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““Executive Summary

Evaluation of an Automated Horn Warning System at
‘Three Highway-Raiiroad Grade Crossings in Amss, lowa

By Steve J. Gent, Scott Logan and David Evans

In September of 1988, the city of Ames, lowa (popuigtion 48,000) began operation
of three automated horm waming systems. These systerms were installed after
nearby residents repeatedly expressed their concems over the disturbance created
by the loud ‘fram homs.

Traditionally, locomotive engineers begin sounding the train horn approximately
1/4 mile from the crossing to wam motorists and pedestrians approaching the
intersection. To be heard over this distance, the train hom must be very loud. This
combination of loud homns, and the length ajong the tracks that the hom is
sounded, creates a large area adversely impacted by the hom noise.
Unfortunately, in urban areas, this area likely includes many nearby residents.

The automated horn system provides a similar audible wamning o motorists and
pedestrians by using two stationary horns mounted at the crassing.” Each horn
directs its sound toward the approaching roadway. The horn system s activated
using the same frack signal circuitry as the gate arms and bells located at the
crossing. Once the hon Is activated, a strobe light begins flashing to inform the
jocomotive engineer that the hom is working. If the strobe light is not flashing; or
the locomotive engineer has a reason for concemn regarding safety at the crossing,
the engineer simply sounds the train hom. .

The purpese of this ressarch was fwofold: 1.) determine the effeciiveness of the
autornated homn system in reducing the annoyance level for nearby residents; and
2.) determine the overall safety at the crossings with the new automated hom
waming system. The research included collecting homn volume data to develop -
noise ievel contour mapsusing before-and-after surveys to document opinions of
nearby residents and motorists, and a survey of locomotive engineers to document
their perception of the new systems. The jollowmg paragraphs summarize the —
information collected during the study.

Hom volums readings were coliected on a grid pattern and nolse level contour

maps were develaped for the train homs and automated horn system. Use ofthe
automated horn system reduced the area with noise levels greater than 80 dBA by
87 percent, from 171 acres using the train horns to less than six acres using the
automated horm system. (Forreference, a person shouting from a distance of
three fest wouid produce a decibel reading of approxirnately 78 dBA.) The contour
maps (shown on page 6) give a visual representation of the fand areas impacted
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by the two warning sysiems. When reviewing the contour maps, neiz that 2 typicel
person wouid perceive 2 10 dBA incresase as a doubli ir*g of loudness.”

R
e

e “

”3 The res;dents overwhelmingly accepted the automated hom system and
S appreciated the city siaff for attending to their needs. In the before condition, 77
£ percant of the residents indicated the train -homs had either a “negative” or “very

By
“EREA

negative” impact on their quaiity of fiie, compared to only 2 percent in the after

—“icondition. Regarding horn volume, 76 percent feft:the frain horn volume was *too
loud” as campared to the after condition where 82 percmt indicated that the
automated hom volume was “no problem™. o~

- T
oo ﬁg&’éi B

When the motorisis wers asked which systern they preferred, 78 percent preferrad
the autornated horn system, 8 percent preferred the train homs and 14 percent had
no opinion. Their responses aiso indicated that each of the warning devices {(gates,
flashing lights and train/automated horns) located at the crossings provide a vaiue-
added safely benefit.

Ninety-two percent of the {rain engineers rated the overall safety at the crossings
with the agtomated warning system fo be “about the same” or “safer,” compared to
the before {train hom) condition. Seventy three percent of the engineers admitied
to biowing the train hom at least once at the subiect crossings after the automated
homs had been installed. The two primary reasons stated for biowing the frain
homs were: 1.) concem related to motorist or pedestrian behavior at the crossing;
and 2.} old habits are hard to break.

{n surnmary: 1.} for nearby residerts, the a&ﬁomat@d homn sysiemn greatly reduces
the negative impacts resulting from the loud train homns; 2.) the auvtomated homs
are well accepted by both motorists and locomotive engzneers and 3.) the
aulomated systerm appears o provids an equivalent leve of sa%"aty at the
crossings.

3
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introduction

in September of 1998, the city of Ames, lowa (pepuiation 48,000) began operation
of thrae automated hom warring systemns locaied at the North Dakota Avenue,
Scholl Road and Haze! Avenue crossings. The sysilems were insialled at thres
~z.crossings in the western and central paris of the city. Each of these crossings was
“already equipped with automatic flashing fight signais with gate arms and constant
waming fime circuitry. By installing the new waming systems the city was hoping
o improve the guality of life for the residents living near the crossings by reducing
the volume of the train waming. Many residents had complained about the loud
main homs and how adversely they had affected their lives. Currently about 60
irains par day pass through Ames, and this number is expected 1o increase to
around 100 trains per day within five vears.

The purpose of this research was twofold: 1.) determine the effectiveness of the
automated hom system in reducing the anmyame level for nearby residents; and
2.) determine the overall safety at the crossings with the new automated hom
warning system. The research included the following four inftiatives.

Hom Volume Data - Noise level readings were collected before and after the
auiomated hom systems were installed. This data was used {o develop noise
contour maps showing the maximum noise levels at vancus locations near &
Crossing.

Resident Survey - A written pubiic opinion survey was developed and disiributed {o
approximately 1000 residents fiving near the crossings. The residents were given
the surveys before and after the automated hom system were instalied.

Motorist Survey - Molorists waiting Tor stoppad trains were asked several gusstions
to determine their opinions regarding the frain hom and the auimrnatw'{i hom
system. . )

Locornotive Enginesr Survey - Twenty-six locomotive engineers complsted a
written questionnaire regarding the automated homn system.

The cify of Ames was only the third community to install an avtornated hom -

- warming system, with the other locations being Gering, Nebraska and Parsons,-

Kansas. All of the systems were designed by, and parchased from, Merrill-
Anderson of Raliroad Consulting Services Inc. The ity is currently negotiating
with the Union Pacific Railroad on outfiting other crossings with the new
automated hom systems. Int its current agreement with the Union Pacific, the city
is responsible for the purchase, nstallation, mainteriance, and slectrical power
needed for the automated hom system. The agreement aiso siates thatthe city is
fiable if an accident can be fraced to one of the homns. Each system costs
approximately $20,000 per crossing, not including instaltation.
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Horn Volume Datz Coilection

As illusirated by the noise decibel contour maps (F;gares 1 & 2) on the next page,
the land ares affected by the two types of audible warning systnms at the same
crossing is vasily different. The autormated hormn system not only reduces the land

_. area adversely affected by the iouder frain horns, it aiso reduces the maxdimum
' Zzdecibel reading (hom volume) at all locafions including properties in-ine with, or in

the path of the automated hom systemn. Table 1 shows quantiizfively the land
arsas afiected by the two types of audible warning systems.

Saund Lavel Train Hom AHS Hom - | Reduction
{ dBA) Area (acres) Araa (acres)
>70. 285 37 BE%
> 80 174 5 8T%
>80 31 < OR%
Table 1

The contour maps represent the maximum volume obtained by the audibie
systems during the waming period. Figure 1 shows the noise contours for & {rain
using the traditional train hom system and travelling in the westbound {right to i=ff)
direction. Figure 2 shows the miaximum automated hom system volumes are
being detected off the roadway, which would indicate that the automated hams
need to be realigned.

After conduciing this part of the study, it became apparent that two additional
issues related to hom volusne should be addressed thiough a future research
project. The issues are: 1.) what horn decibel volume is required to adequa‘tely
warn an approaching motorist; and 2.) at what distance from the crossing does that
volume need o be provided? To give a reference fo the first question, some
typical decibel r&&aﬁtngs are iisted beicw

Food blender at 3 fest  ~~ 8? dBA
rFerson shouiing at 3 fest 78 dBA
(Gas iawn Mower at 100 fest 70 dBA -
Normalspeech at 3 feat 85 dBA

When assessing the relafive loudness of a given decibel level, It is helpfui 1o
understand the relationship between these two terme. The above typical decibel
ievels, and the following excerpt, were taken from the 1887 AASHTO Guide on
Evaluation and Attenuation of Traffic Noise publication. It states, "An increase of
10 dBA in sound ievel will nearly double the loudness as rated subjectively by
typical chservers.. A.decrease of 10 dBA will appear to an observer {o be 2 halving
of the apparent loudness. For exampile, a noise of 70 dBA will sound only half as
ioud as 80 dBA, assuming the same frequency mmposmon and other things being

equal.”
5
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The issue refated to disiance may be approached by iooking at Table 1I-1, A Guide
for Advance Warning Sign Placement Distances found in' the Manual on Uniform
Traffic Control Devices. This table gives a minimum sign piacement distance of
450 feet for & "STOP AHEAD” sign on 2 55 mph roadway. The distance is 300 fest

=z for 45 mph roadways and 150 feet for 35 mph roadways. These distances provide
- adequate time for the driver to perceive, identify, decide and perform the

necessary maneuver, For highway-raiiraad intersections, these minimum
distances present & reasonahle starting poirtt for the 8stablishment of 2
requirement for an audible waming distance.’

The noise level readings were taken using a Bruel & Kjaer, Model 2231, Type 1
Sound Level Meter. All readings were taken in the northeast quadrant of the Norih
Dakota Avenue crossing and transferred o other quadrants to dsvelop the contour
maps. This guadrant provided a reasonably flat and open temain with the
approaching fracks being perpendicular to North Dakota Avenue. Two noiss
decibel readings were taken at the data collection stations in the before (train
homs) and after (automated hom system) conditions. For the train homs, one
reading was taken for an eastbound train and one reading was taken fora
westbound train.

To lock at the vaniabiiity in train hom volumes, from one frain to ancther, 12
readings were collected on North Dakota Avenue 250 fest from the fracks, The
twelve readings averaged 95.5 dBA, with a low of 30.6 dBA, a high of 102.8 dBA
and a standard deviation of 3.63.
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Resident Survey

g -

Survey questicnnaires were distributed to all residents livifig within an area located
1,800 feet perpendicular to the tracks and 1500 Teet icngitudinal (each way) from
_.the crossings. Surveys were disiributed approximately ftwoe months befors and two -
“*months after the automated hom sysiems were instalied. The responses were
overwhelmingly positive regarding the automated hom sysiem. Graph 1 shows the
~before condition where 77 percent of the residents indieatad the train homs had
either a “negative” or “very negative” impact.on their quality of liie, compared o
| only 3 percent in the after condition, '

- g AP

it
Pars

. } Queston: As a resident, how would you rate the impact of the brain homn
(or automated horn) sounds on your quality of life?
80%
70% ‘ §7%
£ 60% -
§ 50% |
£ 40% 40* 37%h .
o
o
T 30% : L]
& 20% 22%
£ 20% -
o
10% 8% i n
1% 1% |, 2%
0% , : - ; e |
Very Negative Negative " No Effect Positive Vary Fczsxfzve
: Impact of Horn on Residents' Quality of fife
% B Train Homs o Attonmated Hom, Svstem
i ’ Graph 1 )
3 At the end of each survey, the residents were solicited fo write additional
comiments on the back of the form. Over half of the 550 retumed surveys
n . {approximately 1000 total surveys distributed) provided comments. The following
1 examples provide a good cross-section of the 1esues and observations isted by the
residents. -
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Before condifion {firain homs}:

| understand the need for irains to make noise af fntersscz;cf;s o makes their

i ,& ) presence known fo avoid accidents — but | don’f appreciate the ﬁng:heem who
& feel the need to blow the hom for the erttire length of their irip. | Tesl that is

# - unneeded, especially at 3 a.m. when there is nobody out on the roacs anyway!
g ' The train whistles are way too loud and long in my estimation. If I'm on the

. phone or listening fo the TV, the Joud whistles are especially annoying. Also
o " mysleep is often inferrupted many times. during the night because of the joud
. whistles. It would be very much appreciated ¥ the noise could be greaily
soffened and still keep the crossing safe. :

I/t is essential to have adeguate waming of approaching trains, however, the
| existing irain whistles seem unnecessarily long and loud. | think a town the
size of Ames with so many railroad crossings should be looking at buiiding
| more overpasses, which would provide for more safety, convenience, and
' would aliow the trains to be more quist.

After condition (autornated horn system):

instaliation of the aufornated horm system was a very positive step. There is an
occasional train operator that stilf uses the train-mounied horm fo make a
statement as he/she passes through our neighborhood. This just reminds us of

. how much better the noise level is a majorfty of the ime. Thank you for
continuing to support our nﬁ:ghborhﬁod in its efforts to improve the guality of life
of the residents.

| have lived in this neighbarhaod nearly my entirs iffe. | thought | was used fo
the frain noise. However, with the many trains that go through now, and with
the noisy horns, it was affecting my lifestyle. These new atifomated homns are
great and | rsally appreciate their installation. | used to waorry when | had
overnight company that they would be kept awake by the noise, and often they
ware. Now they arsr't-thank you.

¥

Thank you very much for your work on this. It has been a great improvement =]
am reluctant fo say it is 100% solved since i is winter and our house windows
are alf closed. | don’t know how it will feel i the summer. | live about 150 .
yards from the crossing at an angle, and can just hear the homs inside fhe
house with the windows closed. But | can now choose fo ignore them and
continue my phone conversations. This is a major improvement.




The comments received isave [itte question as fo how appreciative the residents
were of ihe automated hom system. To determine if the perpendicular distancs
from the tracks affecied the survey responses, the distribuied surveys were
differentiated between the residenis living within 500 feet of the tracks, and the
residents living between 500 and 1,000 feet of the tracks. The residents living
Zeloser to the fracks were slightly more “extreme” in their survey responses,
However, the residents living further from the tracks shared the same concems
regarding the train homs and shared the same posifive responses regarding the
duiomated homs. Residents |iving further than 1,000 Teet were not included inthe

survey. A

Graph 2 shows the resident's rating of the before and afier hom volume. In
general, they felt the train homs were too loud, and the automated homs were not

a problem.

Question: As a nearby reSiient, fiow would you rate the train horn noise
at the crossing?

50% T Bo04 :
BO% 76%

70%

80%

0%

£0%

30% -

20%

Parcentaye of Respondents

4, gt .
10% e e 4O ; ENRR
0% .

J

Too Soft Soff ..  No Problem - Loid Too Loud

m Train Homns mjAutomated Hom Systam! L

Graph 2

The survey also showed that residents were more disturbed by the frain homs at
night, compared to the davtime condiiion. Graph 3 shows the daytime vs.
nighttime impact during the before condition. Graph 4 shows the daylime vs.
nighttime impact during the after condition. These graphs also reconfirm the
accaptance of the new system by the residents.

10
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Luesion: How do you rate the impact of ihe train hom sounds sl the
crossing during the day {night]?
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Graph 3

Guestion: How do you rate the impact of the auvtomated horn sounds al
the crossing during the day {night)¥

78%
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+ “ 13, N
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Graph 4
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Motorist Survey

The motorists surveved at the crossings generally iked the suiomated hom system
- and preferred this new system over the frain horns. However, they did not feel as
zastrong as the residents about the nead to reduce the volume of the train homs,

Graph 5 shows the results of the guestion, "What device first aierted you of the on
corfing train? The mix of responses indicates that edch of the various waming
devices (gates, flashing lights, hom, etc.) located at the crossings provides a
value-added safety benefit.

Questior: What device Frst alerted you of the on Soming frain?

24

B R 8

—
o

Humber of Regpondents
—
th

b

Fashing Hom ©  Belendorof Combirafion © Other - N/A
Lighes ’ other cars

Waming Device Noticed First by Motorists

Pt Gréph &

Graph § shows the motorist opinion of the hom volume in the before (irain hom)
and after (automated hom waming system) situations. In both cases the majority
of motorist feit the voiume should be ieft s is. 1t should be noted that some of the
surveyed muotorists were aiso residents living hear the' crossing. The number of
residents was not determined during the survey.,
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20%
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10%

Questian: The warning svstem voliave shoold be?

0% -

80%
T
58%
i8%
T%
Raised leffAsls

Lowered

Motorists’ Opinion of Homn Volume

& Train Homs  jAustomated Hom Sy&iamj

One hundred and five motorists were surveyed in the before condition and fifty-one
molorists were surveyed in the after condition. The affer survey was conducted

- BraphS

approximately one month after the automated warning system was installed.

Seventy five percent of the respondents indicated that they were aware that the.
attomated hom system had been installed. Graph 7 shows that 78 percent of the

maiorists preferred the autormaied hom system over the frain homs.

Humbsar of Respendents

Do you prefer the stabionary autnmated horn or the rain hom?

AHS T tm
Motorists' Horn Preference

~ No Opinion

Graph 7

13,
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Locomotive Engineer Survey

s %t

in general, the locomoiive enginee survey pmvaded positive responses regardlng
=zthe automated hom waming system. The enginesrs completed the surveys in April
~of 1999, which was seven months after the installation of the sutomated homns. A
{otal of 26 surveys were compieted.

e S

Some highlights from the surveys include:

s Nznatymtwo percent of the locomotive engineers rated the overall safety at the
crossings with the automated warning systern to be *about the same” or “safer”
as compared io the before (frain hom) condition

+« Only one locomotive engineer noted an increase in unsafe motorist behavior,
The other 25 (96 percent) did not observe an increase.

« Seventy-three percent of the engineers admitiad {o biowing the train hom at
least once at the subject crossings. There were two primary reasans stated for
blowing the train horns: 1.} concemn related to molorist or pedesinan behavior at
the crossing; and 2.) old habits are hard to break. Several enginesrs also
noted, “another frain passing through the irersection™ (double tracks) as a
reason for sounding the train hom. This latter reason occurs because the
automated hormn warning system s activaiad using the same circuitry as the
flashing light signais and gate arms. Therefore i does not reactivate the hom
{or sirobe ligh) when the other waming systems are active. The engineers are
responsible for ensuring that an audible warning ocours (either with the |
automated hom system or with the frain horn) every time they apprsach a
crossing. Because of this responsibility, they are forced to sound the irain hom
in this sifustion. Consideration should be given to redesigning the automated
homm systam so it can sndesanéenhy detect approaching trains on each set of
tracks, :

P

.

4 Fsiiswmg are (Graphs 8, 8, 10 and 11 sz";mwzng e responses to the locamotive
engineer survey guestions. - e
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Question: How would you ram the reitive safety of the ciwesing w:th the
Automated hom system as compared to the same crossing prior to the
insisliaticn of the new . system? |
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s
o
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Question: Have you obsarved an increase in unsafs matorist behavior at the
crossing with the automated horn systems?
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uestion: Have yous ever biswn the train's hom as yau aé‘pmanned B crossing
with the avtomated horm systems?
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Graph 10
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This resesarch project was initisied for the purpose of evaluating the effectivensss
of the autornated hom waming systems. This purpose was twofold: 1.) fo
determine the effectiveniess of the new system in reducing the annoyance levei for
~“=znearby residents; and 2.) to determine the overali safety at the crossings with the
aufornated systems,

The effectiveness of the autormatad hom in mducmg the annovance level for
nearby residents was addressed through the field collection of hom noise levals
and through the surveys of residents. The hom volume data that was collected
near the crossings clearly demonstrates the significant reduction of land ares
negatively impacted by using the autornated homs. In fact the autormated hom
sysiem reduced the arez with noise levels greater than 80 dBA by 87 percent, from
171 acres using the train homs to less than six acres using the automated hom
system. (For reference, @ person shoufing from a distance of three feet would
produce a decibel reading of approximately 78 dBA.) The residents
overwhelmingly accepted the automated hom system and appreciated the city staff
for attending 1o their needs. in the before condition, 77 percent of the residents
indicated the train-horns had efther a “negative” or “very negative” impact on their
quaiity of fife as compared to only 3 percent in the after condition. Regarding hom
volume, 76 percent felt the frain horn volume was “too lotd” as compared to the
after condition where 82 percent indicated that the autormated hom volume was "no
problem” :

Because the city of Ames is anly the third community to install automated homs, &
is impossible fo accurately determing the overall safsty of the crossings. Only after
mors systems are instalied can a study be conducted comparing the collision rates
of crossings with similar exposutes. Nonetheless, the motorist and locomotive
engineer surveys provided valuabie inpit into this issue, When the motorists were
-asked which sysiem they preferred, 78 percent preferred the automated hom
system, 8 percent preferred the train homns, and 14 percent had ne opinien. Their
responses aiso indicated that each of the' waming devices (gates, fiashing fights

and trainfautomated homgY located at the crossings provides a value-added safety
benefit. Twenty-thres percent of the locomofive enginesrs rated the crossings
“safer,” 69 percent rated them “about the same,"” and only 8 percent rated the . o=
crossings with the automated warming systams o be “less safe” as compared to -
the before {{rain hom) condition. .

in surmmary, the project found no evidence ta'suggast that the automated homs
are jess safe than the current practice of using train-mounted homs. The
automated hom system pmwdm the locomnotive engineer with the option of
sounding the train’s hom if unsafe behavior at the crossing is observed. This
option may. enhance the safety at the cressing because it provides an additional

17



level of waming. For pedeshana and bicyciists, the automated homs appear io
provide a beﬁ&r audible wamning because of the intense nature of the hom volume
during the early stages of the “.zvammg time. However, the automated homs de not
provide an indication as to the direction of the approaching train, which is one of
the reasons why these systems should oniy be considerad at locations already
equipped with aufomaltic flashing light signals with gate arms and cohstant waming

- “ime circuitry.  Other jurisdictions: considering these .systems may alse want fo use
other supplementary safety measures, such as median barriers.
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EXRCUTIVE SOMMARY

L3 Noise from the train hom is perceived by many residens living near erade crossings as highly
- ammoymg. Ratlroad operating Tules require iocomotive engmesss to sound the tam horm as they
& approach a highway-tailivad grads crossing. Locomotive enginesss begin sounding the hom

. approximately 1/4 mile from the highway-raiiroad grade crossing. This warning exposes & -
i .- segment of the Jocal commumity near the tracks te the sound of the train horn as well as motorists

= and pedestrians who may be approaching the grade crossing However, residents hvmo near the
grade crossing are not the imtended target o*' this auditory warning. -

One alternative that has been pr"pnssd by sotne to address the adverse effects of train horn noise
is a stationary horm mounted 2t the grade crossing. ‘The stationary horn, referred to here as a
wayside horn, is sounded in place of the train horn as the train approaches the grade crossmg
Previous research addressing wayside horas has examined whether the wayside horn is detectable
by moterists. Wayside horns evaluated in the past were less detectable than commonly used train
horns (Keller and Rickley, 1993).

Previous research on wayside horns centered on their acoustic characteristics. Safety and
community noise Impact was not addressed, leaving moportzmt questions unanswered. One critical
question that needs to be answered is whether the wayside horn reduces araoyance to the local
commmumity comparsd to a train-momated hom or whether & simply moves the area of mmpactto a
different part of the community? Another question ihat nesds to be answered is whether safety is
maintained when a wayside horn serves as the auditory warning in place of the train born? The
purpose of our research is to answer both these questions.

The current study evaluates the viability of the wayside horn as a Waming concept. Although the
study evaluated one parncular device in terms of is effectivencss in warning motorists and
miniizing commupity noise impact, the study is intended as a test of 2 class of auditory warnings
located at the grade crossing. To the extent other auditory warnmes are designed similarly,
comparable performance would be expected. '

The study compared the performance of train horms on Union Pacific locometves (Lesiie 3
chime) to a prototype wayside hormn For the current evaluation, two wayside horns were

' mounted on a utility pole with each hom directed toward oncoming maffic, at cach of three grade
crossings in Gering, Nebraska.

-Community Noise Impact

To evaluate the cormmunity noise fimpact of the Ways:de horn, two surveys were aummxsmd by
telephone. The first survey measured the pact of the train hom on community noise. The
scond survey measured the impact of the wayside horn on commumity notse. Darz from the two
& surveys were compared to evaluate the difference between the two warning deviges on
commmuity noise impact,
The wayside horn tested was considergbly less anmoying to survey respondents than the tram
. hom. The wayside horn reduced noise to levels that were more acceptabls to the commmmuty. The
wayside hom was less likely to interfere with-activities mside or outsids the homs and genemted
3 fewer actions to minimize the noise. The variable that best predmtad if someone was highly
annoyed was the frequency ‘with which the horn was heard. The greater the horn count, the mare
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EXECUTIVE SUMMARY

Likeely a resident was to be highly ammoyed. High amaovance level was also related 10 the activities

- wiich were ineriersd with. The relationship tetween aciivity imerfered with and high annoyancs

varied by time of day. During the day, imterference with conversation contributed 1o Figh
ammoyance. During the evening, mfs:encv with both conversation and readmg contributed 1o high
apnoyance. Fimally, dmnz the nigirt, only imterference with sleep camtributed to high annoyance.

Acounstic Analvsm

% The acopstic analysis was perfommed to dcc'.nncnr the soumd level and frequency content of the in-

service locomotive horn and the wayside hom being evaiuated for therr effects on driver safety and
commumity noise impact in Gering, Nebraska. In addition, the acoustic data collected was compared
to the cormmmity noise impact data collected from the survey of the Jocal residents to examine the
relationship betwesn noise level and annoyance. The objectives were met by conducting sound Jevel
measurements of both the locomotive 'ho_m and the wayside horn at fourtesn sites surroundig the
three prade crossings in Gering, NE.

At peak sound levels, the wayside horn was anpmxjmaxclv 13 dB quieter than the train horn. The
lower sommd level of the wayside hom compared to the train horn was a significant factor in
explaining why the wayside horn was perceived as less aumoying them the train horn. Unlike the
Twain horn, the wayside harn did not meeet the minimur sound level required of train horns. The
frequency distribution of the wayside horn was similar to the train homs measured in this study.

Forthe 14 sites where sound measurements were collected, the wayside horn had a negative
commumnity impact only during nighttime hours using guidelines developed by the Federal Transit
Administration (FTA). Cnly the sites defined as severe impact resulted in compmmity snnoyance
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 conirast, locations defined as
severe Impact for the train horn were located up to 1000 fest from the track. Clearly, the wayside
horn impacted residents over a smaller geographical area -

Evaluation of Driver Rehavior

The use of an alternative warning device to the train borp must also provide an effsctive warnmg
to the motorist, if accidents are to be prevemied. The primary objective of the driver behavior
evaluation was to assess the safety of the wayside hom. To megt this objective, we observed
driver behavior at the grade crossing for both the tram 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 wavsxdﬁ hom Wi}] not result in behavior that muts the
driver at increased risk commared to the wse of the frain horti The frequency of violations was
lower for the wayside hom than the train horn, while the time w collision and violation time was
Dot staxistically or practically different for eitfier waming system.

In both the train horn and waymde hom conditions, driver behavior was aﬂtermmed m part by the
presence of the gmes. To the extent that gate behavior controls motorist behavior, differences
between the two waming devices may have been masked. Data from Richards et al’s (1991) study
on optimal waming times indicate that as the tme delay increases berween when the warning is
inittated and the gates completely descend, motorists are more likely o continue through the
grade crossing without stopping. The gate descent time in this study was relatively short (10 s).
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"EXECUTIVE SUMMARY

This shart descant tme may have reduced the overall viclation mate camnmmétefrmc CIDSSIgS
wﬁhlungwﬁssmms

Impiamentauun Issnes

The current stdy did nof set ouf 16 svahiate how the wayside homn showdd be implemerted to
magimize safety while mintmizing compunity noise impact. Hevertheless, a variety of
implementation issues will impact safety at the grade crossing as well 28 commmunity noise. Some

= of these issues were identified, aiong with issues they rzise and poremtial schrtions. These issues

meioded method of activation, hardware design and standardization.

Two methods of activation were identified: track circaitry and suginesr activated. There are
tradeofTs thir must be considered in selecting either method. The engineer activated method has
not been subjected to evahztion in tevenue servics, but remains a promising approach.
Activation by wack circuitry, with constant WaIning tHimes, is a viable sporoach i the track

sireityy is teliable. Assuming the irack circuitzy is reliable, the oppormmity to use this method
will depend upon the avaiiability of grade crossings with constany waming track cireurtry,
Currently, constant warning time track circuits are available at only 2 small percentage (13%) of
the grade crossings protested by active warning systerns, Although the auditory waming could
also be activated by fixed block track cirenits, this approach is problemnatic. As the time between
activation of the waming device and the actual presence of the train increases, motonsts are less
ltkely to heed the warning.

The current evaluadon also identified several design and maintenance Issues reiamﬁ to the wayside
horn evahuated for this test. Exposure of the elements immpaired the performance of several
hardware componemts. The components of the wayside horn must be designed to withstand the
extremes of weather found fu the United States, The system also needs to be designed 1o
facilitate sase of maintenance. Important design featnres that contribute to ease of maintenance
inchade: mintmizing the nuraber of components, using moedular components that are easy 1o
replace, and desigring the housing to facilitate ease-of-access.

As demonstrated by the annoyance measures in the two surveys and the driver behavior datz, the

wayside hormn shows promuse as a warame devics that can Teduce COTIutY N0iSs IHpEct
without adverselv affecting safery. However, there are still important gusstions that nesd 1o be
answered before implementing this device as a substitute for the train horn.  The mmplemenmnon
issues indicate the nead for clagfvine how the activation method will impact saferv x the grade
crossing. The weyside bors also peeds 1o be evaluated at ofher locations to confirm the banefie
of rzduced community noiss impact and 10 insurs that driver saferv is pot compromised. Finally,
an answer IS also neesded to the guestion of what an appropriate sound level is 1o meintain safery
while mmimizine community NOise mpact. Unill these guestions are answered, the wayside hom
is pot recommended 25 & substite for the train horm at highway-raitroad grade crossings,
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Agrasment Number

THIS AGREEMENT, is made and entered into this 3075 day of g
~tg 9. by and between UNION PAGIFIC RALROAD COMPANY, 2 Delaware cﬁoraﬁc&ﬁ
{hereinafier the "Railroad™ and the CITY OF AMES, 3 municipal corporation of the State
of lowa {ﬁeramafter the "City™), WITNESSETH:~

EC!TALS

v

The Clty has requested the Rallroad to participate in the cosi of
installation of an Automated Horn System (herginafter "AHS") at the
locations described in Exhibit A, hereto attached and hereby made g part
hereof, as such locations are located on the Railroad's Boone Subdivision
in Ames, lowa, to which the Raiiroad is agresable, but solely upon the terms
and conditions hereinafter set forth. '

AGREEMENT:

NOW, THEREFORE, in consideration of the premises and of the promises
and conditions hereinaiter set forth, the paries herato agree as follows:

1. The City agrees to provide and install, al its sole cost and expense, the uility
poles, the AHS and power supply for each instaliation.

2. The Railroad, at its expense, shall provide the electrical connection from the
crossing signal conirof systems to achvate the AHS at each msﬁiianon and coopearaie with
the City in the testing of these sysfems.

3. The City, at its expense, will own and maintain the AHS at sach iscation and
will be sofely responsible for ensuring tha refiable operation of each system and-preventing
any maifunctions. - :

4. The C:ty has. remasted ‘that *i:he Raﬂmad not sound its tocomotive horns
when its engineers observe the activated strobe fight, and the Raiiroad agreés fo mmpiy,
with such request, provided that City indernnifies and insures Railroad with respect thereto -
as provided in this Agreement; and provided further that Raiiroad shall have the free and
unrestrained right to resume sounding its locomotive horns under either of two conditions;
1) when vehiclas, pedestrians, or animals are visibly present and in immediate peril; or 2)
if the Railroad and City mistually agree to resume sounding the train horns to enhance and
pratect the public's safety. If the consent of any other governmental entity is required for
Railrcad’s compfiance with this Agreement, the City agr%s o abtain such cansent at its
sale cost and expense. | :

AL AWADME AICIMAMESAHS WPD




5. The City shall indemnify, defend and hold the Rziiroad harmisss fom an
against alt claims, acions, fines, costs, liabifity and expense whatsoever (ncluding, wzt‘zcuﬁ
imitation, aftomeys’ fees, court costs and expensas) afising out of (g) the existence of the
AHS, (b) the Railrbad's compliance with the terms of this Agreement, (c) the Ciy's
noncompliance with the terms of this Agreement, or (d} any act or omission of the Gity, its
€antractors, agents and/or ermployees, that causes or.contributes to (1) any damage to or
destruction of any property {i nc!uéirlg, without limitation, property of the Railroad), {2) any

injury fo or death of any person (inciuding, without mitation, employees of the Faﬂmq{;{z

or (3} any claim or cause of action for alleged loss of profifs or revenue, or oss of sarvice,
including the negligence of the Railroad, its ofﬁcars agents and emplovees, whether sple
or partial, passive or active, direct or imputed. .

8. As provided in this Agresment, the City shall not be llabie to the Railread on
account of any failure of the AHS to operate properiy nor shall the Raiiroad have or be
entitled to maintain any action against the City arising from any faiiure from the AHS to
operate properly. The Railroad shall not be kiable to the City on account of any faiiure of
the AHS to operate properiy nor shall the City have or be entitied to maintain any action
against the Railroad arising {rom any failure of the AHS to operate properly. The City
expressly walves its sovereign and governmental immunily, and any statutory limitation on
its liability, to the extent necessary for the enforcement of this Agreement, and agrees that
it will not assert any defense of sovereign or gevernmental immunity or imitation of hability
in response 1o a claim by Railroad under this Agresment; provided, however, that nothing
contained in this Paragraph shall inure o the benefit of, or be enforceabie by, any third

party.

7. If 2t any fime any work needs to be performed on Rallroad's property by the
City's contractor(s) or their subeontractor(s); the City shali require its contractor, or a
subcontractor, © execute the Ratircad's form Coritractor's Righif of Entry Agreement which
is aftached hereto as Exhibit B. The Clty acknowledges receipt of & copy of the
Contracior's Right of Entry Agreement and understanding of its terms, provisions, and
requiraments, and will inform Hs . contractor(s) of the nead for them and their
subcontractor's to execute the Agreement . Under no circumstances will City's
contractor(s) or their subcontractors be altowed onto the Railroad's prspevy without first
executing the Ccnts‘a...tm;‘ s ?ﬁmht of Entry Agresment. '

g. Before any werk begmst each of City's contracinrs/subcontractors willprovide
the Hailroad with a ceriificate {ssued by thelr respective insurance carrier providing the -
insurance.coverage reguired pursuant to Exhibit A-1 of the Contractor's Right of Entry
Agreement, in a pciicy :;{intainir}g the following endorsement: |

“Union Pacific Railroad Company is mamed as additional insured with

‘respett to all fabiiifies arising out of Insured's performance of work related
to the installation of the automated hom systems in Ames, lowa

WWWWWWD 2
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”'"";e City WAHRAN‘"S that this agreament has been thoroughiy reviewed by its insuranes
ageni(s)/brekerf's) and that said agent(s)/broker(s) has been instucted o ormours
insurance coverage and an ﬂndcrsamem as requirad herem

L

g All insurance {:srrespcndenc\, shall be directad to Union Pacific Railrozad

’ mn;sany, Aftn: Murray Nelson, 802 Story Qtraat Bocma lowz 50036.

10.  The Cily, for itself and for ils successors aﬁd assigns, hersby waives any
right of assessment against the Raiiroad, as an ad;ac:ﬂni property aowner, for any and al
improvements made under this Agraement.

11.  Covenants hersin shall inure to or bind each party's successors and assigns;
provided, no right of the City shall be transferred or assigned, either voiuntardly or
invoiuntarily, except by express wiitten agresment accepiable to the Bailrcad.

12.  The City shall, when retuming this agreement to the Railroad (signed), cause
same to be accompanied by such Order, Resolution or Ordinance of the governing body
of the City, passed and approved as by law prescribed, and duly certified, evidencing the
authority of the person execuling this agreement on behalff of the City with the power so
to do, and which also will certity that funds have been appropriated and are available for
the payment of any sums herein agresd to be paid by the Clty.

IN WITNESS WHEREQOF, the parties hereic have duly executsd this
Agreament as of the date and year first hereinabove written.

LINION PACHIC RAILROAD COMPANY,

W ‘QZ:;}&[IM«
. T2
’ _ : i{tfe CHIEE '“51{_;:{;&[&“;%

- CiTY OF AMES,
gy ﬁ ﬁw)

Pursuant to Rem!&ﬁonfdrﬁer dated
Taly 30 _ , 19gp |
hereto attached.
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© LIST OF AHS LOCATIONS IN AMES. IOWA

Hazel Avenue
DOT No. 180708U
MP 189.41, Boone Sub

Scholl Road
DOT No. 180711R
MP 181 @G, Boone Sub

North Dzkota Avenue
DOT No. 180712X
MP 1582.23, Boons Sub
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TONTRACTORS ROE 980295
Form Apmrovel, A VP-Law

EXHIEITE
CONTRACTOR'S :
KIGHT OF ENTRY AGREEMENT
THIS AGREEMENT is made and entered into a5 of the T dayof . 199
by and between UNION PACIFIC BAILROAD COB@AEY a Delaware corporation (hersnafter referred to as te
"Radiroad"}; .

3y -

snd .
corporation (hereinafter referred so as the "Contractor™).

RELCITALS:
Commracior has been hired by {hereinatier ™ ™} to perform work
relating to
{the "Waork™), parally locared on property of
Railroud in the vicinity of : I, witich Work is the subjectof 3
Contract dated berwesn Raflroad and i ‘ ]

Contractor has requested Railroad to permit kit to perfonm the work on Railroad property, and Railroad is agreeable’
thereto, subject to the following tenms and conditons.

AGREEMENT:

NOW, THEREFORE, it is mummaily agresd by and between the Ratiroad and Contracior, as follows:

ARTICLE | - DEFINITION OF CONTRACTOR

For purposes of this agresment, all refesmness in this apresment 1o the Contractor shall include the Conmactor's
coBTactors, subcontrackors, offivers, ageats and coployses, and others acting ender its ot their authority.

ARTICLE 2 - m&mw

The Radiroad hereby grants to the &mt:amr the ngixt, -during the term hercinafier stated and upon and subjest
o cach and 28 of the wrrms, pmvmmandmndmnushmmmmmed, to enter uporn and bave mgress o and ogress
from the propexty described in the Recitals for the purpose of performing zny wock descrbed in the Recitals above. The
right herein granted 1o Contractar is &mited to those partions of Raflroad's property specifically described hcmm, ot 2s

u:sm:dbyﬁmkzﬂmad}{mcmdmm=4 . -

ARTICLES - TERMS AND CONDITIONS CONTAINED [N EXFIEITS A AND -]

Mmmandccn&mmsmmmmmthmsﬁ,anﬁﬁ. 1 attached hersto, are hersby made 2 paxt of this

The Contactor shall bear any and ali costs and expenses mmdmﬁxanywur:pm'fm&ibythc
Contractor, or any costs ar expenses incurred by the Raflroad relating 1o this agresment. All work performed by

Contractor an Raiimad's praperty shall be performed in 2 manmer satisfastory to the Rajirdad's
ar his apthiorized represcutative (‘mmzaﬁ:cr the "Railroad Reproscatative ™)

idenrified below:



