveled off with train frequencies
greater than sixty.
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Figure5. Location of Highly Annoyed People at Night
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| nterference with activities

Respondents were asked the degree to which the noise from the warning devices interfered with
several activities. These activities included the following:

Sleep

Opening windows (ventilation)
Conversation

Radio and/or TV

Reading

Outdoor activities

The two warning devices differed in the degree to which they interfered with activities. Figure 6
shows the percent of households reporting that the warning device interfered with each of six
activities. For every activity, fewer respondents reported the wayside horn interfered with
activities than with the train horn. McNemar paired comparison tests shown in Table 6
comparing the differences between the two samples, reveal that differences between the two
warning devices for each activity were statistically significant. For the train horn, sleep was
reported as the activity most interfered with. Sixty percent of the sample reported difficulty with
sleeping, compared with 20 percent for the wayside horn. Being able to keep the window open
was the second most affected activity, followed by conversation, watching TV or listening to the
radio, engaging in outdoor activities, and reading. For every activity except reading, at least 38%
of the surveyed households reported interference from train horn noise.
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Figure 6. Percent of Households Reporting Interference with Activity
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By contrast, the activity interfered with most by the wayside horn, keeping windows open, affects
only 25 percent of the households surveyed. Less than 20 percent of the survey sample reports
the remaining activities: sleep, conversation, radio or TV, outdoor activities and reading being
interfered with.

Table 6. Percent of Households Reporting I nterference With Activities

Interference Train (%) Wayside (%) Chi-square  Significance

with Activity Value Level *
Sleep 60 19.6 98.02 .0001
Ventilation 52.6 24.7 44.17 .0001
Conversation 49 15.3 75.87 .0001
Radio/TV 41 13.6 58.06 .0001
Outdoor 38.7 14.8 42.92 .0001
Reading 19.1 8.6 18.37 .0001

* Critical Value at 1 degree of freedom = 3.84

Interference with a variety of activities was also examined to understand how they relate to
annoyance levels. It is reasonable to hypothesize that high annoyance levels associated with the
noise from the warning devices are mediated by the activities with which they interfere. The
greater the level of interference in an activity, the greater the level of annoyance. Some activities
may have a greater impact on annoyance levels than others. Shultz (1978) summarized survey
data from avariety of studies examining the effects of transportation related noise on interference
with activities. The dataindicates that train noise interferes most with conversation, followed by
listening to TV and radio, and deep. These noise effects aso apply to disturbances from aircraft.

The data from both surveys shows that the activities interfered with, which are most closely
associated with high levels of annoyance, vary by time of day. During the day, interference with
conversations is the only variable associated with high annoyance levels. Table 7 presents the
significance level for statigtically significant activities. During the evening, interference with both
conversation and reading is associated with high annoyance levels. At night, interference with
deep isthe only activity associated with high annoyance levels.

Table 7. Percent of Households Reporting I nterference with Activities by Time of Day

Timeof Interference Train (%) Waysde(%) Chi Square  df Significance

Day with Activity Value Level
Day Conversation 235 25 22.96 1 .0001
Evening Conversation 32.9 4.3 10.71 1 .0011
Evening Reading 32.3 4.3 4.92 1 .0265
Night Sleep 44.8 6.1 68.85 1 .0001
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Actions taken

The survey aso asked respondents what action they took in response to the noise from the train
horn and the wayside horn. Respondents were asked specifically the degree to which they
engaged in the following actions:

stopped talking

closed windows

increased volume on audio or video equipment
covered ears

wore ear plugs

complained to local officials or railroad
landscaped yard

soundproofed home

considered moving.

Figure 7 shows the percent of households taking actions to minimize the effects of noise for both
of the warning devices. Aswith interference with activities, noise from the train horn resulted in a
much greater impact on residents than noise from the wayside horn. For every activity, a greater
percentage of the surveyed households reported taking actions to minimize the effect of the train
horn than for the wayside horn. These differences are statistically significant as shown in

Table 8.

Regardless of which warning device residents heard, the actions selected most frequently
(stopping conversation, closing windows, and increasing the volume on audio or video
equipment) were easy to implement and required little effort. Actions such as landscaping or
soundproofing which required greater effort or were relatively expensive, were done by a much
smaller percentage of the population and done less often.

18



COMMUNITY NOISE IMPACT EVALUATION

100

90 +

80 +

70 +

60 OTrain
— B Wayside

50 +

40+

Percent of Households

30 +

20 +

il W “HULD_M

Stop talking Close Increase Complain  Cover ears  Consider Landscape  Wore ear  Soundproof
windows volume moving plugs

Actions Taken

Figure 7. Percent of Households Taking Action to Minimize the Effects of Noise from
Warning Device

Table 8. Percent of Households Reporting Actions Taken

Actions Taken Train(%) Wayside (%) Chi-square Value Significance Level *
Stop talking 55.8 11.7 101.08 .0001
Close window 44.6 12.3 45.13 .0001
Increase volume 43.6 14.7 60.80 .0001
Complain 17.9 18 26.69 .0001
Covered ears 17.6 31 33.23 .0001
Consider moving 14.1 6.1 18.27 .0001
Landscape 11.8 0.6 22.32 .0001
Wore earplugs 7.1 18 5.88 .0153
Soundproof 51 12 7.69 .0055

* Critical Value at 1 degree of freedom = 3.84
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2.2.3 Conclusions

The evaluation of community noise impact indicates that the wayside horn tested is considerably
less annoying than the train horn. The wayside horn reduced noise to levels that were more
acceptable to the community. The wayside horn was less likely to interfere with activities inside or
outside the home and generated fewer actions to minimize the noise.

The variable that best predicted if someone was highly annoyed was the frequency with which the
horn was heard. The greater the horn count, the more likely aresident was to be highly annoyed.
High annoyance was a so related to the activities which were interfered with. The relationship
between activity interfered with and high annoyance varied by time of day. During the day,
interference with conversation contributed to high annoyance. During the evening, interference
with both conversation and reading contributed to high annoyance. Finally, during the night, only
interference with slegp contributed to high annoyance.
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3. ACOUSTIC ANALYSIS

3.1 METHODOLOGY
3.1.1 Objectives

The objective of the acoustic analysis was to document the sound level and frequency content of thein-
sarvice locomotive horn and the wayside horn being evaluated for their effects on driver safety and
community noise impact in Gering, Nebraska. In addition, the acoustic data collected was compared
to the community noise impact data collected from the survey of the loca residents to examine the
relationship between noise level and annoyance.

3.1.2 Test Site Selection

The objectives were met by conducting sound level measurements of both the locomotive horn
and the wayside horn at 14 sites surrounding the three grade crossings in Gering, NE. It was
decided that knowledge of the community noise levels throughout the community could be
accurately represented, without becoming too costly, by fourteen measurement sites. These sites
were selected on the basis of how annoyed residents were as predicted by their proximity to the
grade crossing/track. Annoyance was predicted to increase with proximity to the grade crossing.
Of the 14 sites, 3 sites were located in the area predicted to have a very high community noise
impact; 3 sites were located in a high impact area; 3 sites were located in a moderate impact areg;
and 2 sites were located in alow impact area. It was also necessary to locate an additional
measurement site 100 ft from each crossing to accurately document the sound levels of the horns
without the effects of shielding from buildings and other structures. Table 9 shows the location of
each gite, its predicted annoyance level, the approximate perpendicular distance from the
measurement site to the railroad track, and the approximate distance from the measurement site to
the closest grade crossing.

3.1.3 Data Recording Equipment

All 14 sites were instrumented with sound measurement equipment capable of determining the
Sound Exposure Level (SEL) and maximum A-weighted sound levels (L amax) Of individual noise
events. These sites were also equipped with instrumentation capable of recording the spectral
time history of each event.

All 14 sites were instrumented with Bruel and Kjaer Model 2236 sound level meters, set with A-
weighting and slow response characteristics, which recorded the Sound Exposure Level (SEL)
and maximum A-weighted sound levels (Lama) Of each noise event. Additionally, the sites located
100 ft from each crossing were also equipped with Bruel and Kjaer Model 2148 real-time
analyzers which recorded the spectra time history of each event at one second intervals. Wind
speed was measured using a wind cup anemometer; temperature and relative humidity were
measured using a psychrometer. A Doppler radar gun was used to measure train speed.

3.1.4 Procedures

At least Six events were recorded at each microphone location for each horn system. It was
desirable to have measurements conducted simultaneoudly at each location. However, in order to
minimize the number of personnel needed, the measurements were broken down into three sets.
The first set consisted of locations nearest to the Country Club Road Crossing, namely sites 1-4.
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These measurements were conducted on November 7, 1995 and February 7, 1996. The second
set consisted of locations nearest to the 10th Street crossing, namely sites 5-9. These
measurements were conducted on November Sth, 1995 and February 8, 1996. The third set
consisted of locations nearest to the 7th Street crossing, namely sites 10-14. These measurements
were conducted on November 8th, 1995 and February 7th, 1996. Although these two sets of data
were taken during different seasons, (summer and winter) the atmospheric differences would have
anegligible effect on the sound levels at distances where measurements were taken.

Table9. Measurement Site L ocations

Site Location Predicted Distance From Distance From
No. Annoyance Level Track (ft) Crossing (ft)
1 100 ft from Country Club 100 100
Road Grade Crossing
2 19Toluca High 980 1245
3 2560 Pacific Blvd. Very High 321 1189
4 2525 Ponder Place Moderate 1517 1572
5 1225 Pawnee Court Very High 460 1252
6 1705 Bluff View Dr. Low 2182 2574
7 1340T St Moderate 1446 1500
8 Gardner Park, corner of Very High 919 982
11thand T St.
9 100 ft from 10th St. Grade 100 100
Crossing
10 100 ft from 7th St. Grade 100 100
Crossing
11 Gering Senior High School,  High 1039 1158
corner of 9th and R St.
12 500 P Street High 980 1707
13 McKinley Elementary Moderate 1503 1928
School, corner of 6th and O
St
14 1325 8th Street Low 2507 2593

Cdlibration of all acoustic systems occurred before the start of each measurement day and at
hourly intervals thereafter. An observer was located at each measurement location to start and
stop the data recording capabilities of the sound level meter at the beginning and end of each
event. An*“event” consisted of the portion of the train pass-by during which the horn could be
heard. Due to unforeseen circumstances, the exact time of the train pass by was not known.
Often, due to the curvatures of the track, the first indication of an approaching train was the
sounding of the horn. Therefore, the first portion of the warning signal may not have been
recorded by the sound level meter. Fortunately, because at that time the train was at such a great
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distance from the measurement locations, the missing portion of the signal would not have
contributed significantly to the sound exposure level, and certainly would not have been the
maximum sound level. The observer aso documented any extraneous noises (car doors,
airplanes, etc.) that occurred during an event, and their sound levels relative to the horn. Ambient
(background) noise levels were recorded for five to ten minute periods between events.

For consistency, train horn measurements were made only when locomotive speed ranged
between 22 and 28 mph. Due to an unforeseen derailment, the speed limit through the area was
reduced to 25 mph, and the train speeds recorded were substantially lower than the train speed
typical for this section of track. Locomotive speed was monitored and recorded by the observer
located 100 ft from the crossing using a Doppler radar gun. Wayside horn system measurements
were made between scheduled trains acoustic contamination from the train horns. Personnel from
the city of Gering were on hand to actuate the horn system.

Meteorological dataincluding temperature, relative humidity, wind speed, and wind direction was
recorded within fifteen minutes of each event by the observer. No acoustic measurements were
made if there was any precipitation or snow cover. If the winds were in excess of twelve mph, the
datafor that event was discarded to avoid acoustic contamination.

3.1.5 Data Reduction

Sound Level

The events recorded by the sound level meters at each microphone location for each horn system
were downloaded into a spreadsheet file. Appendix C describes how sound is measured and the
practical significance of the sound measures derived for this evaluation. Events were determined
to be bad and discarded if: 1) the train speed was not between 22 and 28 mph, 2) the wind wasin
excess of 12 mph, or 3) the observer noted that traffic or other extraneous noises significantly
contaminated the event. An average SEL and L ama fOr each warning device at each microphone
location was then calculated. The average SEL was used to calculate a day-night average sound
level (Lgn) at each microphone location, as follows:

Lan = SEL + 10 log (number of traing/day + 10(number of trains/night)) - 49.4

Where SEL isthe average SEL for each measurement location. The average number of trains
during daytime (7 am to 10 pm) and nighttime (10 pm to 7 am) hours was determined from data
collected during the driver evaluation. For a 14 day period, an average of 22 trains traversed the
crossings during daytime hours, and an average of 14 trains traversed the crossings during
nighttime hours.

Similarly, daytime and nighttime average sound levels, Lgay and Ligh, Can be calculated as follows:
Laay = SEL + 10 log (number of events/day) - 47.3
Lnigt = SEL +10 log (10 (number of events/night)) - 45.1

The average ambient noise level, in terms of L, was also calculated for each location. These
ambient levels are representative of daytime hours only because data was only collected during the
daytime (see Appendix A). An ambient level which is representative of nighttime hours was
estimated by subtracting 8 dB from the daytime ambient at locations where traffic was heavy (as
noted by the observer) and subtracting 6 dB from the daytime ambient at al other locations
(Harris, 1991).

23



ACOUSTIC ANALYSIS

Frequency Spectra

The one-third octave band frequency data recorded at one second intervals for each event were
downloaded into a spreadsheet. The time interva where the maximum A-weighted level occurred
was determined and the frequency data corresponding to this time was transferred to a separate
spreadsheet. This spreadsheet contained the frequency data at the time of L ama fOr each event.
These spectra were then plotted and analyzed. It was determined that there was no noticeable
difference in the horn systems from crossing to crossing. Therefore, an average spectrafor the
train horn and an average spectra for the wayside horn were computed.

3.2 RESULTSAND DISCUSSION
3.2.1 Sound Levd

L amax Was the sound measure selected to describe the maximum sound levels produced by both
warning devices. Lg, Was the sound metric selected to describe the community noise impact of
two warning devices. Lgn iSthe metric most commonly used to assess community noise impact.
L4n IS the most popular measure because it accounts for people’ s increased sensitivity to noise at
night by imposing a 10 dB penalty on all nighttime sounds. The selection of this metric was based
upon a large number of research studies conducted by the EPA beginning in the early 1970's on
community noise of al types. These conclusions remain scientifically valid and continue to be
used by many regulatory agencies.

To determine whether a noise source is sufficiently annoying to warrant action, several regulatory
agencies (EPA, HUD, FAA and FTA) defined 65 dBA as the threshold at which noise-induced
community annoyance is considered a problem requiring action. Noise levels above 65 dBA
require action, while noise levels below this threshold do not. The FTA recently published a
report (FTA, 1995) which established more sensitive guidelines for evaluating whether a noise
source is sufficiently annoying as to warrant action to reduce the impact on the community. These
guidelines take into account not only the absolute level at which many people will be annoyed, but
also at what increase over existing ambient (background) noise levels, annoyance will occur.
These guidelines enable the user to determine the severity of the impact on the community. Three
levels of impact are defined: No impact, impact and severe impact. These impact levels are
defined below and shown graphically in Figure 8. The EPA and others have concluded that a5
dB increase in Lg, Or L iSthe minimum required for a change in community reaction.
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Figure 8. Noise Impact Criteria

Category 1, 2, and 3 land uses are defined as follows:

Land Use Noise Metric

Category dBA
1 Outdoor Le(h)
2 Outdoor Ly,

Description of Land Use Category

Outdoor Le(h) Tracts of land where quiet is an essential
element in their intended purpose. This category includes
lands set aside for serenity and quiet, as well as Nationa
Historic Landmarks with significant outdoor use.

Outdoor Ly, Residences and buildings where people
normally sleep. This category includes homes, hospitals and
hotels where a nighttime sengitivity to noise is assumed to
be of utmost importance.
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3 Outdoor L (h) Outdoor Le(h) Institutional land uses with primarily
daytime and evening use. This category includes schools,
libraries, and churches, whereit is important to avoid
interference with such activities as speech, meditation, and
concentration on reading material. Buildings with interior
spaces where quiet is important, such as medical offices,
conference rooms, recording studios, and concert halls fall
into this category. Places for meditation or study associated
with cemeteries, monuments, museums. Certain historical
gites, parks, and recreational facilities are aso included.
Land use for category 3 Outdoor Le(h) isless sensitive to
noise than category 1 Outdoor L (h).

No impact area is defined as the threshold at which the percentage of people highly annoyed
by the noise (in thisinstance, the train horn or wayside horn) is not measurable. The increase
in noise level resultsin an insignificant number of people highly annoyed by the new noise.

Impact area is defined as the threshold at which the percentage of people highly annoyed by
the noise (in this instance, the train horn or wayside horn) starts to become measurable. The
noise level is noticeable to most people, but may not be sufficient to cause strong, adverse
reactions from the community.

Severeimpact area defined as the threshold when the percentage of people highly annoyed
becomes significant. The increasein noise level islikely to produce strong, adverse reactions
from the community.

The following discussion uses these guidelines to determine the type of impact on the community
for each of the warning devices.

The raw sound level data for each event can be found in Appendixes D and E. The dataincludes:
Lamax, SEL, train speed and meteorological conditions; along with the averages for each location.
Federal regulations require that the sound level for the train horn be at least 96 dBA 100 feet
from the train. On average, the train horn achieved a maximum sound level of 99.8 dBA, 100 feet
from the grade crossing, compared to 86.4 dBA for the wayside horn: a difference of 13.4 dBA.
The train horn meets the minimum sound level required of train horns, while the wayside horn fell
below this standard.

To determine the community noise impact of the two warnings, the average noise level with and
without warning device sounding were compared. The average noise levels with the warning
device (Lan, Lgay, and Lyign) were calculated from data shown in Appendixes D and E. The
ambient noise levels measured between train horn events, were used as the average noise levels
without the warning device. Table 10 and Figure 9 show the community noise impact for the
daytime period, in which the daytime average sound level, L4y, is compared to the measured
daytime ambient level. Table 11 and Figure 10 show the community noise impact for the
nighttime period, in which the nighttime average sound level, Lngy, IS compared to the estimated
nighttime ambient sound level. Table 12 shows the community noise impact for the 24 hour time
period, in which the 24 hour average sound level (L4n) is compared to the measured daytime
ambient level.
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It should be noted that L4, and Ligr are extremely sensitive to the number of nighttime events.
For every increase of 1 event, L4, and Lign: iNncrease approximately 1 dB. This could easily cause
ano-impact area to become an impact area, and an impact area to become a severe impact area.

The impact of community noise level varies as afunction of time of day. The noise impact is
greater at night than during the day for both warning devices. Thisisreflected in the greater
number of impact and severe impact ratings for the nighttime and 24 hour measurements,
compared to the daytime measurements. This time of day effect reflects people’ s greater
sensitivity to noise at night, when the background noise level tends to be lower.

Table 10. Community Noise Impact During Daytime

Location Measured Train Horn Wayside Horn
Average
Daytime
Ambient
(dBA)
Calculated Type of Calculated Type of
Laay (dBA) Impact Laay (dBA) Impact
1 62 70 Severe 59 Impact
2 54 39 None Not Audible None
3 47 66 Severe 24 None
4 48 40 None 22 None
5 46 62 Severe 30 None
6 56 47 None Not Audible None
7 52 36 None 28 None
8 52 48 None 30 None
9 66 68 Severe 64 Impact
10 66 71 Severe 59 Impact
11 52 45 None 26 None
12 49 42 None 28 None
13 51 47 None 31 None
14 57 42 None 28 None
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Table 11. Community Noise Impact During Nighttime

Location  Estimated Train Horn Wayside Horn
Average
Nighttime
Ambient
(dBA)

Calculated Type of Calculated Type of
Lnign: (dBA) Impact Lnignt (dBA) Impact

1 54 8l Severe 70 Severe
2 438 49 None Not Audible None
3 41 76 Severe 34 None
4 42 50 None 33 None
5 40 72 Severe 41 None
6 50 57 Impact Not Audible None
7 46 46 None 39 None
8 46 59 I mpact 41 None
9 58 79 Severe 75 Severe
10 58 82 Severe 69 Severe
11 46 56 I mpact 37 None
12 43 53 I mpact 39 None
13 45 57 I mpact 42 None
14 51 52 None 39 None

There are aso differences in the community impact of the noise by type of warning device.
During the day, the wayside horn only had an impact on the sites closest to the crossing. These
sites were 100 feet from the crossing, with adirect line of sight to the wayside horn. During the
night, the wayside horn has a severe impact at only three sites. These three sites represent the
locations closest to the grade crossing. All these sites are 100 feet from the grade crossing. By
contrast, the train horn has an impact or severe impact at five sites during the day. Three of these
sites are located 100 feet from the grade crossing. The other two sites are less than 500 feet from
the track. At night, the number of locations in an impact or severe impact area increases to ten.
These sites are up to 1000 feet from the track, with the exception of one site. The site at location
#6 was located 2152 feet from the track, but there were no intervening buildings or structures to
attenuate the signal from the train horn. For severe impact areas, where community action is
likely, the train horn affects residents living up to 1000 feet from the track. Although the effects
of the train horn is not geographically uniform, the noise is more annoying from the train horn
than from the wayside horn.
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Table 12. Community Noise Impact Over 24 Hour Period

Location Measured Train Horn Wayside Horn
Average
Daytime
Ambient
(dBA)
Calculated Type of Calculated Ly,  Typeof
Lar (dBA) Impact (dBA) Impact
1 62 76 Severe 66 Severe
2 54 45 None Not Audible None
3 47 72 Severe 30 None
4 438 46 None 29 None
5 46 68 Severe 37 None
6 56 53 None Not Audible None
7 52 42 None 34 None
8 52 55 I mpact 36 None
9 66 75 Severe 71 Severe
10 66 75 Severe 65 Impact
11 52 52 None 66 None
12 49 49 None 35 None
13 51 53 None 37 None
14 57 438 None 35 None
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3.2.2 Frequency Distribution

Figure 11 shows the average train horn and wayside horn frequency spectra. It shows that the
wayside horn very closely imitates the train horn, at a sound level 5-25 dB below the train horn.
The most common model of train horn used by the Union Pacific railroad is the Leslie three-
chime. This horn emits three distinct tones and their harmonics, which, when sounded together,
create arelatively broadband signal which can overcome most masking noise. The wayside horn
system emits asigna consisting of only one distinct tone and its associated harmonics. This
creates asignal that is less broadband and more tonal than the train horn. Due to limitations of
this system, it is especialy lacking at frequencies above 4000 Hz. Further research is needed to
determine the optimal acoustical signal for the wayside horn, whether or not the wayside horn
should sound like atrain horn, and what type of signal is best able to alert the motorist.
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Figure11. Frequency Spectrafor Warning Devices
3.2.3 Relationship between Noise Level and Perceived Annoyance

It was expected that there would be a systematic relationship between noise exposure and
annoyance level. As noise exposure increases, individuals are expected to become more highly
annoyed. Based upon the inverse square law, it was expected that the number of highly annoyed
households would be directly related to their proximity to the noise source. The closer to the
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noise source, the greater the number of highly annoyed households. However, analysis of the
survey data indicates that distance to the noise source was not related to annoyance level. It was
suggested that proximity to the noise was a poor predictor of annoyance level due to
environmental factors such as trees and buildings and weather related factors such as wind, that
can change the amount of noise reaching the listener.

To better establish the relationship between noise level and annoyance level , the same
measurements collected at 14 sites in Gering, Nebraska were compared to the survey data
collected near those sites. Figure 12 shows the daytime noise levels for each site. For both
surveys, noise levels were assigned to a household using the same procedure®. For each of the 14
sites where noise measurements were collected, respondents living within a specified distance
from the noise measurement site were assigned that noise level. The area within which a
respondent was assigned a particular noise measurement was defined by a circle, with aradius
equal to half the distance to the track from the measurement site. For example, if the distance
from the measurement site to the track was 500 feet, the radius of the circle was 250 feet. This
area contains a 3 dB measurement error around the measurement site. \When respondents
overlapped two measurement sites, they were assigned a number for each site. Only a small
subset of the total survey population was assigned to one or more measurements sites.

These datawere analyzed using alogistic regression procedure. No statistically significant
relationship was found between noise level and annoyance level. Thislack of relationship
between noise level and annoyance level may be due in part to measurement error in assigning
estimated noise levels to arespondent. For example, take the case where two households lived
250 feet from the measurement site. One household lives between the noise source and the
measurement site. This household is 250 feet from the noise source. The second household lives
on the opposite side of the measurement site, but 750 feet from the noise source. These two
households may experience two different noise levels, but they were assigned the same value in
the analysis.

Previous studies have aso had difficulty establishing a clear relationship between noise level and
annoyance level. Isumi and Y ano (1991) found that noise level explained less than 20 percent of
the variation in annoyance levels. Shultz (1978) suggested that noise measurements are poor
predictors of annoyance level because they may not be indicative of the noise levelsto which a
household is actually exposed. Shultz hypothesizes that a large part of the total noise exposureis
generated indoors, and fluctuations between indoor and outdoor noise levels may vary by 30 dB.

2 This procedure did not take into account environmental differences that may occur between seasons. Unless
dense enough to completely block the receiver’ s line-of-sight to the source, foliage will have a negligible effect on
measured sound levels. Relative temperature changes between seasons can cause differences in sound attenuation,
but these differences will be negligible over the propagation distances of concern. Weather related effects such as
temperature and wind gradients can cause sound waves to be refracted upwards or downwards, thereby changing
the sound levels. These conditions do not occur often, and are not included in a generalized model, such as the
one used to calculate the values in Figure 12.
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Figure 12. Noise Levels (L 4y) Overlayed over Annoyance Level for Daytime

While noise measurements were not predictive of annoyance level, they do appear to discriminate
when activities are interfered with. Shultz (1978) found that the threshold when train noise
interferes with activities like conversation, listening to TV and radio, and deeping begins at an Lg,
of 50 dB. For the train horn, noise measurements were predominantly above this level, while the
wayside horn noise measurements were predominantly below this level.

3.2.4 Conclusions

At peak sound levels, the wayside horn was approximately 13 dB quieter than the train horn. The
lower sound level of the wayside horn compared to the train horn was a significant factor in
explaining why the wayside horn was perceived as less annoying than the train horn. Unlike the
train horn, the wayside horn did not meet minimum sound level required of train horns. This
study did not directly answer what the actual sound level should be for motorists to reliably detect
this signa inside the vehicle. The frequency distribution of the wayside horn was narrower than
the train horns measured in this study.

For the 14 sites where sound measurements were collected, the wayside horn had a negative
community impact during both daytime and nighttime hours using guidelines developed by the
FTA. Only the sites defined as severe impact resulted in community annoyance high enough to
require action to mitigate the noise. For the wayside horn, the location of the sights defined as
severe were all within 100 feet of the track. By contrast, locations defined as severe impact for
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the train horn were located up to 1500 feet from the track. Clearly, the wayside horn impacted
residents within a smaller geographical area

The current study was unable to establish a relationship between measured sound level and
perceived annoyance value, as measured in the two surveys. In part, thisis due to measurement
error in assigning sound level values to each respondent. However, previous research has been
unable to attribute more than a small portion of the variance (20%) in perceived annoyance to
physical noise levels. Other factors such as frequency with which the horns are heard and the
activities the respondent is engaged in at the time the horn sounds also plays arole.
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4. SAFETY EVALUATION

The primary purpose of sounding the horn as the train approaches the grade crossing is to avoid
an accident by providing an auditory warning to motorists, bicyclists and pedestrians. At passive
crossings, this auditory warning may serve as the only warning that approaching motorists
receive. At active crossings, the auditory warning is an additional warning that complements the
visua warnings provided by the flashing lights and/or gates that block the grade crossing.
Analysis of accident data by the Federal Railroad Administration (1992, 1995) suggests that the
auditory warning provided by the sounding of the train horn is an effective deterrent to accidents.
When awhistle ban was in effect in Florida, there was a three-fold increase in the accident rate.
Analysis of whistle bans in other parts of the country supports this effect (Federal Railroad
Administration, 1995).

The use of an dternative warning device to the train horn must also provide an effective warning
to the motorigt, if accidents are to be prevented. The primary objective of the driver behavior
evaluation was to assess the safety of the wayside horn. |sthe wayside horn as effective as the
train horn in warning motorists and others approaching the grade crossing? To meet this
objective, we observed driver behavior at the grade crossing for both the train horn and the
wayside horn. We observed when motorists drove through the grade crossing following activation
of the warning systems. We measured both the frequency of the violations and the time to
collision. Time to collison measures how far away the train is from the grade crossing, in

seconds, when the motor vehicle isin the grade crossing.

41 METHOD

Video data of motorist behavior at two grade crossings was collected to determine how
frequently motorists drove through the grade crossing as the gates descended or around the gates
after the gates descended.

4.1.1 Experimental Design

We used a Pretest-Posttest design to compare the wayside horn to the train horn. The pretest
condition measured the effect of the train-mounted horn on driver behavior. The posttest
condition measured the effect of the wayside horn on driver behavior. Following the completion
of the pretest data collection, the wayside horn was activated in place of the train horn when the
locomotive approached the grade crossings under observation. There was a three month gap
between the pretest measurements and the posttest measurements to give motorists and the
locomoative engineers time to adjust to the new wayside horn.

For both conditions, our goal wasto collect 12 weeks (84 days) of video data. However, VCR
equipment failures at each of the grade crossings as well as problems with the track circuitry at
one of the grade crossings (Tenth Street) resulted in alonger data collection period so that a
sufficient data sample could be collected. These problems are discussed in more detail in the Data
Reduction and Analysis section. Data was collected for a period of 60 seconds following
activation of the grade crossing warning devices.

4.1.2 Site Characteristics

Two grade crossings were selected to observe driver behavior: Tenth Street and Country Club
Road. The Tenth Street grade crossing is afour lane road located in a commercialy zoned part
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of Gering, with an average daily traffic (ADT) count of 11,240 (2/94). The Country Club Road
grade crossing is atwo lane road located in residential area. Country Club Road hasan ADT
count of 2,415.

4.1.3 Equipment

A video camera (Panasonic model WV-CL354) with a4.5 mm wide angle lens was mounted on a
utility pole at each of the grade crossings to record driver behavior. The camera was mounted 35
feet above the ground at Tenth Street and 20 feet above the ground at Country Club Road. Each
camera was mounted on the same utility pole as the wayside horn, but at a higher elevation. In
each case, the video camera could show driver behavior on both sides of the road between the
gates on either side of the track. The video camerafed the signal to atime-lapse Super-VHS
VCR (Panasonic model AG6760) located in protected housing at the grade crossing. Each tape
recorded 6 hours worth of data. The tapes were changed approximately every 6 days.

The track circuitry responsible for activating the gates, flashing lights and wayside horn aso
activated atimer attached to the video equipment to begin recording. The video equipment
recorded the scene for 60 seconds for each event. The track circuitry activated the gates, flashing
lights and video equipment approximately 35-40 seconds before the train arrived at the crossing.

4.1.4 Data Reduction and Analysis

For the pretest period, driver behavior was monitored from November 1, 1994 to January 29,
1995. For the posttest period, driver behavior was monitored from May 24, 1995 to October 22,
1995. During each of the two data collection periods, a number of equipment problems plagued
our effort to collect the data.

During the pretest data collection period, the VCR recording the data at Tenth Street failed on
severa occasions. A replacement VCR was installed while the defective VCR was being repaired.
More significantly, problems with the track circuitry at Tenth Street contributed to a number of
problems that resulted in this data being discarded entirely. Errant electrical signals due to a shunt
in the track ballast produced multiple false alarms in which the warning system was activated, but
no train was present. Additionaly, problemsin the signal equipment also produced tail ring in
which the warning system was activated a second time after the train passed through the grade
crossing. The numerous false activations may have altered driver behavior, so the data was
discarded.

During the posttest period, the VCR'’s at both grade crossings failed on severa occasions. A
replacement VCR was installed while the defective unit was repaired; however, this resulted in
some loss of data.

After the recording of each videotape was completed, an observer viewed each tape and tabul ated
the data we wanted to collect. The observer recorded the following events shown in Table 13. A
second observer also reviewed the tapes to check the reliability of the recorded data. The data
was entered into a spreadsheet to calculate descriptive and inferential statistics.
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Table 13. Data Recorded

Event Name Description
Date Date event occurred
Violation: Typel vehicle went through the grade crossing during descent
Violation: Type2 vehicle went through the grade crossing after gate descent
Train/Fase Alarm whether atrain arrived at the grade crossing
Gate Descent Time time when the gate began its descent

Motor Vehicle Arrival Time time when the motor vehicle arrived at the grade crossing
Train Arriva Time time when train arrived at the grade crossing

To evaluate the safety of the two auditory warning devices, two types of performance measures
were considered: frequency with which the motorist violated the grade crossing after the warning
was given and the proximity of the train to grade crossing when the vehicle was in the grade
crossing, as measured by time to arrival. The frequency of motorist violations was aso separated
by whether the driver went through the grade crossing before the gates completely descended
(Type 1) or after the gates descended (Type 2). Type 2 violations are considered more dangerous
or risky, since the train should be closer to grade crossing than with Type 1 violations, and
therefore, more likely to collide with the train.

The three time events shown above: gate descent time, motor vehicle arrival time, and train
arrival time were used to generate three performance measures. warning time, time-to-collision,
and violation time. Warning time measures the amount of time the motorist has to respond to the
various warnings at the grade crossing until the train arrives at the grade crossing, and was a
function of the constant warning time system at the grade crossing. The other two performance
measures assessed human performance at the grade crossing. Time to collision measures how far
away the train is from the grade crossing when the vehicle isin the grade crossing. The smaller
the time to collision, the greater the risk of a collision. Violation time measures how long after
the gates begin their descent that the motor vehicle arrives at the grade crossing. The larger the
violation time, the greater the risk of a collision.

Since the purpose of the driver behavior evaluation was to assess whether wayside horn was equal
to or better than the train horn, aresult showing that there was no difference between the two
warning systems could have important practical implications for use of an aternative to the train
horn. However, measuring no differences between the two warning systems, does not mean that
differences do not exist. The evaluation may not have been sensitive enough to detect those
differences. To address this concern, a power analysis was performed to determine an adequate
sample size so that the evaluation would detect any differencesif they exist. Thisanaysis, which
is described in detail in Cohen (1977), assumes a Type | error rate of .05, an effect size of w =
0.10. and a power to detect an effect of 0.90. The Type 1 error rate represents the likelihood we
will reject the hypothesis that no differences exist between the train horn and the wayside horn,
when the hypothesisis true (in thiscase 5in 100). Effect size represents the magnitude of the
differences in the effects between the train horn and wayside horn, if they are different. The larger
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the effect size, the more easily we should detect those differences. The effect sizeof 0.10isa
small effect size and was selected to maximize the likelihood that differences would be detected if
they exist. The Type |l error rate represents the likelihood that we will accept the hypothesis that
there are no differences between the train horn and the wayside horn, when there are differences.
A Typelll error rate of .10 means that we will accept the null hypothesis 10 timesin 100 when it
isfase. Based upon these assumptions, a sample size of 1051 trains must be used in both the
pretest and posttest conditions. The actual sample size of 6481 trains (2552 for the train horn
condition and 3929 for the wayside horn condition) exceeded this requirement. In the current
study, this means that if the results show no differences between the two warning systems, there is
only a 1% chance that real differences between the two warning systems do exist.

4.2 RESULTSAND DISCUSSION
4.2.1 Frequency Based Performance

Table 14 shows the frequency of violations and false activations for both the train horn and
wayside horn. The datain Table 14 shows both the actual frequencies and the frequencies
normalized by train frequency. The discussion of the results will focus on the normalized data
since it controls for the number of opportunities that a motorist could violate the grade crossing.

Table 14. Frequency of False Activations and Violations for Two War ning Devices

Actual Frequency Frequency/1000 Trains Chi-square  Significance

Vaue Leve *
Tran Wayside Tran Wayside

False 53 41 21 10 10.50 .0012
Activations
Typel 48 35 19 9 11.22 .0008
Violations
Type 2 4 18 2 5 331 .0688
Violations

* Critical Value at 1 degree of freedom = 3.84

The frequency of violations decreased for both warning devices as one goes from Type 1 to Type
2 violations. Thus, fewer motorists appear willing to risk going through the grade crossing after
the gates have completely descended than when they are still descending. This datais consistent
with data collected by Richards et a. (1991) showing that the percentage of drivers who crossed
without stopping decreased as the warning period lengthened. In their study, Richards et al.
(1991) found that 32 percent of drivers stopped and waited at the crossing before the gates
completely descended, while 60 percent of drivers stopped after the gates were lowered. Inthe
current study, all the Type 1 violations consisted of drivers who crossed without stopping. Only
in the Type 2 violations were there events in which the motorist stopped before going around the
gates.

Closer examination of the Type 2 violations reveals that risk was not borne by motorists alone,
and may be lower than the datain Table 14 suggests. For two of the violations, the motorist went
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around the gate after the vehicle on the track passed through the grade crossing, but before the
gates returned to their vertical position. The vehicle on the track was a highrailer. After the
highrailer passed through the grade crossing, the track circuitry failed to trigger the gate to return
to its normal resting position. In another instance a train never arrived at the grade crossing or
took longer than 60 secondsto arrive. Finally, one Type 2 violation occurred when a flagger
waived the motorist through the grade crossing. Thus, only 18 of 22 violations can be classified
astrue Type 2 violations. Of these remaining Type 2 violations, six consisted of pedestrians or
bicyclists rather than motorists.

The Type 1 violation frequency was greater with the train horn than with the wayside horn. Using
the normalized data, there were more than twice as many violations with the train horn than with
the wayside horn. These differences are statistically significant asindicated in Table 14. The
Type 2 violation frequency was greater for wayside horn than for the train horn. However, this
difference is not statistically significant. This data suggests that for the observed test conditions,
the wayside horn does not result in unsafe driving behavior compared to the train horn.

An interesting question is why were motorists and pedestrians more likely to violate the grade
crossing in the train horn condition than in the wayside horn condition? Was this a chance
occurrence or was this behavior due to some phenomena that may affect performance with the
wayside horn, aswell. One possibility is suggested by the frequency of false activations in the two
conditions. Aswith the violation frequency, the false activation frequency was greater in the train
horn condition than in the wayside horn condition. The false activations may contribute to lower
credibility of the warning system, and thus, motorists may be more willing to go around the gates,
in the belief that atrain is not approaching, or is so far away that it poses an insignificant risk.

4.2.2 TimeBased Performance

Time based performance measures were also evaluated to determine whether there were
differences between the two types of warning devices. Table 15 shows the relationship between
warning device and warning time. For both types of warning devices, the warning time was
consistent for both Type 1 and Type 2 violations. The mean warning time was slightly longer for
the wayside horn (25 s) than the train horn (24 s). However, these differences were not
statistically significant. The warning time ranged between 18 and 38 seconds for both devices and
falls within the warning time range (between 20 and 40 seconds) recommended by Richards,
Margiotta, and Evans, (1991) to maximize compliance behavior.

It was not possible to determine whether the differences between the two warning devices for the
Type 2 violations were statistically significant because the sample size for the train horn condition
was too small.®> From the motorist’s perspective, the difference between the two warning
conditions of 0.8 seconds is probably insignificant.

% In two of the four violations, the track vehicle, a highrailer, passed through the grade crossing before the motor
vehicle went around the gates. In another instance, no train actually arrived at the grade crossing before the video
camera stopped recording. In only one out of the four Type 2 violations was a train observed arriving at the grade
crossing after someone went around the gates and this case involved a pedestrian, rather than a motorist. A sample
size of oneistoo small to draw any meaningful comparisons as well as making it impossible to draw any statistical
inferences. This situation applies to the time to collision measure, as well.
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Table 15. Mean Warning Time for Two Warning Devices

Violations  TranHorn(s)  Wayside Horn () t-vaue  Significance leve (p)
Typel 23.8 25.2 1.700 0.0929
Type 2 24.0 24.8 - -

Table 16 shows the relationship between warning device and time to collision. As expected, the
mean time to collision was greater for the Type 1 violations than the Type 2 violations. The
shorter time to the grade crossings indicates that there was greater risk of a collision with Type 2
violations than with the Type 1 violations.

For both types of violations, the mean time to collision was greater for the wayside horn than the
train horn. However, the differences between the train horn and the wayside horn were not
satistically significant.*

Table 16. Mean Timeto Collision for Two Warning Devices

Violations  TranHorn(s)  Wayside Horn (s) t-vaue  Significance levd (p)
Typel 21.6 22.6 1.409 0.1627
Type 2 10.0 14.2 - -

Table 17 shows the mean violation time by type of warning device. As expected, the violation
time was higher for the Type 2 violations than the Type 1 violations. The higher the violation
time, the greater the risk of a potentia collision with the train. A comparison of the two warning
devices shows that the mean violation time for the Type 1 violation is the same for the two
warning devices. The differences between two warning devices for the Type 2 violations are
statistically significant. Here the violation time is much greater in the train horn condition.
However, in 2 out of the 4 violations, the vehicle on the tracks had aready passed through the
grade crossing. The vehicle on the track was a highrailer and the gate failed to return to its non
warning state after the vehicle passed through the grade crossing.

Table17. Mean Violation Time for Two Warning Devices

Violations  TranHorn(s)  Wayside Horn (s) t-vaue  Significance levd (p)
Typel 2.3 2.3 0.000 1.0000
Type 2 42.3 10.1 7.034 0.0001

An important question which cannot be answered directly by this evaluation, is whether the results
of the driver behavior evaluation can be generalized to other regions of the country? Gering,

* The sample size of one for the wayside horn Type 2 violations was too small to make statistical inferences.
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Nebraska may be different from alarge urban city in terms of the accepted norms of driving
behavior. The residents may be more (or less) law abiding than drivers in other parts of the
country. More importantly, will drivers respond in the same way to both auditory warnings as the
drivers who passed through the grade crossings in Gering, Nebraska? |s there something unique
about the grade crossings in Gering, NE. that is not likely to be found elsewhere? For example,
sufficient numbers of residents complained about the annoying qualities of the train horn and
sought a more suitable aternative from their public officials. These residents, when driving in
their motor vehicles, may be more receptive to the wayside horn than drivers who are not.

Although the performance differences between the two warning devices are not statistically
significant, there is an important caveat. Due to the small number of violations as shown in Table
14, it is possible that real differences between two warning systems for both total warning time
and time to collision do exist. A power analysis for both time related measures suggests that there
isonly a 17 percent chance of finding differences between the horn systems, if they exist. This
analysis was based upon a Type | error of .05, an effect size of .20 and a sample size of 52.°

Thus, the possibility exits that the evaluation was not sensitive to measure differences in behavior
between the two systems.

Although data was aso collected at the Tenth Street grade crossing for both the train horn and
the wayside, the data for the train horn condition was discarded due to equipment problems
discussed earlier. However, the wayside horn data for both grade crossings was evaluated to learn
how driver behavior changed as a function of the grade crossing. To make the evaluation as
similar as possible, data missing at one site due to failure of the data collection equipment was
also eliminated for the same time period at the other grade crossing. Table 18 shows how false
activations and crossing violations vary by grade crossing. Looking at the normalized data, there
were fewer Type 1 violations and false activations at Country Club Road than at Tenth Street.
These differences were statistically significant. There were no statistically significant differences
for the Type 2 violations. Since the warning device was the same at both grade crossings, the
differencesin Type 1 violations are due to differences that existed between the two grade
crossings. These factors could be track related or traffic related. The higher number of false
activations at Tenth Street, alone, or in combination with the traffic related differences, could
have contributed to the higher level of Type 1 violations. Again, the false activations may have
lowered the motorists faith in the “accuracy” of the warning system, resulting in a higher rate of
noncompliance with the warning system. Getty, Swets, Pickett and Gonthier (1995) suggests that
people are sensitive to the rate of false alarms and behave in away that takes into account the rate
of false alarms.

> An observed effect size of .23 was calculated from the data on time to collision and supports the assumption of an
effect size of 0.20 used in the power analysis.
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Table 18. Frequency of False Activations and Violations for the Wayside Horn at
Two Grade Crossings

Actua Frequency Frequency/1000 motor Chi-square  Significance

vehiclesday Value Leve *
Tenth  Country Tenth Country
St. Club Rd. St. Club Rd.
Fase 274 24 0.387 0.158 223.64 .0001
Activations
Type 1l 58 12 0.082 0.079 35.63 .0001
Violations
Type 2 2 10 0.003 0.066 3.27 .07
Violations

* Critical Value at 1 degree of freedom = 3.84

4.2.3 Conclusions

This evaluation of motorist behavior suggests that the wayside horn will not result in behavior that
puts the driver at increased risk compared to the use of the train horn. The frequency of Type 1
violations was lower for the wayside horn than the train horn, while the time to collision and
violation time was not statistically or practically different for either warning system.

During the evaluation period, the constant warning time system worked properly at both grade
crossings and did not appear to affect motorist behavior. However, an increased level of false
activations at one grade crossing may have contributed to an increased level of noncompliance.
Motorists were more likely to drive around the gates when the number of false activations
increased.

A future study should also examine whether driving behavior varies with track circuitry that lacks
constant warning time. Bowman (1987) indicates that consistent operation of warning systemsis
akey factor in commanding the respect and hence compliance with those warning systems. Grade
crossings that lack constant warning time track circuitry have more motorist violations and more
accidents than grade crossings that contain constant warning time warning systems.

In both the train horn and wayside horn conditions, driver behavior was determined, in part, by
the presence of the gates. To the extent that gates control motorist behavior, differences between
the two warning devices may have been masked. Datafrom Richards et a. (1991) study on
optimal warning times indicates that as the time delay increases between when the warning is
initiated and the gates completely descend, motorists are more likely to continue through the
grade crossing without stopping. The gate descent time in this study was relatively short (10 ).
This short descent time may have reduced the overall violation rate compared to grade crossings
with longer descent times. Motorist behavior with the two warning systems may or may not vary
as gate descent time increases. Evaluating the two warning systems with longer gate descent
times would provide an answer to this question. An evauation of the two warning devices
without gates at the crossing would indicate how these devices compare without the influence of
gates.



5. IMPLEMENTATION CONSIDERATIONS

The wayside horn must be viewed as part of a grade crossing system, not simply a safety device
that operatesin isolation. Included in this system are a variety of warning devices, protective
barriers, roadway, track, lighting, operators and vehicles. Changing one part of the system may
impact safety directly, as well asindirectly, through its interaction with other components of the
system. For example, replacing the train horn with the wayside horn will affect performance by
localizing the auditory warning to a smaller geographical region, closer to the motorist. 1t will
affect the safety of the system indirectly through the method by which the auditory warning is
activated.

The current study did not set out to evaluate how the wayside horn should be implemented to
maximize safety while minimizing community noise impact. Nevertheless, the method of
implementation will impact safety at the grade crossing as well as community noise. Some of
these problems are identified, along with issues they raise and potential solutions.

5.1 ACTIVATION METHOD

Perhaps the most significant implementation issue affecting warning effectiveness and human
behavior is how the auditory warning will be activated. Currently, the locomotive engineer bears
the responsibility for activating the train horn.

Two methods have been proposed for activating the wayside horn. In the first method, the track
circuitry that triggers the flashing lights and gates also triggers the wayside horn. In the second
method, the engineer in the locomotive cab activates the wayside horn. The locomotive engineer
presses a control button that sends a signal to the wayside horn. This signal triggers the wayside
horn. Older locomotive cabs enable the engineer to moderate the loudness and duration of the
train horn signal. Some current generation cabs limit the flexibility to control the loudness level of
the horn. Saurenman and Robert (1995) describe one company’ s implementation of this
approach. Their approach uses aradio signal to activate the wayside horn. The wayside horn
returns a signal to the locomotive cab indicating whether the wayside horn has sounded. If the
wayside failsto activate, the train horn activates. 1f the wayside horn sounds, the train horn
remainssilent. Activation by track circuitry was the method used in the current study.

Both methods will impact the motorist and locomotive engineer in different ways. For the track
circuitry method of activation, the automatic process by which wayside horn is activated would
reduce physical workload by relieving the engineer of this activity. Currently, the engineer begins
sounding the train horn at the whistle post, approximately ¥ mile away from the grade crossing.
For the engineer, removing the need to sound the horn at some active grade crossings with
wayside horns will increase mental workload and may increase operator errors. Mental workload
will increase because the engineer must remember which grade crossings have the wayside horn
and which do not. Asthe engineer learns to avoid sounding the horn at crossings with the
wayside horn, he or she may forget to sound the horn at crossings without the wayside horn or
confuse crossings with the wayside horn with those that do not have the wayside horn. These
errors can contribute to fewer auditory warnings at some crossings without the wayside horn and
too many auditory warnings at others.
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The method of activation aso impacts when the warning is issued and consequently the amount of
time available for the motorist to respond. In the situation in which the engineer activates the
train horn or wayside horn, the warning is sounded when the locomotive arrives at the whistle
post. The whistle post, located at a fixed distance from the grade crossing (typicaly 1/4 mile),
means that the warning time varies with train speed.’ For warnings activated by fixed block track
circuitry, warning time also varies with train speed. Above a certain train speed, the motorist
receives awarning with insufficient time to respond. Conversely, below a certain train speed,
warning time may be so long that the motorist disregards or ignores the warning. The variability
in warning time is likely to contribute to aloss of respect for the warning system. As Richards et
al., (1991) documented, this warning time above 40 seconds results in greater number of motorist
violations at the crossing and increased risk of accidents.

However, if the wayside hornistied into track circuits that contain constant warning time
controls, the motorist would be more likely to receive the warning with sufficient time to respond
safely. Ideally, the motorist would aways receive the same amount of warning time. Currently,
constant time warning track circuitry isinstalled at only 13% of grade crossings 1994 (Volpe
National Transportation Systems Center and PRC Inc., in preparation).

In the current evaluation, a number of problems with the track circuitry contributed to false
activations of the warning system. Salt placed on the road by snow plows leached into the track
ballast. When the salt reached a sufficient concentration it would shunt the track circuits,
activating the warning devices and resulting in afase activation. In another situation, the wayside
horn was reactivated after the train passed through the grade crossing. These false activations may
have decreased the motorists respect for the warning devices and increased undesirable behavior.
In some instances, the track circuitry failed, resulting in no warning activation when the train
approached.

Part of the success of the train horn may result from the motorist’s association of the auditory
warning with the locomotive. Since the train horn is attached to the locomotive, the motorist
knows the auditory warning means the locomotive is nearby. However, for the wayside horn, the
motorist will learn that the auditory warning is not always associated with a nearby locomotive, to
the extent that false activations occur. The implications of this association are threefold. First,
the motorist may be more likely to disregard auditory warnings at crossings with wayside horns.
Second, the motorists' disregard for auditory warnings may generalize to situations where the
auditory warning ison the train. Third, the noise associated with the wayside horn may draw the
motorist’s attention toward the source of the noise at the grade crossing, and away from the train.
All three of these implications suggest that the wayside horn could increase the probability of an
accident at the grade crossing.

® Location of the whistle post varies from state to state (Tustin, Richards, McGee, and Patterson,
1986; Jennings, 1995). Some states have no regulations regarding whistle post location. The
predominant locations is 1/4 mile from the grade crossing found in 19 states. 1n 14 other states,
the whistle post location varies from 300 feet to 1800 feet from the crossing.
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Another problem with activation by track circuitry was related to the need for feedback that the
wayside horn was operating properly. Because the engineer could not hear the horn at the
crossing, he or sherelied on avisua signa (a strobe light) to indicate that the wayside horn was
operating properly. However, several engineers expressed alack of confidence that the wayside
horn was operating even when the wayside horn was operating properly and the strobe light was
on. Asaresult, these engineers would sound the horn. Some engineers felt it was important to
sound the horn even if the wayside horn was operating properly. Severa factors may be affecting
the engineer’s behavior in this Situation. First, the engineer bears some lega responsibility in an
accident. Several engineers expressed concerned that they would be found at fault in an accident
if the wayside horn sounded, but they did not sound the horn. Second, sounding the train horn
remains one of the few actions an engineer can take to warn approaching motorists. Thetrain
horn warning may become particularly important should the warning system fail a a grade
crossing protected by active warning systems. The wayside horn activated by track circuitry takes
away this control and redundant warning system, while the responsibility remains. It aso
eliminates a redundant warning, making the system more vulnerable to operator errors when a
breakdown in one of the components occurs.

During the wayside horn observation period, a related feedback problem occurred with trains
traveling slower than 28 mph. Below 28 mph, the train would reach the whistle post before the
warning system was activated. Since the engineer did not see the strobe light, indicating that the
wayside horn was working, the train horn was sounded. Shortly thereafter, the wayside horn
would sound and the gates and lights were activated. Thus, both auditory warnings would sound,
increasing the community noise impact above what it would be with the train alone.

By contrast, the activation method in which the engineer activates the wayside horn, leaves the
engineer in control of the auditory warning system. Giving the engineer control over the
environment is important, given the engineer’ s responsibility to operate safely. This method also
keeps the engineer actively involved and is helpful in maintaining situational awareness. It also
addresses the problem of additional information processing workload by keeping the engineer’s
task the same regardless of the type of crossing the train is approaching.

The drawback to this method accrues primarily to the motorist at the grade crossing. Assuming
the engineer sounds the train horn at the whistle post, and the train speed varies from train to
train, the motorist will receive awarning that varies in the amount of time before the train arrives
at the grade crossing. To provide a constant warning time, the engineer would need information
that would indicate when to sound the horn for a given train speed. Currently, no mechanism
exists to provide thisinformation. Although a prototype exists using the engineer to activate the
wayside horn, it has not been field tested to determine how it performs in revenue operations.
Testing will be necessary to identify any problems and determine its impact on motorist behavior
and operation in the locomotive cab.

5.2 HARDWARE DESIGN

Pilot testing prior to the field test as well as operation during the field test identified a number of
problems with the wayside horn. These problems (Coplen, 1995) can be divided into two
categories, design and maintenance. While these problems are specific to this device, they cal
attention to issues which should be considered in the design of acoustic warnings exposed to the
elements, in general.
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During pilot testing and the experimental period, several components failed (Coplen, 1995).
Some of the components failed because of exposure to the elements. A computer chip failed
when the temperature dropped below -10°F. Several other components failed due to
condensation and precipitation. Dirt and dust also entered the box and impaired the operation of
various electronic parts. To command motorist respect, a traffic control device needs to be
reliable. The specifications for an acoustic warning must insure that the system is sufficiently
reliable and will withstand exposure to extremes of weather that exist in the United States.

Due to the hardware failures, the wayside horn required frequent maintenance to replace and
repair defective parts. The staff responsible for maintaining the wayside horn complained of
difficulty accessing parts within the control unit (Coplen, 1995). The box was too small to permit
easy access. The staff aso complained that the control unit was overly complex. The complexity
of the system made it difficult for the local utility employees to diagnose failures since they did not
understand its operation. In addition, some parts that needed repair had to be sent to a distant
repair site, taking several days. The staff responsible for maintaining the system suggested
designing the system to minimize maintenance. They recommended minimizing the number of
components and increasing the number of off-the-shelf parts. They aso suggested designing the
housing to be more accessible. These problems and the proposed sol utions demonstrate the
importance of testing to identify problems and issues that need resolution as a warning device
moves from concept to commercial application.

5.3 STANDARDIZATION

It is possible that the number of auditory warnings for trains will multiply as different devices are
developed to selectively address different problems. Wayside horns may be used to reduce
community noise, replacing the train horn as the primary source of the auditory warning at grade
crossings. Asmotor vehicle interiors become increasingly well insulated from the exterior
environment, in-vehicle auditory and visua warnings may take their place. Finaly, the locomotive
engineer will continue to sound the train horn to warn trespassers, and as a back-up warning, if
the wayside auditory warning fails.

If auditory warnings for trains multiply to serve similar functions in different environments, it is
important to ask whether the warning signal should be standardized or varied to distinguish the
different contexts in which the warning is given. The advantage of standardizing the signal in
different contexts is that the listener will recognize a uniform signa more quickly than a signal
that varies with context, resulting in faster response time. For this reason, the Manual on Uniform
Traffic Control Devices (Federal Highway Administration, 1978) recommends the standardized
presentation of traffic control devices. The disadvantage of a standard signal may occur if the
warning signal loses the respect of the motorist. For example, if too many false activations occur
with the wayside horn so that it no longer reliably predicts the approach of the train, the listener
may ignore the signal in other contexts, even if it isareliable signa. Multiple warning signals for
different contexts would result in loss of respect, only for the situation for which the warning
signal was a poor predictor of train arrival.

The optimal solution to the issue of standardization requires a more complex response. Idedly,
one would respond to the loss of warning signal credibility by making sure the signal remained
credible. Any signal, standardized or not, will fail to command the respect of the listener, if it fails
to provide reliable information. The gains made by providing a uniform signal may outweigh the
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problems associated with the loss of credibility. However, a standardized signal may not need to
beidentical in all situations. For different situations, small changes in the design of the signal may
be made without affecting the association between the signal and the message conveyed. Just asa
music sung by two people in two different keys conveys the same melody, but indicates a different
source, so too can awarning signal be designed to convey the same message, “ atrainis
approaching” while varying parameters as pitch to indicate a different source. These modified
designs can accommodate the constraints of different environments.

5.4 CONCLUSIONS

A number of issues were identified that will affect the effectiveness of awayside horn to warn
motorists and prevent collisions with trains. These issues included method of activation,
hardware design and standardization.

Two methods of activation were identified: track circuitry and engineer activated. There are
tradeoffs that must be considered in selecting either method. The engineer activated method has
not been subjected to evaluation in revenue service, but remains a promising approach.

Activation by track circuitry with constant warning timesis a viable approach if the track circuitry
isreliable. In the current study, track circuits were unreliable at one of two grade crossings
monitored. Additionally, constant warning time track circuitry is currently available at only a
small percentage of the grade crossings protected by active warning systems. This means that the
majority of actively protected grade crossings will warning times that vary as afunction of train
speed. A significant concern is whether the motorist will no longer associate the auditory warning
with the imminent presence of the train when the warning device is located at the grade crossing.
To the extent that the warning system operates unreliably, the warning system is likely to lose
credibility with the motorist. A similar concern exists for placement of the wayside horn at grade
crossings with fixed block track circuitry. The motorist may come to disassociate the appearance
of the train with the activation of the warning.

The current evaluation also identified several design and maintenance issues related to the wayside
horn evaluated for thistest. Exposure of the elements impaired the performance of several
hardware components. The components of the wayside horn must be designed to withstand the
extremes of weather found in the United States. The system aso needs to be designed to
facilitate ease of maintenance. Important design features that contribute to ease of maintenance
include: minimizing the number of components, using modular components that are easy to
replace, and designing the housing to facilitate easy access.

Finally, standardization of the auditory signa was recommended to facilitate quick motorist
recognition and action.
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6. SUMMARY AND CONCLUSIONS

6.1 DRIVER SAFETY VS. COMMUNITY NOISE IMPACT

There is an inherent conflict in the effects of the train horn on different populations. For
motorists, the train horn serves as awarning of the approaching train. For residents living near
the grade crossing, the train horn is perceived as annoying. The sound level needed to attract the
motorist’s attention disrupts and interferes with activities of nearby residents.

The wayside horn evaluated in this study lowered the community noise impact, while maintaining,
safety effectiveness at levels smilar to the train horn. Significantly fewer residents reported being
annoyed by the wayside horn than by the train horn. The wayside horn reduced interference with
the normal activities that residents participate in throughout the day. The reduction in community
noise impact of the wayside horn can be attributed to two factors. First, placing the hornin a
stationary position reduced the number of people exposed to the auditory warning. Second, the
actual sound level of the wayside horn was approximately 10 dBA lower than the train horn. A
signa which is 10 dB lower will be perceived as haf asloud by most people.

As measured by the frequency and time to collision, the wayside horn did not increase the
likelihood that motorists would violate the crossing, compared to the train horn. While motorist
behavior was similar in both auditory warning conditions, we don’'t know whether the motorist
actually heard the wayside horn. Because we could not separate the effect of the gates and
flashing lights from the effect of wayside horn, it is not clear what “controlled” the motorist’s
behavior. Although accident data (Federal Railroad Administration, 1992; Federa Railroad
Administration, 1995) suggests that auditory warnings play a significant role in preventing
accidents at these types of crossings, we don’t know the relative contributions of each warning
device. If the gates and lights were the primary factor affecting motorist behavior at the crossing,
differences in motorist behavior due to the two auditory warning devices may have been masked.
In a situation where the gates and lights were less effective (for example when the gate descent
time is high), the auditory warning may become more salient as a warning to the motorist. In that
case, the differences between the two warning devices might have been larger than in the current
study.

Since the sound level of the wayside horn is approximately 10 dBA lower than the train horn, we
know that the wayside horn is | ess detectable when measured 100 feet from the crossing. Given
the lower sound level, it is reasonable to predict that fewer drivers will hear the wayside horn than
the train horn because the wayside horn is 10 dBA lower when measured 100 feet from the
crossing. The actual reduction in numbers of motorists who hear the wayside horn will depend
upon the difference between the ambient noise level inside the vehicle and the warning signal level
inside the vehicle. While the wayside horn appears to provide an effective warning in the current
setting, the data from this study does not indicate what an appropriate sound level should be.

Although the wayside horn may reduce the problem of community noise, an important question
remains about its long term effectiveness. As motor vehicles become better insulated, it becomes
more difficult for sound to penetrate the vehicle, and the listener may fail to detect the warning.
However, the controversy over the current community noise impact associated with train horns
suggests that the sound level cannot be increased to respond to this problem. Current wayside
horn prototypes use a lower sound level than the train horn in an effort to respond to the problem
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of community noise. However, the signal sourceis aso closer to the motorist. It isunclear how
these two changes (closer proximity to the motorist and lower sound level) affect detectability of
the warning for the motorist.

6.2 IMPLEMENTATION

Effectiveness of a wayside horn depends upon a number of considerations. One important issueis
the credibility of the signa to indicate the approach of the train. Designing the system so that the
engineer activates the horn from the train has a number of advantages. Firgt, it gives the engineer
control over the system, as he has now. Engineers, like individualsin other settings, need a sense
of control over their environment. This situation fosters that need for control. Second, it is
helpful to the driver. The auditory warning is not dependent upon the reliability of the track
circuitry. While the credibility of the warning will vary with the engineer’ sreliability, the
association of the auditory warning with the approach of the train remains. In the situation where
the auditory warning is triggered by the track circuitry, false darms will diminish the strength of
the association between the approach of the train and the sounding of the horn.

Another problem results from inadequate signal intensity inside the motor vehicle. Thisisa
problem common to all auditory warnings where the source of the auditory warning is outside the
vehicle. The background noise leve is frequently higher in a moving motor vehicle than in the
average household (Bailey, 1989). Noise from inside the vehicle (i.e., people talking, radios,) and
outside the vehicle (i.e., road noise from tires and air movement) all contribute to the higher
background noise level. Motor vehicles are also being manufactured with better soundproofing.
Better soundproofing reduces the effectiveness of an externa auditory warning to penetrate the
vehicle and aert the motorist.

If new vehicles continue to improve in their sound attenuating characteristics, the effectiveness of
auditory warnings located outside the vehicle will continue to decline. Although designers can
theoretically increase the signal intensity of auditory warnings to address this problem, there are
practical limits to how loud the signal can be. Asthe signal intensity increases, there is greater
likelihood of signal distortion so that the auditory warning no longer sounds the same to the
listener. Increasing signal intensity of the warning device will increase the noise exposure level for
the community and exacerbate the community noise problem. However, the complaints in many
communities regarding train horn noise and the number of communities with local bans (FRA,
1995) suggests that the maximum acceptable noise level is being approached. Current regulations
do not address the issue of maximum noise level. The attenuation of the signal reaching the
motorist suggests that the wayside horn should be thought of as an interim solution to the use of
effective auditory warnings at grade crossings.

As the train approaches the grade crossing, the engineer may not hear the sound of the wayside
horn. If the engineer isn’'t confident that the wayside horn is operating, he or she may sound the
train horn, eliminating the reduction in community noise impact from using the wayside horn. In
the current study, a strobe light located at the grade crossing provided a visual signal to the
engineer that the horn was working. The strobe light activated when the wayside horn sounded at
80 dB or above. However, it may not be possible to see thissignal in situations in which visibility
is poor such as when the grade crossing is located around a curve or when bad weather
conditions exist. Putting the visual signal at the whistle post may enable the engineer to determine
whether the wayside horn was operating properly, in time to respond appropriately. Separating
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the sound-activated strobe light from the wayside horn creates the need for another method to
activate the strobe light when the wayside is working properly. Is there sufficient time to send a
signal from the wayside horn to the strobe light so that the locomotive engineer can respond in a
timely manner? Isthere alocomotive speed above which the strobe light will not activate in time
for the locomotive engineer to avoid sounding the train horn? These questionsiillustrate the
difficulty of designing a wayside horn that will work properly under the wide variety of conditions
that may exist at highway-railroad grade crossings.

6.3 DIRECTIONS FOR FUTURE RESEARCH
6.3.1 Evaluate Driver Behavior Under Variety of Conditions

One conclusion from the current study suggested that the relatively low number of violations may
have been due to the quick gate descent time. If the behavior of the gates was the primary factor,
then response to the auditory warning may vary with the effectiveness of the gates. Examination
of motorist behavior at other crossings with gate descent times that are greater than in the current
study, and with constant warning times that vary more than in the study, will help establish the
effectiveness of awayside horn under a broad set of conditions. A more definitive study would
compare the wayside horn to the train horn at crossings without gates. Thiswould eliminate the
effect of the gates on motorist behavior. Comparing the two auditory warning systemsin a driving
simulator would provide an answer to this question, without the risk posed by afield study using
real motorists and trains.

6.3.2 Determine Optimal Acoustic Characteristics

It was recommended above that a single uniform signal be used as an auditory warning to
promote quick recognition and timely action when atrain approaches. Currently, avariety of
signals are used that vary in their tonal characteristics. The differencesin tona characteristics are
primarily afunction of the number of chimes or individua horns on the train. The signal has
evolved since the invention of the steam locomotive when a steam “whistle’ produced a narrow
band signal with relatively high frequencies. By contrast, current generation diesel and electric
locomotives use an air horn that produces signals with arelatively broad band signal. If a
standard signal is to be used, what should that signal be? Can asigna be designed that will
maximize detectability for the motorist, while minimizing the noise impact for the resident? What
acoustic qualities make a good warning signal? Research is being planned to determine the
acoustic characteristics of an optimal signal. This research will address the loudness, frequency
distribution and temporal sequence of that signal.

6.3.3 Evaluate Wayside Horn at Passive Crossings

Currently, the wayside horn concept has been considered solely for active crossings where the
infrastructure exists to operate these devices. However, the wayside horn might be effective as a
warning device at passive crossings. The primary need isfor an energy source to power the
warning device and a method for activating the wayside horn.  However, new technology may
exist which can solve the energy needs of awayside horn. The need for awayside horn will
depend upon the community noise near passive crossings. Many passive crossings are located in
rural areas, where the population density near the grade crossing isrelatively low. At these
crossings there may be little need for an alternative to the train horn. However, at passive
crossings that do experience significant community noise, the wayside horn might reduce this
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impact. From the motorist’s perspective, we do not know how a wayside horn might affect
compliance at the crossing. The auditory warning provided by the train is currently the only
warning that indicates the train is approaching. How would motorists perceive this auditory
warning when it comes from a device not located on the train? The location of the auditory
warning on the train gives the motorist information about the direction of approach. An auditory
warning from awayside horn would lack thisinformation. Will thislack of directional
information affect driver behavior? Can asigna be created which would provide directiona
information? If the answer isyes, can this feature be included at sufficiently low cost to be
practica? An evauation of auditory warnings at passive crossings would help to answer these
questions.
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Community Noise Impact of Train Horns

Telephone Survey Column Data Entry Code
. Subject ID#: 1. Subject ID #
Name of Respondent: 1-4 Digit Number
Phone: -
2. Address. 5 Address
3. LoudnessRange: <55dB(A) 55-70dB(A) >70dB(A) Enter Text
Date Time Interviewer Result of Action Completion
Phone Call Required Status 3. Loudness Range
1 >70dB(A)
2 55-70dB(A)
3 <55dB(A)

Abbreviations

NA=No CALL=Cadl back, C=Complete
Answer (when)

REF=Refused NONE=None I=Incomplete
(Explain)

SR=Spoke REP=Send Report

w/Respondent

WN=Wrong
Number

DISC=
Disconnected




Subject 1D#

INTRODUCTION
Hello. Isthisthe (last name) residence?

IF CORRECT HOUSEHOLD 1S REACHED IF INCORRECT HOUSEHOLD IS REACHED
My nameis (interviewer’sname) . | amcaling The number | was calling is
from the IF WRONG NUMBER, END CONVERSATION

on behalf of the City of Gering. We are doing WITH:
research to find out how the community feels
about the sound of the train horns as they pass
over the railroad grade crossings in Gering.

| am sorry to have bothered you. Good-bye.

We announced on radio, TV and in the newspaper
that we would call to ask some guestions about
the train horn and how it affects you. Did you see

or hear it?

PERSON RECEIVED ANNOUNCEMENT PERSON DID NOT RECEIVE ANNOUNCEMENT
According to the method we use, | need to I’m sorry we didn’t reach you. It was a brief
interview an adult member of your household. announcement so people would know we might cal them.
Would that be you? IF PERSON ISNOT A MEMBER OF THE

HOUSEHOLD: When may | call back to reach an adult
member of the household.

So that | will know who to ask for, what is his’her name?

REPEAT BACK TO BE SURE YOU HAVE IT AND
THE PRONUNCIATION IS CORRECT. IF
RESPONDENT OBJECTS TO PROVIDING NAME:
We only need the person’sfirst name.




Subject 1D#

IF PERSON ISADULT

IF PERSON ISNOT ADULT

BEGIN INTERVIEW.

|s there someone in your household that is at
least 18 years old or older?

IF ANOTHER ADULT, ISAVAILABLE

IF ANOTHER ADULT ISNOT
AVAILABLE

May | speak with that person?

| am sorry to have bothered you. Thank you
for your time. Good-bye.

OTHER HOUSEHOLD MEMBER
AVAILABLE TO TALK

OTHER HOUSEHOLD MEMBER NOT
AVAILABLE TO TALK

WHEN SELECTED PERSON ANSWERS,
REPEAT INTRODUCTION & BEGIN
INTERVIEW.

When may | call back to reach him/her?

So that | will know who to ask for, what is
his’her name?

REPEAT BACK TO BE SPELLING AND
PRONUNCIATION ARE CORRECT. IF
RESPONDENT OBJECTS TO PROVIDING
NAME: We only need the person’ s first name.

BEGIN INTERVIEW

The questions | need to ask should take about 5 minutes. But before starting them | want to
mention that | would be happy to answer any question you might have about the study either now

or later. Okay?




Subject ID# Column Data Entry Code

EVALUATION OF HORN SYSTEM 4. Horn Count
0=0
1=15

1. When you are at home, how many trains aday do you hear asindicated by the train blowing 2 = 6-10

its horn? 3 = 11-20
IF THE RESPONDENT ANSWERS WITH AN ADJECTIVE SUCH AS“A LOT", ASK 4 = 21-30
THE RESPONDENT TO ESTIMATE WITH A NUMBER. CIRCLE THE NUMERICAL 5 = 31-40
RANGE THAT THE NUMBER FALLSWITHIN. ? = 415-30
= >
1-5 6-10 11-20 21-30 31-40 41-50 >50 Time Horn Heard
1 2 3 4 5 6 7 5. Day
0 No
1 Yes
IF THE NUMBER 0 1S CIRCLED, SKIP TO QUESTION #28
6. Evening
0 No
2. What times of day do you hear the train horn at home? 1 Yes
Do you hear it during the day, between 6:00 am. and 5:00 pm. - Night
. Ni
Do you hear it in the evening between 5:00 pm. and 10:00 pm. 0 gN 0
Do you hear the train horn at night, between 10:00 pm. and 6:00 am. 1 Yes
CIRCLE THE APPROPRIATE CATEGORIES BELOW.
DAY EVENING NIGHT
6:00 AM. - 5:00 PM. 5: 00 PM. - 10:00 PM.. 10:00 PM. - 6:00 AM.
NO YES NO YES NO YES




Subject 1D#

FOR EACH TIME PERIOD THAT THE RESPONDENT HEARS THE TRAIN, CIRCLE THE
RESPONSE THAT INDICATES HOW LOUD THE TRAIN HORN IS.

| would like your opinion on the loudness of the train horn. Isthe horn not at all loud, slightly
loud, moderately loud, very loud or extremely loud.

NOTATALL  SLIGHTLY MODERATELY VERY EXTREMELY
LOUD LOUD LOUD LOUD LOUD
3. Duringtheday 1 2 3 4 5
7:00 AM - 5:00 PM
4. Duringtheevening 1 2 3 4 5
5: 00 PM - 10:00 PM
5. Duringthenight 1 2 3 4 5

10:00 PM - 7:00 AM

Column Data Entry Code

8.

10.

Loudness By Time Of Day

Day

1 Not At All Loud

2 Slightly Loud

3 Moderately Loud
4 Very Loud

5 Extremely Loud

Evening

1 Not At All Loud

2 Slightly Loud

3 Moderately Loud
4 Very Loud

5 Extremely Loud

Night

1 Not At All Loud

2 Slightly Loud

3 Moderately Loud
4 Very Loud

5 Extremely Loud



Subject 1D#

FOR EACH TIME PERIOD THAT THE RESPONDENT HEARS THE TRAIN, CIRCLE THE
RESPONSE THAT INDICATES HOW ANNOYING THE TRAIN HORN |IS.

| would like your opinion on the annoyance of the train horn. Is the horn not at all annoying,
dightly annoying, moderately annoying, very annoying or extremely annoying.

NOTATALL  SLIGHTLY MODERATELY VERY EXTREMELY
ANNOYING  ANNOYING ANNOYING ANNOYING ANNOYING
6. Duringtheday 1 2 3 4 5
7:00 AM - 5:00 PM
7. During the evening 1 2 3 4 5
5: 00 PM - 10:00 PM
8. Duringthenight 1 2 3 4 5

10:00 PM - 7:00 AM

Column Data Entry Code

12.

13.

Annoyance By Time Of Day
11.

Day

1 Not At All Annoying
2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying

Evening

1 Not At All Annoying
2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying

Night

1 Not At All Annoying

2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying



Subject 1D#

Now | would like to ask whether the sound from the train horn interferes with activities you do at
home. 1I'm going to list a series of activities. Please tell me how many times a day the sound from

the train horn interferes with any of these activities:

9. Listening to the radio or television

10. Talking with someone on the phone or in person
11. Reading

12. Sleeping

13. Keeping windows open

14. Outdoor activities (for example, entertaining
or gardening)

o O O O O O

NUMBER OF TIMES

1-3
1-3
1-3
1-3
1-3
1-3

4-6
4-6
4-6
4-6
4-6
4-6

7-9
7-9
7-9
7-9
7-9
7-9

10+
10+
10+
10+
10+
10+

Column Data Entry Code

Interferes With Activities

14. Radio/TV 19. Outdoor
00 00
11-3 11-3
2 4-6 2 4-6
379 379
4 10+ 4 10+

15. Conversation
00
11-3
2 4-6
379
4 10+

16. Reading

00
11-3
2 4-6
379
4 10+
17. Sleeping
00
11-3
2 4-6
379
4 10+
18. Keep windows open
00
11-3
2 4-6
379
4 10+



Subject ID# Column Data Entry Code

Now | would like to ask you how many times a day you have taken any of the following stepsto Repetitive Actions Taken
minimize the noise from the train horn on your activities at home:
20. Covered ears

00
NUMBER OF TIMES 11-3

1-3 4-6 7-9 10+ 2 4-6
3 7-9
1-3 4-6 7-9 10+ 4 10+

1-3 4-6 7-9 10+ 21. Stopped talking

17. Turned up the volume 1-3 4-6 7-9 10+ 2 2_3

of theradio or TV 2 46
18. Closed awindow 0 1-3 4-6 7-9 10+ 379
4 10+
19. Wore ear plugs 0 1-3 4-6 7-9 10+ 22, Turned up volume
00
113
2 4-6
379
4 10+
23. Closed window
00
113
2 4-6
379
4 10+
24. Wore ear plugs
00
113
2 4-6
379
4 10+

15. Covered your ears
16. Stopped talking

o O O O




Subject 1D#

Have you taken any of the following actions because of the noise from the train:

20. Soundproofed the house (for example extra NO
insulation or installing new windows)

21. Landscaped the yard to add sound barrier NO

22. Complained to someonein an officia position (for NO
example, acity official or someone at the Railroad)

23. Looked into moving to another location NO

24. Considered moving to another location NO

25. Isthe train horn more annoying when you are in the house or out of doors?

EQUALLY

INSIDE OUTSIDE ANNOYING NEITHER

26. How annoying is the noise from the train when you are out in public places, say for example
when you are shopping, attending religious services, attending a concert or watching a
football game? Would you say the noiseis not at al annoying, dightly annoying, moderately

annoying, very annoying or extremely annoying?

NOT AT ALL SLIGHTLY MODERATELY VERY
ANNOYING  ANNOYING  ANNOYING  ANNOYING

YES

YES
YES

YES
YES

EXTREMELY
ANNOYING

Column Data Entry Code

One Time Actions Taken

25.

26.

27.

28.

29.

30.

31.

Soundproofed
0 No
1 Yes

Landscaped
0 No
1 Yes

Complained
0 No
1 Yes

Looked into Moving
1 No
2 Yes

Considered Moving
1 No
2 Yes

Where More Annoying
1 Inside

2 Outside

3 Equally Annoying

4 Neither

Public Annoyance

1 Not At All Annoying
2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying



Subject ID# Column Data Entry Code

DEMOGRAPHIC INFORMATION 32. Lived at Address
: . #OF MONTHS=YEARS
27. How long have you lived at this address? 00 -6 0- 1)
1 7 - 18 (1% 2%
2 19- 30 (¥ 3%
NTHSAND OR YEAR
NUMBER OF MONTHS 0 S 3 31- 42 (3% 4%
4 43 - 54 (4¥>51)
5 55- 66 (5% 6Y%)
6 67 - 78 (6% 7Y
7 79- 90 (7% 8%
8 91 - 102 (8% 9%Y)
9 103 or more(9 ¥~ )
28. What is your age? 33. Age
Enter Number
29. GENDER 34. Gender
1 Mde
MALE FEMALE 2 Femae
END INTERVIEW
That's al the questions | have. Thank you very much for your time. Do you have any questions?
Good-bye.
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Community Noise Impact of Wayside Horns

Telephone Survey Column Data Entry Code
. Subject ID#: 1. Subject ID #
Name of Respondent: 1-4 Digit Number
Phone: -
2. Address. 5 Address
3. LoudnessRange: <55dB(A) 55-70dB(A) >70dB(A) Enter Text
Date Time Interviewer Result of Action Completion
Phone Call Required Status 3. Loudness Range
1 >70dB(A)
2 55-70dB(A)
3 <55dB(A)

Abbreviations

NA=No CALL=Cadl back, C=Complete
Answer (when)

REF=Refused NONE=None I=Incomplete
(Explain)

SR=Spoke REP=Send Report

w/Respondent

WN=Wrong
Number

DISC=
Disconnected




Subject 1D#

INTRODUCTION
Hello. Isthisthe (last name) residence?

IF CORRECT HOUSEHOLD 1S REACHED IF INCORRECT HOUSEHOLD IS REACHED
My nameis (interviewer’sname) . | amcaling The number | was calling is
from the IF WRONG NUMBER, END CONVERSATION

on behalf of the City of Gering. We are doing WITH:
research to find out how the community feels
about the sound of the wayside horns at the
railroad grade crossings in Gering.

| am sorry to have bothered you. Good-bye.

We announced on radio, TV and in the newspaper
that we would call to ask some guestions about
the wayside horn and how it affects you. Did you

see or hear it?

PERSON RECEIVED ANNOUNCEMENT PERSON DID NOT RECEIVE ANNOUNCEMENT
According to the method we use, | need to I’m sorry we didn’t reach you. It was a brief
interview an adult member of your household. announcement so people would know we might cal them.
Would that be you? IF PERSON ISNOT A MEMBER OF THE

HOUSEHOLD: When may | call back to reach an adult
member of the household.

So that | will know who to ask for, what is his’her name?

REPEAT BACK TO BE SURE YOU HAVE IT AND
THE PRONUNCIATION IS CORRECT. IF
RESPONDENT OBJECTS TO PROVIDING NAME:
We only need the person’sfirst name.




Subject 1D#

IF PERSON ISADULT

IF PERSON ISNOT ADULT

BEGIN INTERVIEW.

|s there someone in your household that is at
least 18 years old or older?

IF ANOTHER ADULT, ISAVAILABLE

IF ANOTHER ADULT ISNOT
AVAILABLE

May | speak with that person?

| am sorry to have bothered you. Thank you
for your time. Good-bye.

OTHER HOUSEHOLD MEMBER
AVAILABLE TO TALK

OTHER HOUSEHOLD MEMBER NOT
AVAILABLE TO TALK

WHEN SELECTED PERSON ANSWERS,
REPEAT INTRODUCTION & BEGIN
INTERVIEW.

When may | call back to reach him/her?

So that | will know who to ask for, what is
his’her name?

REPEAT BACK TO BE SPELLING AND
PRONUNCIATION ARE CORRECT. IF
RESPONDENT OBJECTS TO PROVIDING
NAME: We only need the person’ s first name.

BEGIN INTERVIEW

The questions | need to ask should take about 5 minutes. But before starting them | want to
mention that | would be happy to answer any question you might have about the study either now

or later. Okay?




Subject ID# Column Data Entry Code

EVALUATION OF HORN SYSTEM 4. Horn Count
0=0
1=15

1. When you are at home, how many trains aday do you hear asindicated by the sounding of 2 = 6-10

the wayside horn? 3 = 11-20
IF THE RESPONDENT ANSWERSWITH AN ADJECTIVE SUCH AS“A LOT”, ASK 4 = 21-30
THE RESPONDENT TO ESTIMATE WITH A NUMBER. CIRCLE THE NUMERICAL 5 = 31-40
RANGE THAT THE NUMBER FALLS WITHIN. ? = 415-30
= >
1-5 6-10 11-20 21-30 31-40 41-50 >50 Time Horn Heard
1 2 3 4 5 6 7 5. Day
0 No
1 Yes
IF THE NUMBER 0 1S CIRCLED, SKIP TO QUESTION #28
6. Evening
0 No
2. What times of day do you hear the wayside horn at home? 1 Yes
Do you hear it during the day, between 6:00 am. and 5:00 pm. - Night
. Ni
Do you hear it in the evening between 5:00 pm. and 10:00 pm. 0 gN 0
Do you hear the wayside horn at night, between 10:00 pm. and 6:00 am. 1 Yes
CIRCLE THE APPROPRIATE CATEGORIES BELOW.
DAY EVENING NIGHT
6:00 AM. - 5:00 PM. 5: 00 PM. - 10:00 PM. 10:00 PM. - 6:00 AM.
NO YES NO YES NO YES




Subject ID# Column Data Entry Code

FOR EACH TIME PERIOD THAT THE RESPONDENT HEARS THE WAY SIDE HORN, Loudness By Time Of Day
CIRCLE THE RESPONSE THAT INDICATES HOW LOUD THE WAY SIDE HORN IS. 8. Day
| would like your opinion on the loudness of the wayside horn. Isthe horn not at al loud, slightly 1 Not At All Loud
loud, moderately loud, very loud or extremely loud. 2 Slightly Loud
3 Moderately Loud
4 Very Loud
5 Extremely Loud
NOTATALL  SLIGHTLY MODERATELY VERY EXTREMELY
LOUD LOUD LOUD LOUD LOUD
3. During the day 1 2 3 4 5 9. Evening 1 Loud
1 Not At All Lou
7:00 AM - 5:00 PM 2 Slightly Loud
4. Duringtheevening 1 2 3 4 5 3 Moderately Loud
: . 4 Very Loud
5: 00 PM - 10:00 PM 5 Extremely Loud
5. Duringthenight 1 2 3 4 5

10:00 PM - 7:00 AM 10. Night

1 Not At All Loud
2 Slightly Loud

3 Moderately Loud
4 Very Loud

5 Extremely Loud




Subject 1D#

FOR EACH TIME PERIOD THAT THE RESPONDENT HEARS THE WAY SIDE HORN,
CIRCLE THE RESPONSE THAT INDICATES HOW ANNOYING THE WAY SIDE HORN
IS.

| would like your opinion on the annoyance of the wayside horn. Is the horn not at all annoying,
dightly annoying, moderately annoying, very annoying or extremely annoying.

NOTATALL  SLIGHTLY MODERATELY VERY EXTREMELY
ANNOYING  ANNOYING ANNOYING ANNOYING ANNOYING
6. Duringtheday 1 2 3 4 5
7:00 AM - 5:00 PM
7. During the evening 1 2 3 4 5
5: 00 PM - 10:00 PM
8. Duringthenight 1 2 3 4 5

10:00 PM - 7:00 AM

Column Data Entry Code

12.

13.

Annoyance By Time Of Day
11.

Day

1 Not At All Annoying

2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying

Evening

1 Not At All Annoying

2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying

Night

1 Not At All Annoying

2 Slightly Annoying

3 Moderately Annoying
4 Very Annoying

5 Extremely Annoying



Subject 1D#

Now | would like to ask whether the sound from the wayside horn interferes with activities you

do at home. I'm going to list aseries of activities. Please tell me how many times a day the
sound from the wayside horn interferes with any of these activities:

NUMBER OF TIMES

1-3 46 7-9
1-3 46 7-9

13. Keeping windows open

9. Listening to the radio or television 0 13 46 7-9
10. Taking with someone on thephoneorinperson 0  1-3  4-6 7-9
11. Reading 0 13 46 7-9
12. Sleeping 0 13 46 7-9
0
0

14. Outdoor activities (for example, entertaining
or gardening)

10+
10+
10+
10+
10+
10+

Column Data Entry Code

Interferes With Activities

14. Radio/TV 19. Outdoor
00 00
11-3 11-3
2 4-6 2 4-6
379 379
4 10+ 4 10+

15. Conversation
00
11-3
2 4-6
379
4 10+

16. Reading

00
11-3
2 4-6
379
4 10+
17. Sleeping
00
11-3
2 4-6
379
4 10+
18. Keep windows open
00
11-3
2 4-6
379
4 10+



Subject ID# Column Data Entry Code

Now | would like to ask you how many times a day you have taken any of the following stepsto Repetitive Actions Taken
minimize the noise from the wayside horn on your activities at home:
20. Covered ears

00
NUMBER OF TIMES 11-3

1-3 4-6 7-9 10+ 2 4-6
3 7-9
1-3 4-6 7-9 10+ 4 10+

1-3 4-6 7-9 10+ 21. Stopped talking

17. Turned up the volume 1-3 4-6 7-9 10+ 2 2_3

of theradio or TV 2 46
18. Closed awindow 0 1-3 4-6 7-9 10+ 379
4 10+
19. Wore ear plugs 0 1-3 4-6 7-9 10+ 22, Turned up volume
00
113
2 4-6
379
4 10+
23. Closed window
00
113
2 4-6
379
4 10+
24. Wore ear plugs
00
113
2 4-6
379
4 10+

15. Covered your ears
16. Stopped talking

o O O O




Subject 1D#

Have you taken any of the following actions because of the noise from the wayside horn:

20. Soundproofed the house (for example extra NO YES
insulation or installing new windows)

21. Landscaped the yard to add sound barrier NO YES

22. Complained to someonein an officia position (for NO YES
example, acity official or someone at the Railroad)

23. Looked into moving to another location NO YES

24. Considered moving to another location NO YES

25. Is the wayside horn more annoying when you are in the house or out of doors?

EQUALLY
INSIDE OUTSIDE ANNOYING NEITHER

26. How annoying is the noise from the wayside horn when you are out in public places, say for
example when you are shopping, attending religious services, attending a concert or watching
afootbal game? Would you say the noise is not at al annoying, dightly annoying, moderately
annoying, very annoying or extremely annoying?

NOT AT ALL SLIGHTLY MODERATELY VERY EXTREMELY
ANNOYING  ANNOYING  ANNOYING  ANNOYING  ANNOYING

Column Data Entry Code

One Time Actions Taken

25. Soundproofed
0 No
1 Yes

26. Landscaped
0 No
1 Yes

27. Complained
0 No
1 Yes

28. Looked into Moving
1 No
2 Yes

29. Considered Moving
1 No
2 Yes

30. Where More Annoying
1 Inside
2 Outside
3 Equally Annoying
4 Neither

31. Public Annoyance
1 Not At All Annoying
2 Slightly Annoying
3 Moderately Annoying
4 Very Annoying
5 Extremely Annoying



Subject ID# Column Data Entry Code

DEMOGRAPHIC INFORMATION 32. Lived at Address
: . #OF MONTHS=YEARS
27. How long have you lived at this address? 00 -6 0- 1)
1 7 - 18 (1% 2%
2 19- 30 (¥ 3%
NTHSAND OR YEAR
NUMBER OF MONTHS 0 S 3 31- 42 (3% 4%
4 43 - 54 (4%>-51)
5 55- 66 (5% 6Y%)
6 67 - 78 (6% 7Y
7 79- 90 (7% 8%
8 91 - 102 (8% 9%Y)
9 103 or more(9 ¥~ )
28. What is your age? 33. Age
Enter Number
29. GENDER 34. Gender
1 Mde
MALE FEMALE 2 Femae
END INTERVIEW
That's al the questions | have. Thank you very much for your time. Do you have any questions?
Good-bye.




APPENDIX C. HOW SOUND ISMEASURED

Sound is the result of pressure fluctuations in the air from moving or vibrating objects. These
pressure fluctuations are measured in microPascals and can range from 20 to 20 million.

Because of their large range, these fluctuations, commonly called sound energy, are converted to
alogarithmic scale called the decibel scale. A value of O decibelsis equal to a pressure fluctuation
of 20 microPa and corresponds to the threshold of hearing for most humans. A value of 140 dB
is equated to a pressure fluctuation of 20 million microPa and corresponds to the threshold of pain
for most humans.

Sounds are typically measured over time. Figure 13 shows what a graphic time history of
neighborhood sound levels might look like over a one hour period. The peaks and valleysin the
level recording indicate a variety of activities. The arrow points to the maximum sound level that
occurred, called L .

Sound
Pressure %

Level

Time

Figure 13. Representation of Sound Level Over Time

Several metrics are commonly used to describe sound. The first is the hourly equivalent sound
level, Lequn. This measure represents the average level for a one-hour period. A second measure
is the day-night average sound level (Lgn). Lgn measures the average sound level that occurs over
a 24 hour period, with a 10 dB penalty imposed on those sounds which occur between 10 pm and
7 am. A third measure is the sound exposure level (SEL). SEL measures the cumulative noise
exposure from asingle event. The fact that SEL is a cumulative measure has two implications
First, SEL isdirectly related to intensity of the noise event. As sound intensity increases, SEL
increases. Second, SEL increases with the duration of the event. Given two sound events of the
same intensity, people judge longer events to be more annoying that shorter events.

Sound is also characterized by its frequency or tonaity. Most humans can hear in arange from 20
Hz to 20 kHz. Asapoint of reference, the tones generated by atypical 88 key piano range from
28 Hz t0 4186 Hz, middle C has a frequency of 261.6 Hz. The human speaking voice has arange
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APPENDIX C. HOW SOUND IS MEASURED

of 70 to 400 Hz. Because the human ear is not equally sensitive at al frequencies, community
noise is usually measured using an A-weighting network. A-weighted measurements better
approximate human sensitivity to sound at different frequencies than other weighted or
unweighted measurements. A-welghted measurements emphasi ze sounds between 1000 Hz and
6300 HZ, and de-emphasi ze sounds outside this range. Sound levels measured using the A-
weighting network are denoted by the symbol dBA.

When sound frequency is measured, it is often measured in one-third octave bands. One third
octave bands are used because they most closely imitate the filtering characteristics of the human
ear. An octaveisdefined as adoubling of the frequency value (e.g., atone at 1000 Hz is one
octave above atone at 500 Hz).
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APPENDIX D. ACOUSTIC MEASUREMENTS FOR TRAIN HORN

Acoustical Measurementsfor Monitoring L ocation: 1

Closest Crossing: Country Club Rd.

Address or Location: 100 feet from grade crossing at Country Club Road
Land Use: Residential and Undeveloped

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidity
(F) (mph) Direction (%)

11/06/95 1:05pm 1:52 839 985 428 1043 23 50 6-12 0 50
11/06/95 2:23pm  1:02 87 999 544 1049 25 478 6-8 0 53
11/07/95 805am 052 89 994 589 106 20 32 4-9 0 64
11/07/95 838am 114 829 1004 44 1015 16 37 4-6 340 74
11/07/95 11:04am 227 845 103 632 1061 24  37.2 2-4 340 61
11/07/95 11:33am 053 825 958 548 997 22 366 1-8 340 55
11/07/95 11:53am 049 877 99.9 456 1046 19  37.2 1-3 0 71
Average 85.36 99.56 51.96 103.87

Standard Deviation 253 216 7.92 239

Acoustical Measurementsfor Monitoring L ocation: 2

Closest Crossing: Country Club Rd.
Address or Location: 19 Toluca
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(F) (mph) Direction vy (%)

11/06/95 1:.05pm  1:46 527 621 448 73 23 50 6-12 0 50
11/06/95 2:23pm 053 551 615 478 723 25 47.8 6-8 0 53
11/07/95 8:05am 052 56.8 679 46.2 74 20 32 4-9 0 64
11/07/95 8:38am 1:11 595 694 47.1 78 16 37 4-6 340 74
11/07/95 11:.04am 2:44 517 644 423 739 24 37.2 2-4 340 61
11/07/95 11:33am 057 513 593 421 688 22 36.6 1-8 340 55
11/07/95 11:53am 0:49 514 595 43 68.3 19 37.2 1-3 0 71
Average 54.07 63.44 44.76 72.61

Standard Deviation 317 397 235 332
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Acoustical Measurementsfor Monitoring Location: 3

Closest Crossing: Country Club Rd.
Address or Location: 2560 Pacific Blvd.

Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(F) (mph) Direction vy (%)

11/06/95 1:.06 pm  1:48 815 942 457 1019 23 50 6-12 0 50
11/06/95 2:24pm 053 871 962 676 1044 25 47.8 6-8 0 53
11/07/95 8:05am  0:56 87 9%4 65 1045 16 32 4-9 0 64
11/07/95 11:.05am 247 69.2 776 415 915 24 37.2 2-4 340 61
11/07/95 11:34am 059 828 926 576 1006 22 36.6 1-8 340 55
11/07/95 11:54am 051 782 882 658 952 19 37.2 1-3 0 71
Average 80.97 90.87 57.20 99.68

Standard Deviation 6.69 716 1115 526

Acoustical Measurementsfor Monitoring Location: 4
Closest Crossing: Country Club Rd.

Address or Location: 2525 Ponder Place

Land Use: Residential

Date Time Duration Leg Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(3] (mph) Direction vy (%)

11/06/95 1:.06 pm 1:44 564 678 428 76.6 23 50 6-12 0 50
11/06/95 2:24pm 053 633 729 496 80.6 25 47.8 6-8 0 53
11/07/95 8:05am 052 56.6 623 435 738 20 32 4-9 0 64
11/07/95 839am 116 532 66.7 393 719 16 37 4-6 340 74
11/07/95 11:.05am  2:47 50 627 371 721 24 37.2 2-4 340 61
11/07/95 11:34am 0:59 493 609 413 67 22 36.6 1-8 340 55
11/07/95 11:55am 050 56.2 654 42 73.2 19 37.2 1-3 0 71
Average 55.00 65.53 42.23 73.60

Standard Deviation 475 410 392 422
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Acoustical Measurementsfor Monitoring Location: 5

Closest Crossing: 10th Street
Address or Location: 1225 Pawnee Court
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(F) (mph)  Direction vy (%)
11/09/95 7:20am 1:23 789 91.1 539 981 18 58 6-8 300 41
11/09/95 4:11pm 1:09 704 852 525 888 22 47.2 6 320 64
11/09/95 4:37pm 050 878 98 671 1049 21 46 6 300 74
11/09/95 6:10pm 1:02 609 715 463 789 25 404 0 n/a 79
11/09/95 6:26 pm  1:07 81 949 573 993 18 404 0 n/a 79
11/09/95 6:45pm 1:14 855 975 538 1043 18 39.2 0 n/a 79
Average 77.42 89.70 55.15 95.72
Standard Deviation 10.10 10.10 6.87 10.07
Acoustical Measurementsfor Monitoring L ocation: 6
Closest Crossing: 10th Street
Address or Location: 1705 Bluff View Drive
Land Use: Residential
Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(F (mph)  Direction vy (%)
11/09/95 7:22am 1:20 523 581 441 713 18 58 6-8 300 41
11/09/95 4:37pm 0:48 67.1 759 537 84 21 46 6 300 74
11/09/95 6:27pm 0:47 731 849 477 897 18 404 0 n/a 79
11/09/95 6:44pm 1:19 583 744 437 773 18 39.2 0 n/a 79

Average 62.70 73.33 47.30 80.58
Standard Deviation 922 1116 4.63 7.99
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Acoustical Measurementsfor Monitoring L ocation: 7
Closest Crossing: 10th Street

Address or Location: 1340 T Street

Land Use: Residential

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(F) (mph)  Direction vy (%)

11/09/95 7:22am  1:17 53 694 431 721 18 58 6-8 300 41
11/09/95 4:11pm 053 56.8 70.1 469 74 22 47.2 6 320 64
11/09/95 4:37pm 043 624 727 484 787 21 46 6 300 74
11/09/95 6:10pm 0:50 56.6 70.6 448 73.6 25 40.4 0 n/a 79
11/09/95 6:27pm 041 538 629 43 69.8 18 40.4 0 n/a 79
11/09/95 6:44pm 1:06 493 58 406 493 18 39.2 0 n/a 79

Average 55.32 67.28 44.47 69.58

Standard Deviation 442 562 2.85 10.36

Acoustical Measurementsfor Monitoring Location: 8

Closest Crossing: 10th Street
Address or Location: Gardner Park
Land Use: Park

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit
(F) (mph)  Direction vy (%)

11/09/95 7:21am 1:07 659 741 486 84.2 18 58 6-8 300 41
11/09/95 4:10pm  1:.07 62 749 481 803 22 47.2 6 320 64
11/09/95 4:36 pm 1:04 748 842 483 928 21 46 6 300 74
11/09/95 6:09pm 1:04 579 679 472 76.6 25 40.4 0 n/a 79
11/09/95 6:26ppm 0:44 669 752 452 834 18 40.4 0 n/a 79
11/09/95 6:43pm 1:17 586 688 45 77.5 18 39.2 0 n/a 79

Average 64.35 74.18 47.07 8247

Standard Deviation 630 584 159 591
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Acoustical Measurementsfor Monitoring L ocation: 9

Closest Crossing: 10th Street
Address or Location: 100 feet from 10th Street grade crossing

Land Use:

Date Time Duration Leq Lmax Lmin SEL Speed Temp Wind Wind  Humidit

(F) (mph)  Direction vy (%)

11/09/95 7:22am 1:19 816 953 525 1006 18 58 6-8 300 41
11/09/95 4:10pm 1:14 788 96.2 534 975 22 47.2 6 320 64
11/09/95 4:40pm 1:02 814 948 58 99.3 21 46 6 300 74
11/09/95 6:10pm 0:45 90.7 106.1 582 1073 25 404 0 n/a 79
11/09/95 6:25pm 0:56 904 104 601 1079 18 404 0 n/a 79
11/09/95 7:45pm 1:24 82 976 562 1013 18 39.2 0 n/a 79
Average 84.15 99.00 56.40 102.32
Standard Deviation 508 483 296 4.30
Acoustical Measurementsfor Monitoring Location: 10
Closest Crossing: 7th Street
Address or Location: 100 feet from 7th Street grade crossing
Land Use:

Date Time Duration Leq Lmax Lmin SEL Speed Temp  Wind Wind  Humidit

(F) (mph)  Direction vy (%)

11/08/95 819am 1:21 79.8 936 552 1066 20 36 0 n/a 68
11/08/95 832am 1:37 856 994 528 1021 22 36 0 n/a 68
11/08/95 854am 1:49 87.6 1045 52 1068 21 42.8 0 n/a 63
11/08/95 10:07am 0:48 88.6 967 549 1053 22 52.5 5-12 340 55
11/08/95 10:30am 1:21 837 985 553 1059 22 55.5 5-12 340 40
11/08/95 1:18 pm  1:26 859 1039 547 1062 22 66.2 8-11 320 31
11/08/95 1:38pm  2:02 86.6 1053 542 1076 20 66.4 8-11 320 32
11/08/95 1:57pm 1:58 90.2 1076 572 1109 20 66.4 9 300 32
11/08/95 3:45pm  1:08 84 1012 552 1023 21 62.6 6-12 320 36
11/08/95 4:00pm 1:29 816 982 558 101 22 62.6 6-10 320 36
11/08/95 4:15pm 1:09 84.7 1016 541 1031 23 61.6 6-10 320 35

Average 85.30 100.95 54.67 105.25
Standard Deviation 301 416 141 290
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Acoustical Measurementsfor Monitoring L ocation: 11

Closest Crossing: 7th Street
Address or Location: 9th and R Street
Land Use: School

Date Time Duration Leq Lmax Lmin SEL Speed Temp  Wind Wind  Humidit
(F) (mph)  Direction vy (%)

11/08/95 8:19am 1:21 574 66.2 483 765 20 36 0 n/a 68
11/08/95 8:32am 1:37 57.1 66.6 489 77 22 36 0 n/a 68
11/08/95 8:54am 1:39 56.7 659 479 76.7 21 42.8 0 n/a 63
11/08/95 10:07am 048 588 651 526 757 22 525 5-12 340 55
11/08/95 10:30am 1:21 599 704 453 79 22 55.5 5-12 340 40
11/08/95 1:18pm 1:26 616 745 46 81 22 66.2 8-11 320 31
11/08/95 1:38pm 2:07 605 723 465 816 20 66.4 8-11 320 32
11/08/95 1.57pm 156 66.2 79.2 48 86.9 20 66.4 9 300 32
11/08/95 3:41pm 1:22 616 744 484 807 21 62.6 6-12 320 36
11/08/95 4:00pm 120 56.2 68 46.6 752 22 62.6 6-10 320 36
11/08/95 4:15pm 1:10 617 739 49 80.2 23 61.6 6-10 320 35

Average 59.79 70.59 4795 79.14

Standard Deviation 297 460 197 344

Acoustical Measurementsfor Monitoring L ocation: 12
Closest Crossing: 7th Street

Address or Location: 500 P Street

Land Use: Residential

Date Time Duration Leq Lmax Lmin SEL Speed Temp  Wind Wind  Humidit
(F) (mph)  Direction vy (%)

11/08/95 8:19am 1:20 547 642 468 731 20 36 0 n/a 68
11/08/95 8:36am 129 605 73.6 544 778 22 36 0 n/a 68
11/08/95 10:07am 048 60.7 69.3 519 722 22 52.5 5-12 340 55
11/08/95 10:30am 1:21 574 715 484 7715 22 55.5 5-12 340 40
11/08/95 1:19pm  1:22 599 70.6 493 79 22 66.2 8-11 320 31
11/08/95 1:38pm  2:07 582 73 423 79 20 66.4 8-11 320 32
11/08/95 1.57pm 155 616 77.7 437 822 20 66.4 9 300 32
11/08/95 3:41pm 112 579 733 451 764 21 62.6 6-12 320 36
11/08/95 4:00pm 1:26 533 66,5 41 72.6 22 62.6 6-10 320 36
11/08/95 4:15pm 1:11 556 67.6 446 74 23 61.6 6-10 320 35

Average 57.98 70.73 46.75 76.38

Standard Deviation 277 397 427 332

87



APPENDIX D. ACOUSTIC MEASUREMENTS FOR TRAIN HORN

Acoustical Measurementsfor Monitoring Location: 13

Closest Crossing: 7th Street

Address or Location: 6th and O Street

Land Use: School

Date Time Duration Leq Lmax Lmin SEL Speed Temp  Wind Wind  Humidit
(F) (mph)  Direction vy (%)
11/08/95 819am 1:20 56.6 674 49.7 756 20 36 0 n/a 68
11/08/95 832am 1:29 60.8 70.6 488 80.3 22 36 0 n/a 68
11/08/95 854am 1142 65 76.1 494 851 21 42.8 0 n/a 63
11/08/95 10:.07am 0:53 629 68.1 556 80.2 22 525 5-12 340 55
11/08/95 1:18 pm  1:16 65.7 79.3 455 845 22 66.2 8-11 320 31
11/08/95 1:38pm  2:.07 59.6 69.5 453 80.6 20 66.4 8-11 320 32
11/08/95 1:57pm 1:52 676 784 52 88.2 20 66.4 9 300 32
11/08/95 3:4lpm  1:22 624 746 465 81 21 62.6 6-12 320 36
11/08/95 4:00pm  1:20 53.7 632 439 729 22 62.6 6-10 320 36
11/08/95 4:15pm 1:10 606 70.3 472 793 23 61.6 6-10 320 35
Average 61.49 71.75 48.39 80.77
Standard Deviation 421 519 351 4.46
Acoustical Measurementsfor Monitoring Location: 14
Closest Crossing: 7th Street
Address or Location: 1325 8th Street
Land Use: Residential
Date Time Duration Leg Lmax Lmin SEL Speed Temp (F) Wind Wind  Humidit
(mph) Direction vy (%)
11/08/95 819am 0:47 512 558 474 679 20 36 0 n/a 68
11/08/95 8:32am 1:28 614 725 471 809 22 36 0 n/a 68
11/08/95 854am 141 651 782 483 851 21 42.8 0 n/a 63
11/08/95 10:07am 052 57.7 64 514 749 22 525 5-12 340 55
11/08/95 10:30am 1:28 531 619 46 725 22 55.5 5-12 340 40
11/08/95 1:18 pm 1:26 60.1 741 459 795 22 66.2 8-11 320 31
11/08/95 1:38pm 212 53.6 647 442 748 20 66.4 8-11 320 32
11/08/95 1:57pm 158 591 71 439 798 20 66.4 9 300 32
11/08/95 3:41pm  1:11 539 636 458 724 21 62.6 6-12 320 36
11/08/95 4:00pm 1:26 515 57 457 708 22 62.6 6-10 320 36
11/08/95 4:15pm 121 541 638 45 732 23 61.6 6-10 320 35
Average 56.44 66.05 46.43 75.62

Standard Deviation

452 707 211

5.10
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Acoustical Measurementsfor Monitoring Location: 1

Closest Crossing: Country Club Rd.
Address or Location: 100 feet from the grade crossing
Land Use: Residential and Undeveloped

Date Time  Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)
02/07/96 08:57am 00:12 846 888 731 954 52.8 6-10 SW 50
02/07/96 08:59am 00:22 842 888 731 976 52.8 6- 10 SW 50
02/07/96 09:00am  00:07 838 849 798 922 52.8 6-10 SW 50
02/07/96 09:02am  00:09 827 839 766 922 52.8 6-10 SW 50
02/07/96 09:03am 00:08 832 839 806 922 52.8 6-10 SW 50
02/07/96 09:04am 00:10 832 848 748 957 52.8 6-10 SW 50
02/07/96 09:05am 00:11 836 852 801 94 52.8 6- 10 SW 50
02/07/96 09:06am 00:12 826 848 674 826 52.8 6- 10 SW 50
11/07/95 10:55am 00:40 818 853 406 97.8 36.4 3-4 320 70
11/07/95 11:49am 00:10 831 865 931 37.2 1-3 0 71
11/07/95 11:50am  00:09 832 86.6 922 37.2 1-3 0 71
Average 83.27 8577 71.79 93.18
Standard Deviation 077 173 1244 411

Acoustical Measurementsfor Monitoring Location: 2

Closest Crossing: Country Club Rd.
Address or Location: 19 Toluca
Land Use: Residentid

Date

Time

Duration Leq Lmax Lmin

SEL Temp(F) Wind

(mph)

Wind Humidity
Direction (%)

Wayside Horn Not Audible

Acoustical Measurementsfor Monitoring Location: 3

Closest Crossing: Country Club Rd.
Address or Location: 2560 Pacific Blvd.
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph)  Direction (%)
11/07/95 10:56 am 0:44 471 506 395 636 36.4 34 320 70
11/07/95 11:47 am 00:08 446 499 419 537 37.2 1-3 0 71
11/07/95 11:50 am 00:09 464 485 427 56 37.2 1-3 0 71
Average 46.03 49.67 41.37 57.77

Standard Deviation

1.29

1.07

167 5.18
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Acoustical Measurementsfor Monitoring Location: 4

Closest Crossing: Country Club Rd.
Address or Location: 2525 Ponder Place
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph)  Direction (%)
02/07/96  08:59 am 00:13 458 513 432 5694 5238 6- 10 SW 50
02/07/96  09:00 am 00:13 452 508 422 5634 528 6-10 SW 50
02/07/96  09:02 am 00:12 448 46 43 5559 528 6-10 SW 50
02/07/96  09:03 am 00:13 473 50 4377 5844 5238 6-10 SW 50
02/07/96  09:05 am 00:12 444 462 422 5519 5238 6-10 SW 50
02/07/96  09:07 am 00:12 463 474 451 57.09 528 6- 10 SW 50
11/07/95 10:56 am 00:46 402 488 337 56.9 36.4 3-4 320 70
11/07/95 11:50 am 00:11 428 55 379 532 37.2 1-3 0 71
Average 44.60 49.44 41.38 56.21
Standard Deviation 223 301 373 157

Acoustical Measurementsfor Monitoring Location: 5
Closest Crossing: 10th Street

Address or Location: 1225 Pawnee Court

Land Use: Residential

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)
02/08/96 08:03 am 00:11 67 673 623 67.01 354 cam n/a 74
02/08/96 08:04 am 00:10 65 654 623 611 354 cam n/a 74
02/08/96 08:05 am 00:09 625 631 615 6464 354 cam n/a 74
02/08/96 08:07 am 00:10 625 627 594 683 354 cam n/a 74
02/08/96 08:07 am 00:10 645 65 579 628 354 cam n/a 74
02/08/96 08:08 am 00:11 645 648 584 6491 354 cam n/a 74
02/08/96 08:09 am 00:08 605 61 59 60.73 354 cam n/a 74
Average 63.79 64.19 60.11 64.21
Standard Deviations 212 207 187 286

Acoustical Measurementsfor Monitoring L ocation: 6

Closest Crossing: 10th Street
Address or Location: 1705 Bluff View Drive
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)

Wayside Horn Not Audible
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Acoustical Measurementsfor Monitoring L ocation: 7

Closest Crossing: 10th Street
Address or Location: 1340 T Street
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph)  Direction (%)
02/08/96 08:03 am 00:12 54 575 522 64.79 354 cam n/a 74
02/08/96 08:04 am 00:12 518 55 497 6259 354 cam n/a 74
02/08/96 08:05 am 00:11 518 528 511 6221 354 cam n/a 74
02/08/96 08:07 am 00:11 503 543 487 6071 354 cam n/a 74
02/08/96 08:07 am 00:12 507 539 481 6149 354 cam n/a 74
02/08/96 08:08 am 00:13 479 486 47 59.04 354 cam n/a 74
Average 51.08 53.68 49.47 61.81
Standard Deviation 202 294 194 1.93
Acoustical Measurementsfor Monitoring L ocation: 8
Closest Crossing: 10th Street
Address or Location: Gardner Park
Land Use: Park
Date Time Duration Leg Lmax Lmin SEL Temp (F) Wind Wind  Humidity
(mph) Direction (%)
02/08/96 08:03 am 00:07 544 578 51.862.85 354 cam n/a 74
02/08/96 08:05 am 00:11 534 54 51.7 63.81 354 cam n/a 74
02/08/96 08:07 am 00:10 535 554 522 635 354 cam n/a 74
02/08/96 08:08 am 00:13 539 553 51.165.04 354 cam n/a 74
02/08/96 08:09 am 00:11 543 551 5356471 354 cam n/a 74
Average 53.90 55.52 52.06 63.98
Standard Deviation 045 139 0.90 0.89
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Acoustical Measurementsfor Monitoring L ocation: 9

Closest Crossing: 10th Street
Address or Location: 100 feet from 10th Street Crossing

Land Use:
Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)
02/07/96 08:03 am 00:11 876 885 842 9801 354 cam n/a 74
02/07/96 08:04 am 00:09 878 894 868 9734 354 cam n/a 74
02/07/96 08:05 am 00:11 869 879 825 9731 354 cam n/a 74
02/07/96 08:07 am 00:11 878 883 846 9821 354 cam n/a 74
02/07/96 08:07 am 00:10 874 884 867 974 354 cam n/a 74
02/07/96 08:08 am 00:11 88 889 859 9841 354 cam n/a 74
02/07/96 08:09 am 00:21 88 89.2 855 101.23 354 cam n/a 74
Average 87.64 88.66 85.17 98.27
Standard Deviation 039 053 153 138
Acoustical M easurementsfor Monitoring L ocation: 10
Closest Crossing: 7th Street
Address or Location: 100 feet from 7th Street Crossing
Land Use:
Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph)  Direction (%)
02/07/96  09:38 am 00:23 839 867 674 839 55.2 8-12 SW 47
02/07/96 09:40 am 00:12 824 839 721 932 55.2 8-12 SW 47
02/07/96 09:41 am 00:12 82 843 658 9238 55.2 8-12 SW 47
02/07/96 09:42 am 00:11 829 846 685 933 55.2 8-12 SW 47
02/07/96 09:43 am 00:13 816 833 69 927 55.2 8-12 SW 47
02/07/96 09:44 am 00:13 824 841 706 934 55.2 8-12 SW 47
02/07/96 09:46 am 00:12 822 837 625 93 55.2 8-12 SW 47
02/07/96 09:47 am 00:12 831 847 76 938 55.2 8-12 SW 47
02/07/96 09:49 am 00:11 829 848 755 933 55.2 8-12 SW 47
02/07/96 09:51 am 00:08 877 885 855 96.8 55.2 8-12 SW 47
Average ” ” 7?9262
Standard Deviation 174 157 649 311
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Acoustical Measurementsfor Monitoring Location: 11

Closest Crossing: 7th Street

Address or Location: 9th and R Street
Land Use: School

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)
02/07/96 09:41 am 00:12  49.7 513 492 6049 552 8-12 SW 74
02/07/96 09:44 am 00:11 517 537 503 6211 552 8-12 SW 74
02/07/96 09:46 am 00:14 505 539 484 6196 552 8-12 SW 74
02/07/96 09:49 am 00:02 509 519 497 5391 552 8-12 SW 74
02/07/96 09:51 am 00:11 52 532 506 6241 552 8-12 SW 74
11/07/95 08:59 am 00:06 516 526 51 594 42.8 0 n/a 63
11/07/95  09:00 am 00:14 494 50 485 60.8 42.8 0 n/a 63
02/08/96 08:09 am 00:13 497 522 483 60.84 354 cam n/a 74
Average 50.69 52.35 49.50 60.24
Standard Deviation 102 130 106 274
Acoustical Measurementsfor Monitoring L ocation: 12
Closest Crossing: 7th Street
Address or Location: 500 P Street
Land Use: Residential
Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)
02/07/96  09:40 am 00:13 516 585 46.1 627 55.2 8-12 SW 74
02/07/96 09:42 am 00:13 491 517 449 602 55.2 8-12 SW 74
02/07/96 09:43 am 00:14 499 54 441 613 55.2 8-12 SW 74
02/07/96 09:46 am 00:14 52 55 453 635 55.2 8-12 SW 74
02/07/96 09:49 am 00:13 493 528 452 604 55.2 8-12 SW 74
02/07/96 09:51 am 00:12 526 556 504 634 55.2 8-12 SW 74
11/08/95  09:00 am 00:08 50.8 52.7 47.7 625 42.8 0 n/a 63
11/08/95 09:01 am 00:09 51.3 593 489 636 42.8 0 n/a 63
Average 50.83 54.95 46.58 62.20
Standard Deviation 128 275 220 139
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Acoustical Measurementsfor Monitoring Location: 13

Closest Crossing: 7th Street
Address or Location: 6th and O Street
Land Use: School

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity

(mph) Direction (%)
11/07/95  09:00 am 00:19 52 547 498 6438 42.8 0 n/a 63
Average 52.00 54.70 49.80 64.80

Acoustical Measurementsfor Monitoring Location: 14

Closest Crossing: 7th Street
Address or Location: 1325 8th Street
Land Use: Residentid

Date Time Duration Leq Lmax Lmin SEL Temp(F) Wind Wind Humidity
(mph) Direction (%)
02/07/96 09:40 am 00:15 536 59 473 6536 552 8-12 SW 74
02/07/96 09:41 am 00:14 517 594 454 6316 552 8-12 SW 74
02/07/96 09:43 am 00:13 522 589 478 6334 552 8-12 SW 74
02/07/96 09:44 am 00:12 515 543 495 6229 552 8-12 SW 74
02/07/96 09:46 am 00:16 495 558 464 6154 552 8-12 SW 74
02/07/96  09:49 am 00:11 524 541 491 6281 552 8-12 SW 74
02/07/96 09:51 am 00:12 52 554 479 6279 552 8-12 SW 74
11/08/95 09:00 am 00:08 534 556 489 624 42.8 0 n/a 63
11/08/95 09:01 am 00:09 496 513 476 59.1 42.8 0 n/a 63
Average 51.77 5598 47.77 62.53
Standard Deviation 144 270 131 166
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