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FOREWORD'

This report documents the methodology and results of the field evaluation of a
research project aimed at improving railroad-highway grade crossing safety by
applying innovative active warning devices. The investigation evaluated three
innovative warning systems: (1) 4-quadrant gates with skirts, (2) highway
traffic signals with strobes, and (3) 4-quadrant flashing lights with over-
head strobes. The 4-quadrant gates with skirts eliminated all violations at
the test crossing by physically blocking the railroad tracks from highway
traffic. With conventional 2-quadrant gates, 1 or more vehicles drove around
the closed gates during 84 out of every 100 train arrivals. Fewer 10-second
crossings and violations occurred with the highway traffic signals than the
flashing light signals. While the observed violations were greatly reduced
with the highway traffic signals, they were higher than intersection use and
are a cause for general concern. No traffic signal violation problems, how-
ever, were found at nearby intersections. The 4-quadrant flashing light
signals with overhead strobes did not produce measurable improvements in safety
compared to the "before" 2-quadrant flashing light signals at the test crossing.
The study found predictors, which provide constant warning times of train
arrivals, had a positive effect on motorist behavior at the crossing.

Sufficient copies of the report are being distributed to provide one copy to
each Regional office, Division office, and State highway agency. Direct
distribution is being made to the Division offices. Additional copies are
available from the National Technical Information Service (NTIS), U.S.
Department of Commerce, 5285 Port Royal Road, Springfield, Virginia 22161.

2RIz

R. J. Betsold
Director, Office of Safety and Traffic
Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the views of the author, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily reflect
the official policy of the Department of Transportation. This report does not
constitute a standard, specification, or regulation.

The United States Government dces not endorse products or manufacturers. Trade
or manufacturers’' names appear herein only because they are considered essential
to the object of this document.
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I. INTRODUCTION

During the 10-year period from 1977 through 1986, injuries and fatalities
resulting from motor vehicle accidents at railroad-highway grade crossings
have decreased from 4,452 and 846 to 2,227 and 507, respective]y.(l) Much of
this safety improvement may be attributed to the availability of Federal fuhds
for grade crossing improvement projects.(z) The mhjority of the Federal '
funding has been used to upgrade passive crossings to active ones and has
resulted in over one in four of the 192,454 public grade crossings in 1986
being equipped with active warning devices. In 1986, there were 22,066 cross-
ings (11.5 percent) equipped with automatic gates and 32,778 crossings (17.0

percent) equipped with flashing 1ight signa]s.(s)

Even with these improvements, over 50 percent of all car-train accidents
in 1986 occurred at crossings with active warning devices.(s) Although this
apparently high number of accidents may be a result of higher vehicle and
train volumes and/or more complex railroad-highway geometrics at active
crossings, it is likely that some of the accidents are caused by motorists
either not seeing or not understanding the active warning devices presently
used at railroad-highway grade crossings.(4’5) Therefore, it seems that these

active traffic control devices could be improved.

Research to improve safety at railroad-highway grade crossings has been
going on for some 50 Jears; however, the methods used for warning motorists of
impending danger at a crossing have not changed significantly. During this
time, many innovative warning devices have been developed for use both at and
in advance of crossings, yet field implementation of new concepts has been

minimal.

Recognizing the need to fully address the issues and problems concerning
active warning devices at railroad-highway grade crossings, the Federal
Highway Administration sponsored a research project to identify and evaluate
innovative active warning devices with potential for improving safety at
railroad-highway grade crossings. As part of the research, candidate devices

were identified and/or developed, and the most promising devices were



evaluated in detailed laboratory studies. Based upon the results of the

laboratory evaluation, three of the devices were chosen for field evaluation

at actual crossings. The three innovative active warning devices selected

were: (1) four~quadrant gate and flashing light signal system with skirts;.
(2) a four-quadrant flashing light signal system with overhead strobes; and

' (3) a highway traffic signal 'system with white bar strobes in all red lenses.

The objectives of the field evaluations were to determine the effects of
alternative active warning devices on driver behavior and crossing safety, and
to assess the cost-effectiveness of the three candidate devices. In order to
accomplish these objectives, the following tasks were performed:

1. The existing driver performancé measures at three selected railroad-
highway grade crossings were identified and quantified..

2. Driver performance measures at the three crossings before and after
the innovative devices were installed were compared.

3. The cost-benefit relationships for the three innovative devices were
evaluated. : -

This report documents the field evaluations and presents the final
project results. Chapter I presents background information on the overall
project and research objectives. Chapter II reviews the history and perfor;
mance of warning devices used at railroad-highway grade crossings, including
previous driver performance studies at railroad-highway grade crossings. It
also reviews the history and performance of highway traffic signals. The plan
for field evaluation is described in chapter III. Chapter IV summarizes the
field site selection and study preparation. The field evaluation of the four-
quadrant gates with skirts and flashing light signals is discussed in chapter
V. Chapter VI describes the field evaluation of the four quadrant flashing
light signals with overhead strobes. Chapter VII provides the results of the
field testing of the highway traffic signals. Chapter VIII presents-the
benefit-cost relationships for the three innovative active warning devices.
Chapter IX provides Quide]ines for implementation of the innovative active
warning devices in selected field situations. The summary of results and
conclusions are presented in chapter X. Appendix A briefly summarizes the

results of earlier tasks of this research project.



IT. REVIEW OF RELEVANT LITERATURE

- At réi]rbad-highWay‘grade crossings, the warning system should provide
appropriate, timely information in order to enable drivers to make simple
decisions about whether or not it is safe to proceed over the crossing.  If
their “informational needs-are met, drivers should perform in an acceptable
and safe manner. If their needs are not met, drivers at times may perform in
an erratic’ manner, and safety problems are likely to result. - Driver needs at

railroad-highway grade‘crossingsycan*be‘brokén?doWn.into three basic areas:
) Approach1ng the cross1ng
. W1th1n the cr1t1ca1 stopp1ng d1stance zone.

° Cross1ng the tracks.”

When approaching the crossing, drivers need to be made aware 6f thé
crossing's presence. This can be accomp]ishgd;by‘adyance warning. signs, by .
pavement markings, and sometimes by visﬁal observation of either the crossing
or the train itself. At some point when approaching the crossing, drivers
reach a critical point where a decision must be made -to stop if & train is
approaching, or to proceed if one is not. The drivers' need at this'poTnt is
to be able to see either the train or anactive warning device far enough

away from the crossing to react and stop safely.

When actually crossing ‘the tracks, driver needs are different depending -
upon whether passive or active warning -devices are present. At passive.
‘crossings, drivers need to be able to see far enough down the tracks to
determine whether 'or not it is safe to cross.. At active crossings, the
active warning device conveys a message to the driver as to-whether or not it
is ‘'safe to cross. Therefore, it is imperative that the credibility of this

message -be maintained.

~In summary, driver informational needs at railroad-highway grade cross~
1ngs‘are that the warning system and/or train be highly visible.and that-
conditions at the track itself be-accurately represented. ‘Driver performance
measures are a means of assessing the adequacy of the warning system in
meeting the drivers' needs. The challenge of using driver performance
3



measures for this purpose is the definition of what constitutes good driving
behavior. This chapter reviews the development of the warning system itself
as well as past research on driver performance at grade crossings and also at
sigralized highway intersections as highway traffic signals are one of the
caﬁdidate devices for laboratory and field evaluation. The discussion will

fdcqs on active warning devices as they are the subject of this research.

Warning Devices for Use at Grade Crossings
There are two basic types of warning devicés for use at rai]rdad-
highWay grade crossings, i.e., passive devices and active devices. .Passive
devices, including signs éﬁd pavement‘markings;{provide static wafhjng of a
grade‘érossing. Active devices warn drivers of the approach or presence of a
tra{nf Two types of active waﬁning>systems are in common use,vi.é., flashing
light signals and flashing light signals with automatic gates. - Both of these
systems combine passfve éigns and‘pavemént markings with active warning

devices to warn and regulate traffic at railroad-highway grade crossings.

- Historical Development. One of the earliest active warning devices used
in this country, shown in figure 1, was a signalman on horseback preceding
the train, waving a flag, and shouting "a train is coming" to warn people
away from the tracks.(6) From this evolved the practice of a signalman
standing at the crossing and waving a red flag or pédd]e during the day and a
red-colored lantern at night to warn of approaching trains. The first steps
toward replacing flagmen were taken around 1890 when an automatic switch was
used to detect the presence of a train and to activate a visual device known
as a "wig-wag" which simulated the action of a signalman waving his flag or

(

signals were put into service. Most used a horizontal array of lights and

lantern. 7) During the next few years, several types of flashing device
simulated the signalman's swinging lantern by sequential lighting'back and
forth.

The forerunner of the modern-day flashing light signal was installed in
1913 by the Central Railroad of New Jersey at Woodbridge Avenue, Sewaren, New
Jersey.(e) Basically, the unit consisted of two alternately-flashing



A TRAIN IS COMING -

IN THE EARLY DAYS, SOME LOCALITIES
“REQUIRED A SIGNALMAN ON HORSEBACK
TO PRECEDE A TRAIN WAVING A FLAG AND
SHOUTING "A TRAIN 15 COMING? TO WARN
THE WATCHING AND SOMETIMES SKEPTICAL
POPULACE AWAY FROM THE TRACKS .

Figure 1. An early active Warning device for use at
railroad-highway arade crossings.



horizontal red lights each with 5-3/8-in diameter lenses. The use of this
device spread rapidly and operational experience soon revealed a need for
much stronger lights; as a result, the 8-3/8-in diameter lens was introduced
in 1923. By 1930, over 60 different warning devices were being used on
different railroads, and it was at this point in time that the American
Association of Railroads (AAR) decided that the two most widely favored
devices, the wig-wag and the flashing Tight, be adopted as standard. Since
that time, use of the w1g-wag for new construct1on has ceased and the two
a1ternaté]y-f1ashing horizohtal lights have betome,theanationa] standard.
The other type of. active warning device in use today is:the short-arm
automatic gate. Or1g1na11y, gates were designed for manua] operat1on by a
signa]mahﬁ They would be Towered in advance of a train's. arr1va] -and raised
after its departure. By 1935, there were about 4,700 manua] gates at cross-

(9)

installed natjonwide. in an effort to provide more protection and to reduce

ings in the United States In the same year, 26 automat1c gates were

labor costs. Interestingly, ‘both the manual and early automatic gates

(10) 14

was not until July 1936 that the first short-arm automatic gute, today's

blocked the entire roadway as is currently done in much of Europe.

standard,” was installed. This concept was quickly accepted, and within 10
years short-arm gates were being 1nsta]]ed ‘at approximately 1,000 new cross-

(9)

ings per year

Flashlng Light S1gnals A stahdard“fiashinq light signal assembly is
1)

auxiliary "number of tracks sign when there is more than one track and the

illustrated in figure 2. (1 It 1nc1udes a standard crossbuck sign, an
flashing light signals. The flashing 1ights can be e1ther post mounted or
cantilevered. They are norma11y placed to the r1qht of approach1ng highway
traffic on all roadway approaches to the crossing.. Add1t1ona1 pa1rs of
lights can be mounted on the same support and directed toward highway traffic
approachjhg from another or opposite direction. Signals on both sides of the
street are used at ohe-way streets and certain divided highway locations.

The signals, as well as other active warn1ng dev1ces are required to operate
in a fail-safe manner, 1.e. failures or loss of electrical power cause the

warning system to be activated. A trickle-charged 12-volt battery system is
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used to provide backup bower, in most cases, for more than 48 hours of normal

operation.

Flashing 1ight signals are activated a minimum of’ZO seconds before the
train's arrival whereupon the two lights begin to flash altérnately-at a rate
of 35 to 55 times peﬁ?minuté.(lz) They contiﬁue to flash until after the
train has cleared the crossing. The two lights are spaced 30 in apart on a
horizontal crossarm and consist of either two 8-3/8-in or two 12-in diameter
red lenses, or roundels as they are more commonly called, eéch.SUrrounded by
20-in diameter black backgrounds. Inéide the Tamp housings are located a 10
to 36;watt bulb and h,ref]ector. ‘Theée Tow wattagés are uséd because of the
limitatiqn of the backup power system. To.fompenéate for this constraint,
the reflector and roundel work in;COnjuntfion with one another to focus the
hot sbots of these lights along a relatively narrow. field or view. There-

fore, focusing and aiming procedures are extremely critical.

Flashing Light Signals with Automatic Gates. An automatic short-arm
gate is illustrated in figure 3.(11) As shown, it is used in conjunction
with a flashing 1igh£ Signa] and consists of a drive mechanism and a fully
reflectorized red and white striped gate arm with three'lights. They may be
located on the same posf as the flashing light signa]s‘or separately mounted.
When the gate is in the down position, it extends across the approaching
lanes of traffic at a height of approximately 4 feet above the pavement's
surface. The red and white stripes are 16 in in length and are cut such that
they slope down toward the center of the roadway at a 45 degree angle. The
gate arm tip end 1ight burns steadily and the two inside 1ights flash alter-
nately. They are activated at the same time as are the flashing light
signals; however, the downward motion of the gate arm generally lags the
light activation by 5 to 10 seconds. Gate-afms can be made of aluminum,
fiberglass, or wond. Their generaily acceptable maximum practical length is
44 ft. ‘

Guidelines for Use. Guidelines for the conditinns under which different
warning devices should be installed are contained in three documents--(1)the
Manual of Uniform Traffic Control Devices (MUTCD); () the Railroad-Highway

8
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Grade Cross1nq Handbook; and (3) the Traffic Contro1 Dev1ces )
Handbook. (11,12,13,14, 15) ‘The MUTCD has been adopted as a nationa] standard

and as such is a legal requirement whereas the other documents' contents

~ provide guidelines and practical applications thereof. Basically, passive
‘warning.devices are required at all grade crossings, and active warning
devices are recommended where increased levels of warning ard/or control are
needed. - Factors used in determining .the need for active warning devices are
contained in the Railroad-Highway Grade Crossing Handbook and iTlustrated in
table.1.(13:14)

The-intent of these guidelines -is to .provide-a consistent application .of
‘the warning devices so as-not to violate & driver's ‘expectancy; however,
field installations do not a1ways reflect this fact. For ekampie"in a study
“of 287 crossings in 44 States, 84 percent were judged not to be ‘in confor-
mance with MUTCD standards for one reason or another. (16) However only 11

lpercent of the cr0551ngs were not ‘in comp11ance with the Ra11road Highway

Grade Cross1ng Handbook gu1de11nes in that the proper type of device was not

installed, i.e., passive signs and markings alone or in comb1nat1on with
f]ashing light signals and/or automatic gates (13,14) Thus it appears that

"Handbook" gu1de]1nes are being adhered to fairly we]l whereas str1ct ‘
comp11ance with the MUTCD standards is often not be1ng met.

Driver's Responsibilities Drivers are required to use.reasonable and
prudent behav1or in operating the1r motor vehicles, whether it be at a
railroad- highway grade crossing, a regular highway 1ntersect10n or-any other
place on the road. A With regard to grade crossings, specific legal require-
ments are outlined in the Uniform Vehicle Code (UVC) and in various State

traffic regulations. Following is an éxcerpt from the UVC ‘Section 11-701,

(17)

estab]1 hing driver duties at grade cr0551ngs

"(a) Whenever any person dr1v1ng a vehicle: approaches a
railroad grade crossing under any of the circumstances stated in
this section, the driver of such vehicle shall stop within 50 feet
but not Tess than- 15 feet from the nearest rail of such.railroad,
and shall not proceed until he can do so safely. The foregoing
requirements shall apply when: ]

1. A clearly visible electric or mechan1Ca1 signal device
gives warning of the immediate approach of a railroad train;

10



Table 1. Factors used in determining the need for active traffic
contro] dev1ces at ra11road h1ghway grade crossings. (9, 10)

Vehicular traffic volume--an ADT of less than 1,000 would require other

vﬁsignjficanyiwarrants;.

""Railroad traffic volume--less than 6 trains per day would normally
. .represent light exposure except where passenger train operations exist;

Maximum train speeds--speeds greater than 50 miles per hour in rural _
areas or 35 miles per hour in urban areas deserve careful consideration;

Maximum permissible vehicular speeds--speeds in excess of 35 miles per

hour in rural areas or 25 .miles per hour in urban areas deserve careful
‘ cons1derat1on

,,Pedestr1an vo]umes—-pedestrian volumes -of 150 or more per hour may be a
‘s1gn1f1cant determinant;

Acc1dent record--occurrence of a train involved accident within a three

year per1od 1nd1cates a need for careful analysis;

‘-Redueed s1ght d1stance--11m1ted view of tracPs should be checked for

11m1ted driver react1on and

ﬁ.,E11m1nat1on potent1a1--clos1ng 11ght1y used cross1ngs and installing
“active deve1ces at more heav11y used cross1ng should be considered.

Additional factors shou]d be cons1dered for automatic_gate

Multiple main line: rajlroad tracks;

Multiple tracks where a train on or near the crossing can obscure the

‘movement of another train approaching the crossing;
"High speed +ra1n operat1ons comb1ned with limited sight distance;

Comb1nat1on of high speed and moderately high volume. hiqhway and

railroad traffic;

Presence of school buses transit buses, or farm worker vehicles in the

- traffic f]ow,‘

Presence of ‘trucks tarrying hazardous materials, particularly when the

view down the track from-a stopped vehicle is obstructed;

Presence of passenger trains; and

Continuance of accidents ‘after installation of flashing lights.

11



2. A crossing gate is lowered or when a human. flagman gives
or continues to give a s1gna1 of the approach or passage of. a
railroad train; '
4. An approach1ng railroad train is plainly visible and is in -
hazardous proximity to such crossing. ]
(b) No person shall drive any veh1c1e through, “around or
under any crossing gate or barrier at a railroad crossing while
such gate or barrier is closed or is being opened or closed."
Unfortunately, not all. States have traffic laws which are- consistent with the
UVC. This lack of consistency may be a source of confusion for some drivers.
For example, at least nine States do not expressly prohibit:driving under-or
around a lTowered gate arm, and at least two of ‘them, Louisiana-and Missouri,
actually permit a motorist to drive around a Towered gate arm when it is safe

to do so. (18) .

Indeed, not all drivers understand their responsibilities at a grade e
crossing. In a study of 829 subjects, over 50 percent of the respondents
thought they should stop at unsignalized crossings and 25 percent thought -
they should stop at all signalized crossings whether or not the signal was :

(19

the standard MUTCD signs and markings associated with grade crossings, and:

flashing. ) Approximately 30 percent of the respondents'did not-recognize-
more than 50 percent thought that all crossings except those rarely used by
trains were protected by active warning devices(lDC1ear1y,'there is-too large
- a percentage of motorists who do not fully understand and/or comprehend their
legal responsibilities at railroad-highway grade crossings. ‘The consequenc-
es of an improper decision at such a location can lead to death or serious

injury.
Driver Performance at Grade Crossings

~ There is much published literature concerning. safety at railroad-highway
grade crossings. However, it is somewhat surprising that only a limited -
number of studies have attempted to address and quantify driver behavior at
grade crossings. The driver performance measures of effectiveness (MOEs)
reported in these studies include looking behavior, speed profiles, speed
changes, deceleration levels, and conflicts and violations. These MOEs are:

discussed individually in the following sections: ) S T

12



- Looking Behavior. - Looking behavior refers to whether and where the
driver Tooks when approaching a crossing. A general assumption regarding
looking behavior is that a safe driver is one who looks for trains. However,
this'islnpt necessarily the case at active crossings where the warning device
itsejf‘is an indication of én‘approaching trafn. At these locations, a safe
driver has ohTyvfo look for the warning device. However, a study of six
crossings with flashing light signals in three different urban areas found
_that up to 50 percent of . all drivers looked in at least one direction during
time periods. when the signals were not activated.(zo)‘ In addition, there
appeared to be more looking'during time periods of heavy train traffic.

In another study of three passive and six active crossings, behavioral
data were collected on over 18,000 vehicles and from 1,200 driver question-
naires.ﬁzl)prearly 80 percent of the drivers interviewed said they detected
a crossing by simply remembering that it was there, while approximately 20
percent relied on the warning system or visual observation. One percent of
the. drivers did not know they had just driven through a crossing. Looking
behavior varied from site to site; however, no consistent-differences in
driver behavior were found between active and passive crossings. The behav-
joral differences that-did exist from site to site were a function of train
~VOTume and driver familiarity, i.e., familiar drivers tended to look more at
-crossings where train volumes were high and at the same crossing, they:tended
to look less than unfamiliar drivers. There was no-difference in looking
behavior at crossings with severe sight distance restrictions compared to
those with minor or no restrictions. These collective findings seem to
indicate that many drivers may be relying on past experience rather than on

warning devices to determine whether or not a train is approaching.

.- Speed .Profiles. Most driver behavior studies at grade crossings have
considered approach speed profiles since speed data are easier to.gather and
interpret than looking behavibr data. Figure 4 illustrates typical approach
speed profiles for urban and rural crossings.(zz) Note in the figure that
the speed data are expressed as percentages of the speeds at which the
vehicles entered the crossing area.. The data indicate that speed reductions
at the passive crossings tended to be greater and occur sooner than at the

13
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active crossings. This was true for both urban and rural conditions; howev-
er, the differences were less at rural crossings. One shortcoming of compar-
ing speed profiles at different crossings is the fact that speed reductions
of familiar drivers are proportiona] ‘to the roughness of the crossing sur-
face, i.e., the rougher the crossing the greater the.speed reduction. This

relationship is 111ustrated in figure 5. (22)

When eva]uatlng approach speed prof11es in response to act1ve warning
dev1ces, it should. be recogn1zed that the presence of the train and other
vehicles will have an effect on approach ‘speed. Therefore speed profile
data should be separated into categor1es of similar expected behavior. Past
studies have in fact. ut111zed four basic. categor1es for approach speed
profiles. 1In each: success1ve category, drivers ‘were presented with an

(23,24) The first category, "free

- .additional visual st1mu1us at the crossing.
fiow vehicles," included those vehicles traveling through the crossing with
no stimulus other than the existence of the crossing and its nonact ivated
warning devices. 'The second.category, "first unobstructed vehicles,"
~included those vehicles that entered the cross1ng area while the warning
devices were act1vated by the approach of a tra1n "but chose to pass through
the crossing. - The added stimulus wds that of the activated signals. The
third category, "first obstructed vehicles," included those vehicles that
entered the crossing area while the warning devices were activated and the
ftrain was already blocking the crossing or was in such close proximity as to
hpresent a hazard. ‘These vehicles were obstructed by the added stimulus of
train presence. The final category, "following thic]es," inc1Uded those
vehicles entering the crossing4arearunder conditions of act{xated warning
devices, a train b]ocking the crossing, and the added stimu1os of one or more

vehicles already stopped*at the crossing.

Approach speed proft]es for each of these vehicle categories are illu-
strated in figure 6 (2 3)_ Note that free-flow vehic]es:entered the crossing
area at about the same. speed as the first unobstructed veh1c1es but faster
than the first obstructed and fo110w1ng veh1c1es that entry speeds of first
unobstructed vehicles may not be distinguishable from first obstructed
vehicles, but are faster than those of following vehicles; and that entry

15
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speeds for first obstructed vehicles are faster than those of following
vehicles. In each case the slower vehicles were in a category beﬁef1t1ng

from an .added stimulus at the crossing.

From these results, it might be-inferred that flashing 1fght‘s1gnals,
operating when a train is not immediately present, are not commanding enough
to cause unobstructed drivers to decrease their,speed;dhtil'théy are rela-
tively é]ose_to the crossing. In other words, drivers either anticfhate the
possibility of crossing safely ahead of the train, or they do not see an.
indication of hazard as early as drivers. in other categories. Driyers
approaching the crossing whenva'ﬁazard is indicated, first obstrucﬁed vehi-
cles, slow down sooner and_déheleréte more gradua]]y’théh those with only"the
activated flashing light éigna]s in evidence. 'Fina11y, drivers fated wi;h
activated flashing light signals, a train blocking the crossing, indvveh{cles
stopped in the roadway beg%n slowing down even further from the croséing.
This final observation méy point out some advantages of automatic @ates in
that they provide drivers with‘éarlier visibility of a hazard in the roadway,
while also eliminating the obtion of unobstructed motorists deciding to beat

the train.(23)

Perhaps the best use of approach speed profiles is in comparing differ-
ent conditions at-a particular grade crossing,-since crossing roughness would
not be a variable factor. At:least two notable studies have used this
approach. In the first, a comparison was made before and ‘after automatic
gates were added to the existing flashing light signal system at the cross-
ing. Figure 7 presents the speed profile results from this study.(24) As
shown in the figure, the first unobstructed drivers entered the crossing area
at approximately free flow-speed and began to slow down to a Speedvof about
30 mi/hj At this point in the before condition, the first unobstructed
drivers decided it was safe to cross the tracks in front of the train,
whereas in the after condition, the autbhét{c'gétes"took this decision away
from the drivers. Thus, these drivers were reclassified as first obstructed.
Taking the‘opiionufo cﬁoss in fronﬁ‘bf thé £réin,away'ffom the driver theo-
retically eliminates the possibility of a bad decision, provided the gates
operate in a timely and reliable manner.
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" The other comparat1ve study evaluated five warn1ng dev1ce conditions at

the same site: (25)

) Passive signs and markings.

) Nonactivated\f1ashing light signa1s.

) Activated f1ashing'1ight signals.

° NonaCtivatedHf1ashing light signals and raised automattc~gates.l”“
o “Activated:t1aShing‘1ight signals and lowered automatic gatesL S

Tab]e 2 and figure 8'sUmmar1ze the results from this study (25) Basicallyp:‘
as dr1vers approached the study cross1ng, they reduced the1r speed s1gn1f1-f g
’cant1y under all five cond1t1ons Speed reductions in the presence of ‘the -
pass1ve signs were s1gn1f1cant1y greater than 1n the presence of the non-7rv
act1vated f1ash1ng 11ght signal cond1t1on and automatic gates. However 30
percent of the speed reductions were not great enough to stop the veh1c1es SRR

'safe1y from the d1stance that a train could be seen. The lowered gate arm"j

- cond1t1on resu1ted 1n s1gn1f1cant1y lower speeds than did the activated

flash1ng 11ght s1gna1 cond1t1on indicating more of a res1gnat1on to stop 1n
front of a 1owered gate arm than 1n front of an- act1vated flashing 11ght
‘s1gna1 ‘These observations support_ those from the other speed’ prof11e
studies.

Speed Changes Speed changes refer to differences in speed between .-
success1ve po1nts a]ong the roadway. They can be either positive (acce]er-‘
‘ation) or negat1ve (dece]erat1on) Speed changes are important since there
is some ev1dence ‘accident rates are affected by speed and speed change

variance. (26)

If thjs is true, railroad-highway grade crossings may be
extremely“dangerous“Tocations because some drivers slow down to verify the -
way is clear, 'sohesdrtversfmaintain their speed, and some drivers speed up:to
beat the- tra1n 'Furthermore the expected variance might be higher at an -
active grade cross1ng than at a signalized h1ghway 1ntersect1on because .
activated f1ash1ng 11ght signals are an uncommon event whereas changing

traffic signals are not.

Results from a study which specifically looked at speed changes on the

(20)

approach to a grade crossing are summarized in table 3. From this
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. Table 2. Driver speeds approaching a rai]foad-highway grade -
crossing as a function of different warning devices.

‘ Condition ‘
Passive- Signal Signal . Gate. Gate
Signs + " Off °~ Flashing Raised Lowered F
(n=95)" (n=130) (n=15) (n=120) (n=7) (4,326)

Speed at 200 m

-~ Mean (km/h) 56.1 - 59.3 54:5- . '59:1 - 45.0 7.64**
Standard Deviation ! 8.2 7.3 11.9 8.6 10.2

Speed at 80 m - {

- Mean (km/h) 47.7 " 54,1 43.8 54,2 38,7 13.26**
Standard Deviation 10.0 9.5 9.9 9.9 11.1

Difference ‘ . :
Mean (km/h) 8.4 5.2 10.7 5.0 6.3 5.15**
Standard Deviation 8.9 7.2 7.0 5.7 6.0
f

D 9.2** 8.3** 5.9*x 9.6%*  2.8%*

Note: 1.0 km/hr = 0.6214 ‘mi/hr; 1.0 meter = 3.281 feet; * = signifi-
cant at 0.05 level; and ** = significant at the 0.0001 level.
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Table

3. Percentage of vehicles which decelerate (D),
maintain a constant speed (C), or accelerate

(A) between adjacent observation zones at the
six railroad crossings.

Zone 1-11  _Zome 1I-111  Zone I1I-IV

Locations b ..C A D c. A D C A
Centre Street 320 48 %0 5 4 8 3 8
Collins Bay Road" 68 14 18 79 9 13 73 4 24
Gardiners Road 47 17 3. 67 12 21 76 9 16
Sydenham Road 33 19 4 8 8 10 i' 8 .6 87
El17ot Avenue 87 2 11 34 10 56 58 16 26
53 23 24 . .85 5 38 20 42

McConnell Avenue

10. .

Note: Percentages may not total 100 because of rounding.
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~table, it is seen that, individually, drivers varied their approach speeds
and patterns of acce]eratioh and decejeratjon from crossing to crossing .as.
we11 as at each crossing} In other words, there were no discernible patterns
either between or within. crossings even though they all had active warning.
devices and all data were collected during nonactivated conditions. Also,-
variance of the mean speed change genéra]]y increased as the drivers.got.
closer to the crossing at each of the sites. This infers that different...
drivers behave differently. as they approach a grade crossing and that these
differences increase as they.get closer to the crossing. Thus, thé likeli-
hood of between vehicle accidents increased..

Deceleration. "Maximum deceleration is thought to be a good.indicator of
warning device effectiveness. Ideally, a driver slowing to a stop should do
so gradually. .If a driver exceeds some comfortable level of deceleration, it
indicates severe braking due to a delayed or surprised reaction by the. .

driver. The Traffic Engineering Handbook defines several .deceleration levels
(27) ' , -

as follows: o ,
° Emergency--greater than 20 ft/SZL

e - Very uncomfortable--14 to" 20 ft/s?.
. Uncomfortable--11 to 14 ft/s.
| Undesirable--8 .to 11 ft/sz,

. PEacfica]--]ess than 8 ft/Szx

Two studies have analyzed deceleration levels at grade crossings and

(23,24) 1, the first study, 13 drivers out of

reached similar conclusions.
520 exceeded the practical deceleration level when approaching an activated
flashing light signa].(23) In the second study, eight drivers out of 261
exceeded the practical deceleration level when approaching an activated
flashing light signal with lowered automatic'gates.(24) Thus, nearly all of
the observed drivers in both studies decelerated at a practical level and no
drivers were involved in an accident. This implies that large samp]es'of ‘
deceleration levels would be required to provide conclusive evidence of"

"unsafe" driver performance at railroad highway-grade crossings.
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Conflicts and Violations. I the context of grade crossings, conflicts
are undesirable driver actions which place the driver in a dangerous position
relative to an approaching train. Violations are illegal driver behavior
which may or may not also be a conflict. Both could be termed "risky be-
havior." One study found that only 46 percent of the drivers approaching
crossings with activated flashing lights.and 90 percent of the drivers
approaching crossings with lowered automatic gates actually stopped at the’
crOSsingi(zg)‘ It is not reported how many of those who did not §top, crossed
unsafely; however, dependent upon State law, those who drove around the
lowered gates probably did so 111ega11y.(18) Other studies have reported
from 15 percent to 60 percent of approaching drivers crossing in front of a

. train while the flashing 1light signals were aCtivated.(zz’ZS)”'

The most frequently cited causal factor for conflicts and violations is
the large variability in warning times with train activated warning devices.
Reportedly, warning times vary from as short as 17.5 seconds to as long as
2.5’minutes.(20) Clearly, these longer warning times are excessive, giving
drivers plenty of time to cross in front of the train and be in no real
. danger. The danger lies with those drivers expecting a long warning time and
suddenly being faced with one that is minimum. It is in these situations
that a driver may place his/her vehicle in an unsafe'position. A related
finding is that the longer the warning time or the expected waiting time, the

greater the probability and number of risky maneuvers.(zz)

Driver Performance at Signalized Highway Intersections

- Driver behavior at signalized highway intersections is quite different
from that at railroad-highway grade crossings. At a signalized intersection,
the traffic signal is always illuminated communicating to drivers that either
they should stop (red indication); they should proceed (green indication); or
they should be prepared for a change in right-of-way (yellow indication). An
untit traffic signal indicates some type of hardware or power failure and
this-alone informs the drivers that they should proceed with caution. On the
other hand, an unlit signal at a grade crossing indicates that n6 train is
approaching and therefore it is safe to cross.

/
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Most drivers encounter traffic signals on a daily basis and'fhey‘expect
"a signal's indication to change frequently. For example, traffic signals
commonly change intervals 500 or more times a day. In comparison, grade
crossing signals rarely change more than 20 times per day, and in some
instances change as few as once or twice per day. Because traff1c signals
are so common, drivers are aware of and confident in their operation. Driver
awareness and confidence in grade crossing signals are prdbably Tow in
comparison. Driver behavior studies at signalized highway intersections have
focused on driver response and actions during the signal's change 1nterva1
The pertinent findings from those behavioral studies are d1scussed in the

following sections.

‘Perdeption-Brake Réaction Time. At a traffic signé] insté]lation,,
percept%on time is the time for drfvers to come to the rea]ization that‘
~brakes must be applied, and brake reaction time is the timeurequired to app]y
the brakes after perception. The two times cannot be separated dur1ng f1e1d
measurements as it is impossible for an observer to differentiate when‘
perception is accomplished and brake reaction starts. Therefore, the tota]
of the two is generally reported, with the sum defined as the elapsed time
from-the onset of the yellow signal until. the brakes are applied. Both of’

these points can be easily measured.

Several studies have measured perceptiqn—brake reaction tihe (PBRT) in
response to a traffic signal chénge fnterva] One of the earliest studies
used 87 observations from a single intersection to report a median PBRT of

.1 seconds and an 85th percentile PBRT of 1.5 seconds. (29) A more recent
study relied on approx1mate1y 100 observat1ons from each of six intersections
to report a median PBRT of 1.3 seconds and 85th percent11e times from 1.5 to

2.1 seconds.(30) The Traffic Engineering Handbook assumes a PBRT in response
to a yellow indication of one second; however, actual intersection stoppihg

distance data revealed a much higher value of PBRT when stopping was

(27,32,33)

. made. When these data were analyzed using deceleration levels

rang1ng from 8 to 15 feet per second per second, three categories of dr1ver

behavior emerged as follows: (34) _ y S
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1. Forced stopping: when more than 85 percent of the drivers go
: through the intersection, those 15 percent or less of the
drivers stopping take less thanul.O_secpnds of PBRT;

- 2.. . Indecision stopping: when 50 percent of the drivers go
. through the intersection and 50 percent stop, PBRT 1is from
1.0 to 1 5 seconds and ‘

:, 3. .Comfortab1e stopp1ng when the maJor1ty of the dr1vers
‘ ‘ dec1de to stop, their PBRT is from 1.5 to 3.0 seconds

i . OneAshértteang of theée‘sfudies is fhafdnone of them analyzed PBRT as a
fUﬁetioﬁ of vehicle speed and distance from the intersection even though the
data indicate relationships exist. Findings from one study which analyzed
these relationships are presented in figure 9.(35)“As shown in the figure,
PBRT decreases with an increase in speed; however, the mean PBRT tends to
stabilize at about 0.9 seconds once speeds reach 45 mi/h. 1In situations

”requi¥1ng immediate reaction (e.g., approach speeds greatef than 40 mf/ﬁ),

" the mean PBRT did not increase with distance from the intersection. Instead,
*ff‘épbeared to be relatively constant atVO'Qﬂseconds Combining these:
resu]ts indicate that 1.2 seconds is a good estimate of an 85th percent11e ‘
PBRT for both higher speeds and c1oser d1stances

"Time of day and weather conditions hight”a1so‘affect a driver's PBRT
time. The only study which evaluated these effects reported no differences
in dr1ver behavior between day-night or wet-dry conditions. (35) As a result
of these f1nd1ngs a mean PBRT of 0.9 seconds and an 85th percentile PBRT of
1,2 seconds were reeommended as fepresentative of driver behavior at signal-
ized highway ihtersections for all lighting and weather conditions.

 '%It‘shou1d‘be”no£ed that the PBRTs reported in the aforementioned studies
;are representat1ve of operationally alert cond1t1ons in that most drivers
were familiar with the traffic s1gnals and expected them to change on a
regu]ar basis. If the signals had been comp]ex and/or their change unexpect-
ed, such as at an isolated rural intersection or a railroad- highway grade’
crossing, the dr1vers may not have been as alert and longer PBRTs would have
been observed. The American Association of State Highway and Transportation
Officials (AASHTO) recognizes this fact and recommends a PBRT of 2.5 seconds

be used for design so as to accommodate most drivers under most condi-
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Deceleration. Some researchers recommend a deceleration of 10 feet per

second per second (ft/sz) for use in calculating the length of a traffic

(37’38) In fact, this value is recommended in the

signal change interval.
1982 Transportation and Traffic Engineering Handbook.(39) A study with field

observations reported that when the required deceleration was 8 ft/s2 or

less, virtually all drivers stopped. Wheh the required deceleration was
between 8 and 12 ft/szl some drivers‘stopbed while others proceeded through
the intersection.ijhen”the required deceleration was greatér than 12 ft/sz,
few drivers stopped.(40). It should be noted that dece]eration levels
observed in field §tudies aré primarily a result of comfort or a "practical"
level of deceleration. They are not an indication of whether the driver/

vehicle can perform certain decelerations.

DeceleratiQh‘is governed by the "basic laws of motion" from physics. It
is affected by Speéd, distance, and time, as shown in the following equa-

tions:
d = (vZ-v %)/2s
0
or
d = (v-yo)/t
where:
d = décé]erat1on, ft/sz.
v = initial velocity, ft/s.

v final velocity, ft/s.

7
]

distance over which change in velocity occUrs, ft.

ct
]

time over which change in velocity occurs, sec.

At an intersection, the distance and time available for deceleration is
dependent upon the distance traveled during PBRT in response to onset of the
yellow indication. Thus, because of the relatively stable mean PBRT time of
0.9 seconds, drivers of faster vehicles must accept higher deceleration
levels than drivers of slower vehicles if they are both to stop at the
intersection. This relationship is illustrated in figure 10.(35) Note that
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85 percent of the higher speed drivers utilized deceleration levels of 10.6
ft/sz‘or less. The 10 ft/sz deceleration level assumed by the Transportation

and Traffic Engineering Handbook represents 90 percent of this va]ue.(39)

Therefore, a deceleration of 10.5 ft/s2 was .suggested as normal behavior on

level grade.(35)

Several other factors might have an effect on deceleration, one of which
is grade. Supposedly, drivers will accept higher than normal deceleration
levels on a downgrade. One study quantified this effect in the following

equation:(35)
' d=10.5+0.75 g
where:
d = normal deceleration level, ft/sz.
g = percent grade divided by 100.

This same study found no significant differences in drivers' selected decel-
eration levels between day versus night or dry versus wet pavement condi-
tions.

Probability of Stoppihg. It is thought that a driver's perceived time
to reach the stop line may influence his/her decision to stop or go. Several
studies have collected data to verify this tenet; however, they were
generally limited to either a single intersection or several intersections
with similar approach speeds.(30’32) The findings from a study which looked
at a range of conditions are presented in figure 11.(35) As shown in the
figure, practically no drivers stopped when they were less than 2 seconds
away from the intersection at the onset of the yellow indication, and 85
percent of the drivers that did stop were 3 seconds or more éway from the
intersection. Furthermore, 85 percent of the drivers who did not stop were
less than 3.7 seconds from the intersection; and 95 percent were less than
4.5 seconds from the intersection. These times were relatively stable across

all speed categories.

These findings are somewhat surprising since the current practice is to

provide a minimum yellow time for low approach speeds and to increase its

length as the approach speed increases until some maximum value is
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reached.(ll) However, as shown in figure 10, approach speed has no
discernible effect on the probability that a driver will stop in response to
the onset of:a yellow indication. Apparently, the decision to stop or go is
based upon the perceived time to reach the stop line. This would mean that
the real danger associated with change intervals may be with short yellow
times found at lower speed intersections. In these cases, a significant
number of dr1vers are going to enter the intersection after the yellow has
terminated. To alleviate this prob]em, one researcher has suggested a

constant yellow time of 4.5 seconds be used at all 1nter"5,ect1on's.(3 )

Conflicts.v Aé with grade crossings, conflicts are.dri&er actions which
place the driver in a dangerous position, j.e., in a position wheré a col-
lision is imminent, unless -an evasive maneuver is undertaken. Several
studies have documented the relationships between different types of acci-
dents and conflicts at signalized intersections.(41) Genepa]]y, the best
results have been obtained when the intersections were stratified by volume
Tevels. Such relationships are desirable, as conflicts can be easily counted
and are much more frequent than accidents. Thus, accidents can be predicted
and hazardous locations can be identified without waiting for accidents to
occur, provided the conflicts that are observed are in some way related to

the type of accidents that are being predicted.

Unfortunately, confldict rates at intersections cénnotjbe‘compared
directly to those at grade crossihgs for two reasons. First, a conflict at a
signalized intersection typically involves two vehicles, both of which can
take evasive action. A conflict at a grade crossing also involves two
vehicles, but only one of them, the motor vehicle, can take evasive action.
Second, train vo1dmes and number of accidents at railroad-highway grade
crossings are so low that there are not enough potential conflicts to develop
statistically significant relationships without collecting data for long
periods of time. Conflicts at highway intersections with comparable volume

levels have not been studied for the same reason.
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Summary of Previous Research

There are two types of warning devices:for use at’rai]road-highnay grade
crossings--passive devices and active devices. Passive devices provide
static warning of a grade crossing's location and are required at v1rtua11y
all at-grade crossings. Active devices supplement passive ones at 1ocations
where the accident potential is high so as to warn drivers of the approach or
presence of a train. The active warning devices currently in use were .
developed over 50 years ago. Guidelines for their use and some practical
interpretations are offered in the MUTCD and Traffic Control Devices Hand-

book; however, the responsibilities the different warning devices place on

approaching drivers are not well understood by the general public.® (11, 15)

Driver performance measures are a means of assessing the adequacy of a
traffic control system in meeting a driver's needs. The better those needs
are met, the better the driver performs. The cha]]enge lies in defining what
constitutes good driver behayior, Surprisingly, few studies have attempted
to quantify driver behavior at railroad- highway grade crossings Those that
did looked at such measures as looking behavior, speed prof11es and changes
deceleration levels, conflicts, and violations. As a result of these stud-

:

jes, several 1nterest1ng and somewhat unexpected conc]usions were reached

Looking behavior is a poor measure of driver performance for the reason
that just because drivers look, one does not know why or if they even see
specific things in their field of view. In addition, 1ooking behavior
appears to be more related to past experience than the,need to 1ook; f.e., at
different crossings, familiar drivers tend to look more when train volumes
are high, and at the same crossing they tend to look less than unfamiliar

(21

crossing are a function of the crossing surface, making it virtually impos-

drivers. ) Speed profiles of familiar drivers on the approach to a grade

sible to compare different crossings; however, speed profiles are useful when

comparing different warning systems at the same crossing.

‘When studying approach speed profiles, drivers should be grouped into
categories of similar expected behavior based on the stimulus for stopping at

the crossing. Basically, the greater the stimulus, the sooner and more
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gradually drivers will begin to slow down. Lowered gate arms result in the
smoothest speed profiles and, surpr1s1ng1y, act1vated f]ashing lights result
in’ speed prof11es similar to those at’ pass1ve cross1ngs “As for speed
changes ‘of 1nd1v1dua1 vehicles approaching the crossing, ‘theré are no
apparent patterns other than the fact that their” var1ance increases as the

veh1c]es get c]oser to the cross1ng

Observance of extreme deceleration levels and large numbers of conflicts
and y1o]a£10ns are good indicators of potential grade crossing safety prob-
Tems. fUnfortunateWy,'very'few’drivers'exceed a5practica1 deceleration level
when stopping, ‘thus requ1r1ng 1arge data bases. Conflicts and violations are
more common and eas1]y observed. The key to their use is a clearly defined
behavior that can be measured in the field.

‘MHDriVerhbehaVWor atysigna1ized intersections is different from that at
ra11road h1ghway grade cross1ngs in that changes in right-of-way are expected
at 1ntersect1ons and unexpected at grade cross1ngs however, several research
f1nd1ngs are worth not1ng The 85th percent11e perception-brake reaction
t1me 1n response to a ye]]ow s1gna1 can'be estimated as 1.2"seconds.” This
va]ue does not change with either distance from the intersection, or day-
n1ght or wet-dry conditions. 'The 85th percent11e 'deceleration’ level is 10.5
ft/s which also is unchanged for all conditions other than approach grade.
As with grade crossings, fewhdrfvers'se1ect'higher'than practical decelera-
tion Tevels when‘stopping’ Ninety<five percent of the drivers who do not’
stop enter the intersection within 4.5 seconds of the onset of 'yellow regard-

1ess of the1r approach speed
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III. FIELD EVALUATION PLAN

The objective of the field studies was to evaluate the three most
promising innovative active warning devices, identified in the laboratory-
study, under normal traffic conditions at existing railroad-highway grade
crossings. The three devices selected forlfﬁe]dlevaJuation were: (1) the
. four-quadrant gates with skirts; (2) the four-quadrant- flashing 1ight signal
-system with red strobe Tights over the traffic lanes; and.(3) the highway
traffic signal system w1th a white bar strobe’ in front of each red signal
lens. This chapter presents the study approach used in the field eva]uation
study as we]] as the plan for data collect1on and reduct1on S

Study Approachr;L

A before-and-after studyvapproach was used to evaluate the three innova-
tive'attive‘warning devices. That js; performance data nere collected at
existing crossings with standard active warning devices and then again at the
same crossings after the standard warning devices had been replaced with the
innovative devices. This approach minimized the effects of site differences,
and allowed a direct comparison between the innovative devices and the

standard devices currently used at the crossings.

Data Collection Plan. Each of the innovative devices was evaluated at
one of three railroad-highway grade crossings in the Knoxville, Tennessee
area (chapter IV describes the study crossings and presents details on design
and installation of the innovative devices). Table 4 summarizes the before-
and-after data collection plan, showing the device assignment to the study
sites and the schedule for collection of the driver behavior data at the

three crossings.

The first set of studies was termed "existing condition studies" and was
conducted prior to the installation of the new active warning devices. This
phase of the data collection was used to quantify existing driver behavior
and served as a reference point to which future observations could be com-
pared. The second and/or third set of studies were termed "improved con-
dition studies" and were conducted after the installation of the new active
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Table 4. Data collection plan for field study.

Crossing

Existing Condition
(Spring 1985)

Improved Condftion
(Spring 1986)

Impfoved Condition
(Summer 1986)

Cherry Street

Ebenezer Road

Cedar Drive

' Two-Quadrant Gate

and Flashing Light
Signa] System

Two-Quadrant
Flashing Light
Signal System

Two-Quadrant
Flashing Light
Signal System

without Predictors

Four-Quadrant Gate
and Flashing Light
Signal System

Four-Quadrant.
Flashing Light
Signal System
with Overhead
Strobes

Two-Quadrant
Flashing Light
Signal System
with Predictors

Four~Quadrant Gate

and-Flashing Light
Signal System

.. Four~Quadrant

Flashing Light
Signal System
with Overhead
Strobes

Highway Traffic
Signal System
with Predictors
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warning dev1ces Resu]ts from the improved cond1t1on studies were compared
to the ex1st1ng cond1t1on stud1es (to determ1ne whether the new dev1ces were
more or 1ess effect1ve than the o]d ones) and for certain performance mea-
sures to each other (to determ1ne the re]at1ve effect1veness of the new :

dev1ces)

‘ The f1rst set of cross1ng stud1es was conducted in the spr1ng and summer
of 1985. The new dev1ces were then 1nsta11ed After a 1- to 2-month fam11-
1ar1zat1on per1od the second set of stud1es was conducted 1n the w1nter and
spr1ng of 1986 The purpose of this de]ay was to ensure that the behav1ora1
data be1ng co11ected did not conta1n dr1ver responses due to unfam111ar1ty
with the new dev1ces The th1rd set of studies was conducted dur1ng the
summer of 1986 for the purpose of determ1n1ng whether the effect1veness of

the new dev1ces changed w1th t1me

Care was taken to ensure that cond1t1ons at the study cross1ngs d1d not
‘change dur1ng the studies. Traff1c and train vo]umes were cont1nuous]y ’
mon1tored Also, before any data were co]]ected atl advance warn1ng s1§ns
and pavement mark1ngs were upgraded SO as to be in comp11ance'w1th the'
gu1de11nes conta1ned in the MUTCD (1) In add1t1on a11 act1ve warn1ng
dev1ces were proper]y a11gned and subJected to rout1ne ma1ntenance pr1or to
the conduct of each study. o

Sample Size Considerations. For each study at a particu1ar crdséiﬁgf
data were collected for a minimum of 30 train cross1ngs Inc]ud1ng equ1pment
setup and takedown time, a minimum of 1 month (2 person- months) was est1mated
for each of the data co]]ect1on periods at the three sites. However, 1arger
samples, weather de]ays and/or equipment ma]funct1ons s1gn1f1cant1y 1n-
creased the t1me requ1rements and 3 to 4 months (6 to 8 person- months) were
_actua11y expended for data co]]ect1on dur1ng each study phase at each of the
three s1tes A]so a minimum of 2 months (4 person months) was requ1red to
reduce and analyze the data from an 1nd1v1dua1 study Therefore approx1-:

mate]y 5 months (10 person- months) were requ1red for each study per1od

Environmental Conditions. Although it would have been desirable to

evaluate the effectiveness of each device under a wide range of weather
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and/or ambieﬁtllightlconditions, it was not feasible to do so given the
‘fiscal and time constraints of‘the'project. To start with, one cannot
acéuréte]y predict the weather. For exahp]e,‘tﬁere‘was no guérantee that it
would not rain on the days scheduled for data collection. Even ff if did,
there might have been a difference in the rainfall's intensity and its
corresponding effect on visibility. To wait for_usable wet weather con-
ditionsito occur might have résq]ted in an endless study. On the other hand,
waiting for godd weather during certain time‘perfods would also have delayed
'fhé data collection effort. Therefore, as both conditions occurred in the
real world, data were collected under whatever weather conditions existed at
the4tfme as 10hg‘a§'visibf1ity was such that the data could be collected.

‘Ambient 1i§ht1ng conditions were a little easier to control as the two
conditions studied were simply day and night. There was no attempt to change
the external 1ighting level at any of the three crossings. As a result, the
final data set contained observations during both dqy and night conditions in
prqport%on‘to the number of train arrivals during these time‘per{ods. >It was
anficipated that the night time sample sizes would be smaller because of
Tower train and traffic volumes; however, their size was expected to be
adequate for comparison purposes. It was also anticipated that even if the
total number of tr&fn crossings in the befofe and after conditions were not.
equal, the day and night proportions of the two data sets would be approxi-

mately the same.
Méasufes of Effectiveness

Realistic field evaluation of the three innovative active traffic
control devices was dependent‘upon‘seTection of suitable MOEs. To avoid
inf1uencing drivers and hence'inf1Uencing their responses, MOEs were selected
wHich could be‘ébtained with a minimum of interference and detection by
driVérs. In addition, on]y common]y-accepted,. safety-oriented driver
performance measures wefe considered. As a result of these considerations,

the MOEs selected for evaluation were as follows:
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e Speed profiles.

‘e~ PBRTs.

o Maximun deceleration ]evels.'-
e Violations. |

e Vehicles crossing.:

Looking behavior, -the other grade crossing MOE cited in the 11tera£ure Was
not used in this study as it is not particularly meaningful in eva]uat1ng
active warning devices. Look1ng behavior data would also have been very
d1ff1cult and costly to obtain.

The genera] hypotheses tested in the field studies were that when
compared to the existing warn1ng dev1ces the innovative devices would result
in: (a) quicker driver PBRTs; (b) fewer undesirable and/or uncomfortable
dece]erat1ons (c) fewer violations; and (d) fewer vehicles crossing in front
of the tra1n Thus, the overall null hypothesis was that there was no
d1fference in driver performance measures when comparing response to the
exisfﬁng st@ndard devicé with résponse to the innovative device under study.
Rejettion of this null hypotheSis would suggest an increase in the con-
spicuity of and respect for the innovative active warning device. The .
specific bomparisons that were made and procedures that were fol]owed in
determining the effectiveness of the different devices are described in the

following sections.

| Speed Profiles. Speed profile data were evaluated for each of the
innovative dévices, and compared to similar data collected before installa-
tion of the device (i.e., under the existing conditions).v‘{n addition, a
max imum dece]eration level was computed from each individual speéd -profile.
‘These values were then tabulated and plotted as a cumu]at1ve frequency
d1str1but1on The number of drivers accepting an undes1rab1e level of

deceleration (greater than 8 ft/s ) was also used for evaluation purposes.

In each of the previously described comparisons, the Kolmogorov;Smirnov
(KS) goodness of fit test was used to determine whether or not any obseryed
differences in distributions were statistically significant.(42) This test

40



was selected over the chi-square test because of its-treatment of individual
observations separately--thus, not losing information (and power) because of
grouping as the chi-square test must sometimes do. The KS two- sampie test is
a test of whether or not two independent samples have been drawn from popula-
tions with the same distribution. If in fact they have, the cumulative
distribution of the two samples should be fairly close to one another. If on
the other hand they have not, the differences in the distributions should
exceed a critical value at some p01nt The 1atter condition suggests that
the samples come from different popu]ations and was ev1dence for reJecting
the null hypotheses, i.e., there was no difference in driver performance
between existing and improved conditions.

Perception-Brake Reaction Time. In addition to the average speed
profiies ‘for the different categories of dev1ce type and 1mprovement con-‘
dition, each driyer' s total PBRT was caicuiated PBRT was defined as the
difference in time between activation of the warning dev1ce and activation of
the vehicle's brake 1ights. A clock superimposed on the £11m permitted the
caicuiation of:eiapsed time. Only those vehicies whose brake ]ights were
activated were included in the data set. As the observations were not
necessarily expected to be normaiiy distributed nonparametric techniques“in
the Statisticai Ana]ysis Systems (SAS) program were used to ascertain whether
or not “observed differences were statistically 51gn1f1cant (43) -

Nonparametric techniques such as the Mann-Whitney U test for two inde-
pendent samples and the Kruskal-Wallis test for two or more independent
samples are good and relatively powerfu] alternatives to the usual “t" and
anaiy51s of variance tests for equaiity ‘of means. (44) These tests assume
that the underlying variable on which the samples are being compared is
continuousiy distributed and avoid the assumption that they also be normally
distributed. The null hypothesis to be tested is that the population dis-
tributions are identical. Rejection of this hypothe51s indicates that the
samples came from'different popuiations, i.e., differences'in‘mean PBRTs
observed in response to aiternative active warning devices are statistically
significant For this particuiar driver performance measure, the foiiowing

compari SOHS were made
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e Existing and improved conditions at the Cherry Street crossing.
. Existing and improved conditions at the Ebenezer-Road crossing.” <"

" ‘e " Existing and improved conditions at the Cedar Drive crossing.

- VfoIations V1o1at1ons were eva]uated for each 1nnovat1ve device
however the def1n1t1on of a v1o1at1on was d1fferent for each type of
dev1ce For four quadrant gates with sk1rts, v1o]at1ons occurred whenever
motor1sts e1ther drove around the gate arm in the down pos1t1on or co]lided
w1th the gate arms as they were coming down. For the f]ash1ng 1tght s1gna1
system a v101at1on occurred whenever dr1vers who could reasonably stop 1n .
response to the warnlng device fa11ed to do so. In this ana]ys1s it was |
assumed that vehicles farther than 5 seconds from the cross1ng at the time of
device act1vat1on were capab]e of reasonab]y stopp1ng, however because of
the. difficulty in determining whether or not a: veh1c1e came to a comp]ete

(35)

For the h1ghway traff1c s1gna1 system, v1o1at1ons occurred whenever vehlcles

stop, v1o]at1ons were not counted for the flash1ng 11ght s1gna1 systems
proceeded through the crossing when the s1gna1 head d1sp1ayed a red 1ight

The number of v1o1at1ons (1 e. motor1sts dr1v1ng around a. 1owered gate
arm or crossing when the h1ghway traff1c s1gna1 d1sp1ayed a red) that occur-
red for each train crossing were manually counted from videotapes. Like
conditions were aggregated, and average violation rates per. cross1ng were
computed for each application. As with the other measures of effect1veness
comparisons were made between the d1fferent cond1t1ons at each cross1ng The
ana]ys1s procedure for this measure was exact]y the same as those described
for PBRTs.

Veh1c1es Crossnng A The number of veh1c1es cross1ng was. the f1na1 MOE
used to eva]uate the re]at1ve performance of the 1nnovat1ve act1ve warn1ng
dev1ces. It was . def1ned as the total number of veh1c1es cross1ng the tracks
-between activation of the warning devices and the tra1n s arriva] at the.
crossing. The number of vehicles crossing were manua]]y counted from the
‘v1deotapes and.then, for comparison purposes, subdivided into those that
occurred within 10 and 20 seconds of the train's arrival at the crossing.

Specifically, vehicles which crossed within 10 seconds of an oncoming train.
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(CL10) ‘were considered an indication of risky behavior as this represents a
level of driver‘performancé in which there is little, if any, room for error.
This value was based on 2.5 seconds of perception-reaction time, a 20 foot
long veh1t1e stért1ng from a stop 20 feet away from the crossing, accelerat-
ing at a normal rate of 4.8 ft/s , and clearing a point 20 feet on the far
side of the cross1ng, 2.5 seconds before the train's arrival. (45,46) Vehi-
cles whiqh crossed within 20 seconds of an oncoming train (CL20) were consid-
eréd“?hmfﬁd1ca£f0nﬁof aggressive behavior as this was thought to represent a
15V€f Of'driver:pgfformance in which there is some, but not much room for
dr1ver véhic]e} and/or warning system error. The MUTCD appears to address

(11)

th1s point by requiring a minimum warning time of 20 seconds.

i"mUsihg the aforementioned definitions, it was possible for a single
maneuver to be ¢lassified as a CL10 and a CL20 as well as a violation. For
gxqﬁﬁTe; dﬁ1Vin§-aﬁ6und‘a lowered gate arm within 10 seconds of a train's
éfffvd1”wou1d'bé counted as a CL10, a CL20, and a violation; driving around a
16Wéﬁ€&‘gateraﬁﬁubetween 10 and 20 seconds ofrthe train's arrival would be
courited ‘as a CL20 ‘and a violation; and driving around a lowered gate arm at
least 20 seconds prior to the train's arrival would be a violation. The
ana]ys1s procedures for CL10s and CL20s were the same as those described for
PBRTs )

; Dat&mealféctidnﬁand‘Réduction

The key to determ1n1ng motorist response to the activat1on of an active
warn1ng device was to obtain accurate and pertinent data on driver behavior
in the decision zone, i.e., that area where the driver must decide to either
stop or proceed through the crossing. Previous behavioral studies have
relied on data frém field observers, tape switches, and/or time-lapse movie
cameras ‘to determine looking behavior, reaction times, and speed distance
profiles of drivers in this zone. (20:22,23,28)  pocp of these techniques was
1imiféd‘by the fact that usable data could only be co]}ected when the warning
device was activated by an approaching train, and this may only happen 10 to
15 times per day. Thus, either large amounts of extraneous data are collect-
ed or the data collection team spenas most of their time waiting for some-
thing to happen. In addition, the collected data must be reduced manually.
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Consequently, the gathering of large data bases is very costly and time "
consuming. o I '

The data collection and reduction procedures used in“this study were ‘an
attempt to overcome some of these 1imitations;'hdwever,'as'is‘éxpﬂainéd”‘”*
later, the procedures actually used were far more labor intensive than -t
originally anticipated. Basically, data were ‘automatically recorded on '
portable video recorders whenever a train was approaching the crossing and’
partially reduced by an image processing and pattern recognition process.’ -
The following subsections describe the equipment that was utilized and the
methodology that was employed for data collection and reduction.

Video Recording System. Three complete video recording Systems'weﬁeﬂfﬁ
used for the field studies. - Each system could be operated on rechargeable”"
storage batteries or, with the appropriate adaptor, from either -a 110-volt ‘AC
or 12-volt DC power source. Fully charged batteries provided approximately 2
hours of continuous recorder operation and alternative power sources pfbVided
for even longer periods of operation. As this last option was desifabléﬂand
because of their portability, deep-charge marine batteries were chosen as the
power source for the data collection system. The recorders were also port= .
‘able 'and used standard 1/2-in T120 VHS cassettes. The recorders could %

- operate in a temperature rahge of 32-104 °F and relative humidity range:of -
approximately 32-80 percent. i L

The video cameras used with the recorders were black and white closed
circuit television cameras that weighed 2 pounds each. They utilized vidicon
tubes with an automatic 1ight range of 100,000 to 1, thus providing high -
quality video under both day and night lighting conditions.‘ The cameras
operated on 12-volts DC-and used the recorders as a power source; therefore,
they were only energized when the recorders were activatedh‘ The cameras were
more rugged than the recorders as evidenced by their operating environment of
0-140 °F and 0-95 percent relative humidity.

Detection System. It was necessary to obtain a train presence signal in
advance of the railroad's train detection signal in order to record the.
‘events immediately prior to the activation of the warning device. For this
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reason, a train detector which emitted an infrared light beam and detected
its return from a reflector located across the tracks was utilized. To
minimize vandalism, the train detector was located 8 to 10 feet above the
tracks. When a train broke the beam, the detector -transmitted an encoded
camera activation signal followed by an audio timing signal. Detectors were
located on each approach to the crossing such that the activation signal was
transmitted at least 10 seconds prior to the train activating the active
warning device at the crossing. . The :detectors were powered by batteries -and
as shown in figure 12, their construction was such that they could be trans-

ported between study sites.

 The video recorders and cameras were activated by the receipt and
decoding of the encoded,activation signals from the train detectors. Minor
modifications to the three decoders used in the laboratory study allowed them
to be used in the field study. Each decoder consisted of a command tone
decoder. and several timing circuits. One decoder and one CB receiver were
placed with each of the video recording systems. Four to 5 seconds after the
recorders were -activated, the timing signal was received and recorded on the
audio track of the videotape so as to provide a known reference point for the
three video records. This eliminated the possibility of analysis errors due
to any differences. in startup times between the three systems. The recorders
remained on for :approximately 2-1/2 to 3 minutes, allowing time for slow
trains to‘reach the crossing. In addition, the recorders could only be
activated once each ten minutes so that the activation signal transmitted as
the train reached the downstream detector would not cause a second activation
of the video recording system. A detailed description of the electronic and

communication aspects of this system is contained in a research report.(47)

" "'Equipment Setup. FEach camera was located at as high an elevation and as
far" from the centerline of the roadway as possible. Physical constraints
1imited the mounting height to about 20 feet and the lateral distance to
about 60 feet; therefore, three 20-foot mounting poles were built. As shown
in figure 13, each pole was mounted on a combination box- and pyramid-shaped
base. " The camera was mounted inside the weatherproof housing at the top of
the pole so as to protect it from the environment. The pole itself was

hollow and served as a conduit for the connecting cables between the camera
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Figure 13. Pole-mounted camera installation.
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and récorder, and the antenna and CB receiver. The base of the pole provided
a secure location for the video recorder, command tone decoder, CB radio, and
12-volt battery. Construction was such that the entire setup could be eaéi]y
dismantled and transported between field study sites. At the individual

sites, concrete anchors were pre-installed so that the polesvcou1d be bolted

into place.

A1l three video recording systems and mounting poles were used at each
field site. The first unit was located approximately 300 feet from the
crossing, the second approximately 500 feet from the crossing, and the third
approx1bate1y 700 feet from the crossing. The cameras were_aimed towards the
crossing and had overlapping fields of view. This arrangement allowed for
maximum video resolution in the areas where drivérs were expected to react to
the activated signals. A typical setup for the field studiesnis illustrated
in figure 14. Note that physical conditions at the cfossing required that
one or more of the mounting poles be located on the left side of the roadway.
In factivthe three crossings sé]ecfed for this study.required'three different

;ombina;ions of right and left mountings.

Data Reduction. - Tapes were removed from the recorders and blank ones
loaded at intervals dependent upon the train volumes at the crossing. For
example, if each tape could store 30 to 40 train arrivals and the expected
arrival rate was 15 trains per day, tapes would have to be changed every
other day. Such a schedule worked well as the batteries for the train
detectors and video recording system had to be swapped out and recharged at
least every 2-3 days. However, even though it was possible to operate
unattended for several days, all parts of the data collection system were
checked on a daily basis so as to ensure their proper operation. Once a tape
had been picked up, it was taken to the University's T1-990/42 computer lab

for processing.

The first step in the data reduction process involved 1ogging the basic
information that was on the tapes. This included items such as whether the
activation was a result of a train or a false alarm, the lighting and envi-
ronmental conditions, and the train's direction of travel and time to arrive
at the crossing after the warning devices were activated. Those aciivations
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recorded by ali three cameras were cop1ed onto master tapes in the order 1n
which they were observed. Act1vat1ons not recorded by all three cameras were
copied onto a separate:set of master tapes. The master tapes were then used
to obta1n the dr1ver behav1ora1 data of 1nterest

'The master tapes were replayed on one of ‘the video recorders and viewed
on a specially modified video monitor: The only requiremént placed on the
recorder/playback unit by this activity was -that it have the capability {0
freeze action by v1ewing a sing]e frame on the tape. The recorder was con-
nected to the video monitor and a small electronic control box that generated
a visible marker or cross hair on the monitor's screen A'set of 11ght-‘
em1tt1ng diodes d1sp1ayed the X-y coordinates of the’ cross “hair's pos1t1on ‘on

the screen to an accuracy of 8 bits (one point in 128) “"Four push buttons

‘a]lowed the user to move “the cross ha1r to any pos1t1on on the screen

When view1ng the ind1ridua1‘act1vations‘(records) 6n the master taoes;
the tape was advanced'until the warning devices were activated. The frame
number at which this occurred was recorded and served as the reference point
for further calculations. An outstanding feature of the vehicle closest to
the crossing at this point in time was selected and the cross hair moved" to
that point on the screen. The vehicle's identification number, the coordi-
nates of the cross hair, and the picture's frame number were recorded on a
supplementary data sheet. The cross hair was then moved to a posit1bn’Whtch
corresponded to a fixed distance on the roadway'and the tape was advanced
until the identifying feature on the vehicle reached the same position
whereupon ‘the new coordinates and frame number were recorded. This procedure
was repeated until the vehicle either cleared the crossing or stopped for the
train. If the vehicle did not stop; the tape was rewound to the reference”
point and the same data were entered for the next vehicle approaching the
crossing. These steps werevrepeated until the first'stopping vehicle was
observed. Further data was of no interest as subsequent vehicles had no

choice of whether to stop or go

As there was a constant time between fields (1/60 of a second), speed
was determined by using the known distance between coordinates on the screen

and dividing by the number of fields it took the vehicle to travel between®
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these points. (In the National Telev1s1on Standards Committee format, two.

. f1e1ds constitute one frame ). Match1ng phys1ca1 d1stances on the roadway to
.coordjnates‘on_the screen was accomplished by driving a test car through each
camera's field of vieu at a.constantaspeed.) The,testduehiclefs pos{tfon was‘
recorded every 5 to 10 fields as it moved across the screen, and the known
,speeds_and time were_used to calculate thezdistances“for.thoselcoordﬂnates.
To.account for user .error, several -readings were made and a curve fitted to

the resultant data set, thus creating a map .of the screen. .

. Other types of dr1ver behav1ora1 measures, such as PBRT and the number of
“v1olat1ons and. veh1c1es cross1ng were manua]]y recorded as the master tapes
were being viewed _.PBRT was s1mp1y the number of f1e]ds between act1vat1on
rof the warn1ng dev1ce and act1vat1on of the veh1c1e s, brake 1lght d1v1ded by
60. V101at1ons and veh1c1es cr0551ng (i.e. CL10 and CL20) are def1ned in a
previous sect1on and refer to the c1oseness of a veh1c1e s crossing in front
of the train's arrival. By using these definitions and noting the‘yeh1c1e s
crossing timeiandhthe train's_arrtya]_time, their:numbersand,rate uere,

‘ca]culatedb,.ﬁ
Summary,

Dr1ver behav1or data at three cros51ngs were co11ected w1th the use of
;three pole-mounted video caméras, with each camera cover1ng approx1mate1y 300
feet of roadway with overlapping f1e1ds of view. . The video recorders were
automatically turned on prior to the activation. of the warn1ng dev1ces and.
ran for approx1mate1y 2-1/2 to 3 minutes. . For each study at a part1cu1ar,.
;cross1ng, data were co]]ected for a minimum. of 30 trains.  One ex1st1ng and
one 1mproved cond1t1on study was conducted at each of the three study s1tes

_ Data tapes were taken to the Un1vers1tyrs computer 1ab for process1ng
The tapes were transferred to and p1ayed‘back on a h1gh qua11ty v1deo repro-
ductive machine that cou]d stop action and produce sequent1a1 scenes sepa<
rated by 1/60 of a second. Speed profiles were determlned by using succes-
sive. frames and noting the distances that the veh1c1e had traveled between
‘ﬁrames.,‘51nce.the cameras were fixed, any point on the veh1c1e moved on.a

surface dictated by the roadway. By use of an e1ectronlc_cross hair, the
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coordjnatas ofﬂth1§5referencé‘point‘were‘ca1cu1ated for successive frames and
manually recorded. This information was used.to-construct each. individual - .
vehicle's speed-distance profile. ..

-
NP

" and v101at1on and veh1c1e cross1ng rates in. response. to device act1vat10n

.. Statistical: compar1sons of these ‘measures were made. between both dev1ces and

. conditions. The genera] hypotheses tested were. that installation of these-.

- new -devices 1mproved the consp1cu1ty of and compliance with active warning.-
devices at railroad-highway" grade crossings, thus providing for safer,opera:f
tions at the crossing. ‘
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IV. FIELD SITE SELECTION AND STUDY PREPARATION

‘ In order to evaluate the three act1ve warn1ng dev1ces se]ected for field
" “study under normal traffic cond1t1ons at ex1st1ng crossings three railroad- \
xfh1ghway grade crossings were necessary. In1t1a11y, potent1a1 f1e1d study
‘351tes were considered from a list of cand1date cross1ngs 1nlfliino1s Tennes—
‘3see, and Texas; however, after careful rev1ew and several site v1s1ts it was
“decided that the more remote sites should be dropped from further cons1dera-
fit1on ‘as suitable crossings existed in the Knoxv111e area Benef1ts of this
iﬁdec1s1on were the ability to m1n1m1ze the costs of the data co]lect1on effort
1land more importantly to respond rap1d1y to any mechan1ca1 and/or e]ectr1ca1
ﬂrproblems which might occur. This chapter descr1bes the study sites and the

“design, construction, and installation of the new warn1ng devices.
"Field Study Sites

For a crossing‘to have been considered fnithe‘fnitial phase’ of the field
test, it was necessary that it have a relatively high train and traffic
.volume, have a history of at least some accidents and have act1ve warning
fdev1ces already in place (at least one site had to have automatic gates at
- .the crossing). Several sites which met these criteria were 1dent1f1ed, and
requests for permission to use them were made to the responsible railroad.
‘Favorable response for use of three crossings in the ‘Knoxville area was
“received from the Southern Railway System. Each of these 1ocat1ons was
within 7 percent of the top of the hazard ranking for the 4,168 public
railroad-highway grade crossings in Tennessee. A tabular description of the
characteristics of these sites is contained in tab]e 5. The following

subsections describe the three crossings in greater detail.

‘ Cherry Street Crossing. The crossing (Inventcry Number 730584K) se-
lected for four-quadrant gates is located in the eastern part of Knoxville on
Cherry Street. The existing active warning devices at the crossing were
automatic gates, standard railroad flashing light signals, and a bell. It
was ranked as the 223rd most dangerous crossing in the State. As shown in
figure 15, the roadway was four lanes wide and straight and level on both
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Table 5.

Summary description of three field study locations.

Physica]zDescriptions

Crossing Location

Cherry Street

Cedar Drive

Ebeneezer>Road

Number of Traff1c
Lanes

Horizonta1gA1jgnméntf

Vertical. Alignment o

Sight Distance
Obstructions

Average Daily Traffic
Posted Speed Limit
Number of Tracks
Thru Train Volume
Train Speeds

Number of Accidents
(previous 5 years)

4--2 in each

direction

- S--straight

- N--straight
S--level
N--Tevel

N--1 quadrant
S--none

14,000 vpd
30 mi/h
2
10 tpd
20-40 mi/h"
1

2--1 in each

direction
E--stréightug,
W--straight -
E--level
W--downhill

E--1 quadrant
W--2 quadrant

14,000 vpd
40 mi/h
1
16 tpd
5-40 mi/h
3

2--1 in each

~direction
" N--curves
" 'S=-curve
“N--uphill
S=-level

N--1 quadrant
$--2 quadrant

10,000 vpd
40 mi/h
1
10 tpd
5-55 mi/h
1

Flashing Lights, Flashing Lights, Flashing Lights
Bell, Automatic Bell, and Pave- "~ and Bell
‘ Gates, and Pave- ment Mark1ngs ‘ ‘

ment Mark1ngs » :

Warning Devices

Note: N, S, E,‘and W refer to direction of vehicular traffic. Number
of accidents refers to previous 5-year period as this was the reporting
requirement for the national inventory.
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Looking south

Figure 15. Cherry Street crossing.
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approaches to the crossing. . There was a building in the southwest quadrant
which could obstruct a northbound driver's view of eastbound trains. The
average daily traffic at this site was approximate]y 14,000 vehicles per day,
and the average thru train volume was approximately 20 traihs per day. The
speed limit on Chérry Street was 30 mi/h, and train‘speeds at the crossing
ranged from-ZO to 40 mi/h. Although only one car-train accidént had occurred
at this 1ocation‘in'the past 5 years, large nUmbers of motorists were ob-
served driving‘arouhd lowered gate arms at this sité.  Thfs type of behavior
made the Cherry Street crossing a potentially dangerous crossing. Four-

quadrant gates with skirts were installed at this location.

Implementation-of the new.system required the installation of an addi-
tional pole, -electric motor, and gate arm support and counterweights in both
“the southwest and northeast duadrants. A 30-foot gate arm with skirts was
then attached to each of the four support arms. Thus, the entire roadway was
blocked in both directions whenever the gates were down. To avoid the
possibility of trapping vehicles between the gates, a delay in the downward
motion of the offside gate arm was incorporated into the system. In addition
to the changes in the gate arms, railroad f1a§hing light signals with 12-in
roundels were insta]]ed in all four quadrants. . The existing bell and raii-
road advance warning signs were left as they were; howeVer, the pavement

markings were repainted so as to be more visible to approaching motorists.

Ebenezer Road trossing;'FThe crossing (Inventory Number 731461C) se-
lected for the- four-quadrant flashing Tight signal system is located in the
western paft of Knox- County on Ebenezer Road. The‘éxisting active warning
devices at the crossing weré standard railroad flashing light signals with
8-3/8-in roundejs and a bell. It was ranked as the 276th most dangerous
crossing in the Stéte. As shown in figure 16, the roadway was two lanes wide
~and its horizontal and*vertfca] alignments limited the crossing's visibility
from both directions. Several other sight distance obstructions on both
approaches also limited the driver's view of approaching trains. The average
daily traffic at this site was approximately 10,000 vehicles per day, and the
average thru train volume was approximately 10 trains per day. The speed
1imit on Ebenezer Road was 40 mi/h, and train speeds at the crossing ranged

from 5 to 55 mi/h. Additionally, one car-train accident had occurred at this
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Looking south

Figure 16.

Ebenezer Road.
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location in the past 5 years. The four-quadrant flashing light system (with

overhead strobes) was installed at this crossing.

Implementation of the new system required the existing 8-3/8~in flashing
1ights located on the right of approaching motorists to be replaced by 12-1in
flashing lTights. Two new post-mounted 12-in flashing lights werelinstalled
on the left of approaching motorists. An additional pole for mounting the
strobes was installed in each quadrant, and cables were strung above and at
right angles to the roadway. Two red strobe lights per approach, one cen-
tered over each traffic lane, were attached to each cable. As neither
railroad advance warning signs nor pavement markings were present, they were
installed in accordance with the guidelines contained in the MUTCD prior to

any data being co]]ected.(ll)

Cedar Drive Crossing. The crossing (Inventory Number 730643K) selected -
for the highway traffic signal system is located in the northern part of
Knoxville on Cedar Drive. The existing active warning devices at the cross-
ing were standard railroad flashing light signals with 8-3/8 in roundels and
a bell. It was ranked as the 31st most dangerous crossing in the State. As
shown in figure 17, the highway is two lanes wide and straight on both
approaches to the crossing. The vertical alignment on the westbound approach

.Timited a motorist's visibility of the crossing itself. In addition, the
thick vegetation in the vicinity of the crossing restricted the driver's view
of approaching‘trains. The average daily traffic at this site was approxi-
mately 14,000 vehicles per day, and the average thru train volume was approx-
imately 10 trains per day. The sbeed 1imit on Cedar Drive was 40 mi/h, and
train speeds at the crossing ranged from 5 to 40 mi/h.. As evidenced by its
hazard ranking and the three car-train accidents that occurred at this site
in the past-5 years, this was an extremely hazardous 1ocation; The.highway
traffic signal system with white bar strobes in front of each red signal lens

was installed at this crossing.

Imp]eméntation of the new system required the installation of two new.
poles and mast arms for mounting the traffic signals. The existing poles,
crossbucks, flashing light signals, bell, and pavement markings were removed.

The railroad advance warning signs were replaced by active advance warning
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o Looking west )

s , ‘ Figure 17, Cedar Drive crossing. :
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signs indicating a signal ahead. Each sign was supplemented by two continu-
ously flashing yellow light signals. For improved visibility, a 12-in lens
was used in all signal heads, i.e., traffic signals and flashers. An auto-
matic-start, 5,000-watt electric generator was installed as the backup power
source for this system. In addition, predictors were installed prior to the
traffic signal's installation so as to provide shorter and more consistent

warning times at the crossing.
Prototype Construction

Although the three active warning devices selected for field evaluation
had been operated in a laboratory environment, several improvements in their
design were necessary before they could be 1nsta11ed at an actual crossing.
The guidelines fo110wed in construct1ng the prototypes for the new warning
devices were that where poss1b1e they be similar ‘to and 1n conformance with
existing trafflc contro] dev1ces simple to maintain: and construct and at
least as operat1ona1]y reliable as existing active warn1ng devices i.e.,
fail-safe. ,Thus,‘whenever possible, commercially ava11ab1e and fie]d proven
components were used in each system's construction. Add1t1ona1 benefits of
this philosophy were the relatively low development cost for the three new
warning systems and the subsequent prompt approval by the National Advisory
Committee on Uniform Traffic Control Devices for their installation and
evaluation over a 12-month time period. Design and construction of the three

warning systems are discussed in the following sections.

Four—Quadrant Gates with Skirt System. The four-quadrant gates with
skirts system selected for field evaluation in the laboratory phase of the
project is illustrated in figure 18. As shown, standard post-mounted flash-
ing light signal assemblies with 12-inch roundels and short-arm gates were
installed in each of the four quadrants. In addition, railroad advance
warning signs and pavement markings were placed in conformance‘with guide-
lines in the MUTCD.(ll) However, because of the four-quadrant configuration,
the recommended flash pattern for the three lamps on each gate arm was
changed from steady burn for the "tip" lamp and alternate flash for the other
two lamps to steady burn for the roadside edge lamp and alternate flash for |

60



Figure 18. Four-quadrant gate and flashing 1ight signal
system recommended for field evaluation.
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the two over roadway lamps. Each of these components was incorporated in the
prototype's design. '

The only significant change between laboratory and field studies was in
the design of the gate arm and skirt assemblies shown in figure 19. In the
laboratory study, the skirt assembly utilized uniformly spaced vertical
strips and a horizontal bar at the bottom. The top horizontal bars were
standard fiberglass gate arms which could be adjusted from 20 to 26 feet in
length. Vertical strips were spaced 8 inches apart (10 inches from center to
center) and made of 1/8-in thick aluminum plating. Each strip was 2 inches
wide and 30 inches long. The bottom horizontal bars were made of 2-in by
4-in aluminum studding 10 feet in length. Sixteen-in strips of red and white
reflectorized, high-intensity sheeting were taped onto ‘the vértica] strips as
well as the bottom horizontal bar. Thus, in addipionito the skirt assembly
appearing as a more formidable obstacle than a,horma] gate‘afm, the addition-
al reflectorized material greatly increased the wafning device's conspicuity
(the reflective surface of the gates with_skirts is approximate1y six times

greater than that of a normal gate arm).

Although this particular design worked well in the laboratory study, it
was not suited for field evaluation at an actual railroad-highway grade
crossing for several reasons. First, because the connectors for the horizon-
tal bars and vertical strips were designéd to facilitate changing between
alternative configurations in the laboratory study, they were not reliable on
a day-to-day basis; the whipping action caused by.gusts of high wind would
routinely disconnect several of the vertical str%ps. In addition, repeated
use tended to twist and subsequently bind the connectors such that the skirt
assembly would not drop properly when the gate arm was lowered. Second, in
the upright position, the vertical strips tended to overlap and lay on top of
one another, thus creating numerous long, flat surfaces susceptible to snow
and ice accumulations, and possibie adhesion to one another. Such an event
could hinder their dropping properly and add significant weight to the gate
arm and skirt assembly. Finally, standard aluminum or fiberglass gate arms
(single bar designs) were not rigid enough to support the length of skirt
assembly (24 feet) required at the Cherry Street crossing. However, standard
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Fiqure 19. Close-up of the skirt assembly for the four-quadrant
gate and flashing 1light signal system.
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wooden gate arms (dual bars with steel cross bracing) could provide the

necessary rigidity.

To overcome these shortcomings, the design shown in figures 20 and 21
were adopted. The top horizontal bar was identical in shapé and size to a
standard wooden gate arm. This ensured that special mounting and/or adaptor
brackets would not have to be fabricated for the field studies. The gate
arms existing X-shaped cross braces were replaced by U-shaped ones to allow
~ the entire skirt assembly to fold inside the gatearm when in the upright
position (see figure 20). A1l horizontal and vertical members were made of
kiln-dried redwood, sealed and painted to industry standards, and covered
with 16-in strips of red and white high~intensity reflective sheeting.
Connections between members made use of bushings, spacers, and lock washers
to insure relijable operation of the entire assembly. The number of vertical
strips was reduced, and the remainder's spacing adjusted such that there was
no contact between them when the gate arm was in the upright position. The
resultant loss of reflectorized vertical surface area was compensated for by
the addition of a second horizontal bar (see figure 21). To preclude the
horizontal bars touching one another in the upright position, they were
mounted on opposite sides of the vertical strips. The prototype device was
30 feet in length, 3-1/2 feet in height (when in the down position) and
weighed approximately 140.pounds.

Four-Quadrant Flashing Light Signal System With Overhead Strobes. The
four-quadrant‘flashing light signal system selected for field evaluation in
the laboratory phase of the project 15’i1ldstra£ed in figure 22.  As shown,
‘standard post-mounted flashing 1ight signal assemblies with 12-in roundels
were installed in each of the four-quadrants. Railroad advance warning signs
~and pavement markings were placed in conformance with guidelines contained in
the MUTCD. (11) In addition to these standard devices, a rectangular shaped
(approximately 5 inches high by 7 inches wide) red strobe 1ight with a
120-degree horizontal spread was mounted over each lane of traffic (two per
approach);‘ Such a mounting required the addition of a 3-ft‘extension tube to
each of the signal poles and a pair of messenger cables above and at right

angles to the traffic lanes to support the strobes.
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" Figure 20. Gate arms in upright position at the Cherry
B ‘ Street crossing.

Figure 21. Prototype gate arm and skirt assembly installed
at the Cherry Street crossing.
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Figure 22. Four-quadrant flashing light signal system with overhead
strobes recommended for field evaluation.
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The strobe 1ights were powered by a 12-volt marine battery and activated
at the same time as the flashing light signals. Each directional pair of
strobe lights flashed alternately at 60 flashes per minute and 15 joules per
flash. The only difference between the devices used in the laboratory and
field studies was in the design of the strobes' mounting poles and their
power supplies. The railroad would not permit the extension tubeé to be
added atpop their poles or the strobes to be connected to the power supply for
their flashing light signals. Therefore, the prototype's design required
that, in addition to the poles for the flashing light signal assemblies, a
wooden pole, 20 feet in height, also be installed in each of the four quad-
rants. As shown in figure 23, the wooden poles were located approximately 5
feet further from both the roadway and tracks than were the railroad's signal
assemblies. Messenger and power cables were hung 18 feet above each approach
to the crossing and the power cables connected to each other by running them
down the pb]eé'énd‘undérnééth‘the tracks. Power for the strobe's operation .
was providéd»by‘a 12-v61tfmarinegbattery whibh.was continUously‘trickle
charged by af110-vo1t AC pqwerﬁdﬁop. The battery brovidedrprotection against

a commercial power. failure.

Highway,Tfaffig Signal System with White Bar Strobes in A1l Red Lenses. '
The highway'tfaffic signal system selected for field evaluation in the
laboratory phase of the project is illustrated in figure 24. As shown, three
signal heads faced each direction of traffic; two of the signal heads were
pole mounted, and the‘remainiﬁg‘one was cantilevered over a traffic lane.
Active advance warning signs indicating a signal dhead and stop bars placed
at the test installation were located in conformance with the guidelines in
the MUTCD and were the same as would be found at a regular street intersec-
tioé}J)Each signal head consisted of a 12-in red lens and 8-in yellow and
green lenses. The signal rested in green until it was activated whereupon it
changed to a 3.6-second yellow interval and then rested in red until it was
deactivated. The red signal lenses had horizontal white bar strobes in front
of them that flashed 60 times per minute whenever the red signal was illumi-

nated.

There were several minor differences betweer the prototypes used in the

laboratory and field studies. First, to increase conspicuity of the signal
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‘Figure 23. Four-quadrant flashing light signal system with overhead
strobes installed at the Ebenezer Road crossing.

Figure 24. Highway traffic signal system recommended for
field evaluation.
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itself, 12 inch ye]]ow and green signal 1enses were used 1n the field instal-
lation. In add1t1on the far-side pole- mounted s1gna1 was moved to a near-
side cant11ever mount as shown in figure 25. Thus, none. of‘the signal heads
were b]ocked by a tra1ns .presence at the crossTng.. Second,‘to eliminate the
poss1b111ty of the. contro]]er s timing dials ' sticking in green,
Electrical Manufacturers Associat1on eight-phase’ actuated contro]]er was used

" a National

for the field study 1nsta11ation Power for this 1nsta11at1on was provided
by a 110-volt AC power “drop. F1na11y, to protect aga1nst a commercial power
fai]ure,aantautomatic-staht; propane-powered genenatorvprovided a minimum of
24 hours of backup power. An exercise clock routinely”recharged the
generator's ignition battery so as to keep it.1n top operating condition.
Refueling and preventive maintenance were done;on a regular basis. Two
additional changes were a 4-second yellow clearance interval and a 10-minute
maximum for a solid red indication, after which the signal would change to a
-flashing red 1nd1cat1on Th1s Tatter feature was intended to address the
problems associated with stopped trains and/or detector malfunctions.

Summary

Three active warning devices for use at railroad-highway grade crossings
were identified by a detailed laboratory evaluation process as candidates for
field testing under normal conditions at actual crossings. Three crossings
in the Knoxville area were 1dentified as potential study sites.
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Figure 25. Highway traffic signal.system installed at the -~
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V. FOUR-QUADRANT GATES *ITH SKIRTS

As discussed in chapter IV, a large number of motorists disregarded the
standard two-quadrant gates at the Cherry Street crossing by driving around
lowered gate arms. Not only was this behavior illegal, it was also danger-
ous. The primary change in driver performance that was expected as a result
of the installation of the four-quadrant gates with skirts was the elimina-
tion of this type of behavior. As a result of this expected change in
behavior, the average clearance time between the last vehicle to cross and
the train's arrival at the crossing should also increase. Both behavioral
modificat1ons have implied safety benefits in that they provide greater
spatio-temporal separation between trains and motor vehicles. The antici-
pated secondary change in driver performance was better response to the new
devices (i.e., quicker PBRTs and lower dece]erat1on levels) as a result of
their greater conspicuity and more form1dab1e appearance however, differ-
ences in thesevperformance‘measures‘were not expected to be as easy to
quantify, and‘the related'safety‘benefits were‘not as straightforward.

The four-quadrant gates with skirts were installed at the Cherry Street
railroad-highway grade crossing during the week of October 14, 1985. Prior
to this time, the active warning devices at the croséing were standard two-
quadrant gates. Both train movement and driver behavior data were collected
for approximately 2 months before (March and April 1985) and 2 months after
(December 1985 and January 1986) the new devices were installed. During
these‘two time periods, 169 train movements were observed. There were 105
train movements observed in the before study (two-quadrant gates) and 64
train movements observed in the 'after study (four-quadrant gates with
skirts). For each observation, the environmental and 1ighting conditions;
train's direction of travel and warning time; and approaching vehicles'
clearance times, speed profiles, and brake reaction times were recorded and

subsequently analyzed.

This chapter describes the evaluation of the. two active warning devices
at the Cherry Street crossing, i.e., the original two-quadrant gates and the
subsequent four-quadrant gates with skirts. The first part in this process
is an assessment of the level of service at which the active warning devices
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were operating. This determination was based on average waiting time at the
crossing and was similar to.the level-of-service criteria for average delay

at signalized intersections presented in the‘1985 Highway Capacity

Manua].(48) Second, the driver performance measures for the two warning
devices are summarized and compared from both a statistical and practical
standpoint. Third, the safety implications of utilizing four-quadrant gates
with skirts are discussed. '

Crossing Measures

Warning Time. Warning time was defined as the difference in time
between activatfon of the flashing 1ight signals and the train's arrival at
the crossing. It is the same as the maximum time a motorist would have to"
wait between activation of the flashing light signals and a train's arrival
at the crossing. As there were no changes to the train detection system
itself when the four-quadrant gates with skirts were installed, there should
have been no difference in the average warning time observed in the two
studies. To verify this premise, the total data set from each study‘Was
first subdivided into observations that occurred during the day and observa-
tions that occurred during the night to ensure that similar train and traffic
volume conditions were compared. These two subsets, together with the total
data set, were then analyzed. ' | B

As shown in table 6, the mean and standard deviation of the warning
times from all three data sets were slightly less during the after study
(four-quadrant gates with skirts); however, the Mann-Whitney U test for two
independent, continuously distributed populations indicated that these R
differences were not statistically signifiéant at the 95 percent confidence
level for either the day, night, or total data sets.(44) This means that, as
expected, installation of the four-quadrant gates with skirts had no effect
on the warning times at the crossing. The Mann-Whitney U test also indicated
that th%re'was not a statistically significant difference at the 95 percent
confidence level between the day and night data sets from either of the two
studies. Thus, warning times were not different during day and night opera-
tion for either the two-qﬁadrant gétes or four-quadrant gates with skirts.
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Table 6. Warning times at the Cherry Street crossing.?

_ TwotQuédrant Gates

Day

Total

Four-Quadrant Gates with Skirts

Summary Statistics Night Day Night Total

Sample Size 7 K 105 - 30 34 . b4

Mean (seconds) 55.8] 61.49 57,65 5164 60.06 6.1

Standard Deviation 14.05 19.80 - 16.26 8.58 16.16 13.73

Range (seconds) 30-106 29-118 29118 38-75 30-94 L 309

Two-Quadrant Gates Four-Quadrant Gates with Skirts

o) T vas ™ ota arrivals Brcentage  Troun Mrrwals Total MEivals  Serceatage
0 0 0.0 0.0 0 0.0 0.0 -
20-30 2 1.9 1.9 0 0.0 00
30-40 12 11.4 1 13.3 2 3.1 Co31
40-50 16 15.2 "28.5 23 36.0 o391
50-60 39 31.2 65.7 22 3.4 73.5
60-90 B 31.4 911 16 50 . - ®5
>%0 3 2.9 1100.0 1 © 15 ©100.0

Total - 105 | xS '

1nine between activation of flashing lights and train’s arrival at the crossing.



It was hypothesized that the warning times observed at a rai]road4.
highway grade crossing have a major influence on driver performance, i.e.,
the longer the warning times, the larger the number of drivers who will
exhibit dangerous and/or illegal behavior. Unfortunately, there was no
method in the literature for assessing the adequacy of the warning times at a
railroad-highway grade crossing from. the driver s perspective; however‘ )
level-of-service concepts have been well estab]ished in the highway field for
the past 30 years. As a result, level-of-service criteria, similar to those
for signalized intersections in the 1985 Highway Capacity Manual, were

(4

criteria are shown in table 7. The levels of service are based on the

developed for active warning devices at grade crossings. 8) The proposed
premise that a grade crossing is very similar to a signalized intersection,
albeit that one interrupts vehicular flow only a few times each day. This is
not an unreasonable assumption given the fact that at both a signa]ized
intersection and a railroad-highway grade crossing, drivers are primarily
concerned with how long they have to wait.

As shown in table 7, 20 seconds is the minimum warning time currently -
required by the MUTCD, and 60 seconds is defined by the 1985 Highway Capacity
Manual as the limit of acceptable de]ay to most motorists. (11,48) These two

points clearly define the limits of adequate or acceptab]e motorist service,
i.e., warning times less than 20 seconds are inadequate (as current]y defined
by the MUTCD), and warning times greater than 60 seconds are unacceptable and
defined as level of service F. The 40-second range between these two limits
was subdivided in 10-second increments so as to create four warning time
categories for levels of service A, B, C, and D. As can be seen from table
6, by using these definitions, the majority of the warning times observed in
both studies could be classified as Tevel of service D or better--65.7
percent in the before study (two-quadrant gates) and 73.5 percent in the
after study (four-quadrant gates with skirts). However, a much smaller
percentage of the warning times observed could be classified as level of
service C or better--28.5 percent in the before study and 39.1 percent in the
after study. This relatively small percentage of warning times less than 40
seconds and the 34.3 percent of the warning times that were classified as
level of service F (unacceptable) might exp]ain why so many motorists drove

around the lowered two-quadrant gate arms. In other words, the warning times
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Table-.7. fProposed level of service criteria for railroad
- hjghyaylgrade_crpssings.';

Level of‘Serviceq"'“”~"'WarniﬁétTihefcategory" g Before Train's Arrival?
e N - Inadequate? ' ' <20
A Destrable 20 to 30

B - : .+ . ..Marginal. . : 30 to 40
PG T pegR T ' 40 to 50

CF e e e "Unacceptable? . - . - >60

lAverage time (1n seconds) between activation of the flashing 1ight
signals-:and the-train's.arrival at the crossing. .

220 seconds 1s the minimum warn1ng time “allowed by the MUTCD.

. 360 seconds is the 11m1t of acceptab]e delay to most motorists as
def1ned by ‘the 1985 Highway Capacity Manual.
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were perceived as unacceptable (too long) and the motorists performed in an
unacceptable (dangerous and illegal) manner by driv1ng around the 1owered ‘
two-quadrant gate arms.

Clearance Time. Clearance time was defined as the difference in time
between the last vehicle to cross and the train's arrival at the trosstnga
As the four-quadrant gates with skirtslproh1b1t1dr1v1ng“around the'gatés by
physically blocking the roadway, their installation should result in. signifi-
cantly longer clearance times. In other words, if motorists could dr1ve ,
around the gate arms, they could cross closer to the train's arr1va1 at the‘.
crossing. This additional temporal separation between cars and tra1ns 1s a -
definite safety benefit of the four- quadrant ‘gate system. o l

Clearance t1mes were only recorded‘for those arrivals in which a Véhic]é
arrived at the crossing between the activation of the flashing light signa1s
and the train's arrival at the cross1ng,‘there was an opportunity for a B
vehicle to cross in front of the train. . Thus, the number of c1earance times"
will always be less than or equal to the number of train arrivals. As showni
in table 8, 90 c]earance times were observed in the before study (two-quad-
rant gates) and 29 clearance times were observed in the after study.(four-
quadrant gates with skirts). As with the warning time data set, 'theytotal
data from each study were subdivided into observations that occurred during
the day and observations that occurred during the night to ensure that :
similar train and traffic volume conditions were compared. These two sub-
sets, together with the total data set, were then analyzed. :

The mean and standard deviation of the clearance times from the day,
night, and total data sets were noticeably 1onger dur1ng the afterfstudy,
indicating greater temporal separation between vehicles and trains. Addi-
tionally, the Mann-Whitney U test for two independent, cont1nuous]y‘d1str1b*‘
uted populations indicated that these differences were statistically signifi-
cant at the 99 percent confidence level. (44) This means that 1nstal1at10n of
the four-quadrant gates with skirts significantly increased the average “time
between the last vehicle to cross and the train's arr1va1 at the crossing
(from 24.5 seconds to 48.9 seconds). In addition to be1ng statistica]]y
significant, this change in driver performance. was 1arge enough to.be

76



‘Table 8. Clearance times at the Cherry Street crossing.?

Do LT Tuo-Quéi\dran_'fv Gates - - ECT ) Edﬁ-@drant Gates with Slgirté :
Summary Statistiecs -~ - - Day ' Night - .~ Total - = Day -~ - Night .- Total
Sample Size? 0 T T S U T D
Mean (seconds) - 2.9 2662 . < 8. #3952 489
Standard Deviation - . 118 B L P2 ) 8 R U A
Percent' 20 Seconds -~ ' 414 Comol Lo 40 . 00 S0 0.0°
Percent <10 Seconds .- . 57 . so. s 00 . . 00 . 0.0
Range (seconds) 662 o em Cen o s Casl 34-81

o . r,rTwo-Quad'rant Gates -~ . - Four-Quadrént Gates with Skirts
Clearance Time . Observed Train Percent of = Cunulative ' Observed . © ~Percent of - Cunulative

3 (seconds). - - - Arrivals Total Arrivals: . Percentage- * Train Arrivals Total Arrivals .~ Percentage
a0 - ‘ S 56 56 o 00 0.0
10-20 3 u4s Cg0 0 0.0 0.0
20-30 3 0.1 N ' o 00 : 0.0
530 R T 19.9 w0 - 29 1000 . 100.0-
s Total % : | 29

I7ine between last vehicle to cross and the trains‘ arrival at the crossing.,

2Includes only those obsérvétions in which vehicles vere present before the train’s arrival..



considered meaningful from a practical point of view. This finding is shown
clearly in-the illustration of -the frequency and cumulative frequency distri-
butions of the clearance times from the two data sets in figure 26. The
‘Mann-Whitney U test failed to indicate a statistically significant difference
at the 95 percent confidence level between the day and night .data sets from
either of the two studies. This means that there was no evidence which
suggested that clearance times were different between day and night operation

for either the two-quadrant gates or four-quadrant gates wjth,skirts.

It was hypothesized that even though warning times have a dajor influ-
ence on driver performance, a small percentage of:drivers Qou]d exhibit
undesirable (dangerous or illegal) behavior no matter how short the warning
times were. This type of behavior is similar to that of those drivers who
exceed proper]y set speed Timits. In other words, there will always be a few
drivers who will take r1sks at- ra11road highway grade” cross1ngs just as there
will always be a few drivers who take risks at regular intersections as well
as on the open h1ghway The prob1em then becomes one of defining risky
behavior. To solve this problem, four categories of driver performance and

associated clearance t1mes were def1ned as follows:

° | Risky--less than 10 seconds

° Aggressive--from 10 to 20 seconds.
. Normal--from 20 to 30 seconds.

° Cautious—-greater than 30 seconds.

iy
]

Risky behavior represents a level of driver performance in which there
is 1ittle, if any, room for error. A judgmentai mistake by ihefﬂriver or a
mechanical failure by the.vehicle will probably result in an acEﬁdent
Aggressive behav1or represents a 1eve1 of driver performance in which there
is some, but not much room for error. A small misestimation of the train's
arrival time at the cross1ng will probably st111 allow time for most drivers
to clear safe1y, however veh1c1es that stall or have poor acce1erat1on
characteristics may be involved in.an accident. The MUTCD appears to address
this point by currently requiring. a minimum warning time of 20 secqnds,
Normal behavior‘represents»a level bf‘driver‘performante‘infwﬁ%éﬁ mest

reasonable and prudent drivers fall. Most minor judgmental mistakes and
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poorly acce]erating'Vehicles will not result in an accident. Cautious
behavior represents a level of driver performance in which drivers probably
rely totally on the warning device and not on their own Judgement of the

train's arrival at the crossing.

Using the préceding definitions 40.0 percent of the clearance times in
the before study (see table 8) were classified as either risky or aggreSSive
whereas in the after study, no clearance times were classified in these
categories. In fact, all of the clearance times in the after study were
classified as cautious; however, this finding is not a result of a different
train or driver popuiatioh. Instead, as stated previously, it is a resﬁ]t of
the four-quadrant gates with skirts prohibiting motorists from driving around
the gate arms by completely blocking the road. Thus, all drivers rather than
just ‘a few were forced to rely on the warning device. In other words,‘fhe
potential for drivers to make a judgement as to whether or not it was safe to
cross was removed from their possibie-set of options. Reljance on active’
warning devices is especially important at crossings with ‘limited sight
distance, high-speed trains, and multiple tracks because it is at these -
locations that drivers often make mistakes in judgement. However, to avoid'
unnecessarily delaying drivers at these crossings and to redhce'risky and/or’
aggressive behavior, it is imperative that the warning devices operate reli-

.

ab]y and at as high a Tevel of service as possible.
Approach Measures

Speed Profiles. ' The average speed at which drivers approached the
Cherry Street crossing whenever the warning devices were activated could or
could not be different after the installation of the fouf-quadrant gates with
skirts. Hypothetically, the greater conspicuity and more imbbsing preSence
of the four-quadrant gates with skirts should cause drivers to see them
earlier and slow down sooner. Even if this behavior change occurred it may
not be large enough to be statistically significant. If it is statistically"
significant, it still might not be large enough to he practically significant
(i.e., a difference in speeds of one or two miles per hour might be statisti-
cally significant because of a 1argé samp]e“size; however, from a practical-

y. (49)

standpoint, such a difference would be meaningless).

80



In order to compare characteristics of similar vehicles, approach speed
profiles for the first vehicle to stop at the crossing in both the before and
after'studies‘were p]otted as shown in figure 27. Each data point represents
average speeds over 50-foot sections of roadway. in advance of the stop bar at
the crossing, and are plotted at the midpoint of the section. As mentioned
earlier, data in the range of 50 to 200 feet from the stop bar were obtained
from Camera 1, in the range of 250 feet to 450 feet from the stop bar -from
tamera,Z, and in the range from 500 to 700 feet in advance 0f the stop bar
from Camera 3. Unfortunately, there was such a sm311 amount of available
data from Camera 3 that a significant number of average speeds could not be
calculated at the far distances. Therefore, only data from the first two
cameras are shown in figure 27.

Several observations can be made concerning the average approach speed
profi]eé in the before and after data sets. First, the average speeds in the
after study (four-quadrant gates with skirts) were about 10 miles per hour
faster than they were in the before study (two-quadrant gates). This was
contradictory to the initial premise of drivers slowing down or at least
maintaining their speed in response to the four-quadrant gates with skirts.
As a result, an investigation into why drivers speeded up was begun. In the
aftéf study, the first vehicle to stop at the crossing did so because the
four-quadrant gates with skirts completely blocked the roadway. However, in
the before study, visual observation of the videotapes indicated that the
first vehicle to stop was often following a queue of slow moving vehicles
that were driving around the gate arms and, thus, its speed was limited by
the vehicles in front of it. In other words, approach speeds of the first
vehicle to stop in the after study would be characterized as free-flow and
approach speeds of the first vehicle to stop in the before study would be

characterized as constrained.

. Because of the unanticipated difference in stimuli and conditions, it
was not surprising-that the average approach speeds for the first vehicle to
stop in the after study were faster than they were in the before study. Even
with these unexpected results, several conclusions can be drawn from the
approach speed. profiles shown in figure 27. First, in both studies, the
first vehicle to stop began slowing about 450 feet from the stop bar.
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Second, stopping vehicles did so in a safe, gradual, and consistent manner.
Finally, although installation of the four-quadrant gates with skirts failed
to cause the first stopping vehicle to begin slowing down sooner, the resul-
tant speed profiles appeared to pose no safety problem for approaching
motorists.

+ Perception-Brake Reaction.Time‘and Deceleration. PBRT’wasydefined as
the difference in time between activation of the flashing light signals and
the i1lumination of the”rehic1e's brake lights. .- It was expected that the
greater consp1cu1ty and more 1mpos1ng presence of the four- quadrant gates
with skirts would cause motorists to brake sooner and, as a result, slow down
more gradually It was"a]so expected that if these differences did exist,
they wou]d be sma]] and very difficult to measure. To compound th1s problem,
brak1ng for a. flashing light signal is an unexpected event and: does not
represent a pressure situation unless a. train s a]so visible. Thus, driver
response. was expected to be highly variable.

Average -PBRTs in response ' to the activation of the flash{ng light
signals at the Cherry Street crossing were~18.4 seconds in the before study
and 15.4 seconds in the after study. In both cases, the standard deviations
were larger than the mean. These differences were small and, as indicated by
the results of the Mann- Wh1tney U test, were not statistically significant at
the 95 percent conf1dence 1eve1 (44)_ These Tong react1on times confirm the
premise that braking in response to a f]ash1ng 11ght signal did not represent
a pressure situation (short reaction times) and, because of this, was highly
variable (large standard deviations). An additional complication with
measuring PBRTs was the difficulty in determining whether the vehicle of
interest was braking in response to the activation of the warning device, a
slower moving vehicle ahead of it, or simply approaching a recognized

railroad-highway grade crossing.

In terms of deceleration, the Traffic Engineering Handbook defines
(27)

several deceleration categories as follows:
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1. Emergency--greater than 20 ft/sz.

2. Very uncomfortable--14 to 20 ft./sz.

3. Uncomfortable--11 to 14 ft/sz.
4. Undesirable--8 to 11 ft/sz.
5. Pract1ea1-—1ess than 8 ft/sz.

'PreVioug étudieéihave concluded that nearly all drivers approaching an
activated- f1ash1ng light signal decelerate to a stop at a practical lev-

el. (23,24) The drivers approaching the Cherry Street crossing were no
d1fferent In the before study, only 5 percent of the vehicles exceeded a
practica] dece]eration 1eve1 while they were stopping, and in the after
study,‘12 percent of the veh1c1es did so. In both cases, none of the vehi- .
cles exceeded an undes1rab1e dece1erat10n These differences are small and
'any d1fferences wh1ch exist are probably the result of the d1fferences in
stimuli for the first vehicle which stopped in each of the two studies; in
the after study, they may have stopped in response to the activation of the =
warn1ng dev1ces whereas in the before study, they may have been traveling '
more slowly and st0pp1ng more gradually because of slower moving vehicles 1n
front of them.' However, in neither study did the maximum observed dece]era:?

tions indicate a potential safety problem.

Safety Measures

V1o]at1ons At a crossing with gates, violations occur whenever motor4f'“
1sts dr1ve around the gate arms in the down position. As stated prev1ously}fi
many motor1sts drove around the lowered two-quadrant gates at the Cherry
Street'crossing even though it was illegal to do so. Insta]]ation of the
four- quadrant gates with skirts was expected to eliminate this apparent
d1sregard for the warning devices by completely blocking the roadway and

making it phys1ca11y impossible to drive around lowered gate arms.

Table 9 shows the number of violations observed at the Cherry Street’
cross1ng As can be seen from table 9, for those .observations in which a
motor vehicle was present prior to the train's arrival at the crossing, the o

average number of motorists per train arrival who drove around the gate arms
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Table 9.

Violations at

the Cherry Street crossing.

1:

Two-Quadrant Gates

Four-Quadrant Gates with Skirts

Summary Statistics Day Night Total Day . Night Total

Sample Size? 7 22 93 , 28 25 53

Mean (vehicles) 2.76 2.09 2.60 0.00 ., 0.00 0.00

Standard Deviaticn 2.40 2.29 2.38 0.00 0.00 0.00

Percent >0 Viclations 87.3 12.7 83.¢9 0.0 0.0 0.0

Percent >1 Violation 67.6 455 62.4 0.0 0.0 0.0

Range (vehicles) 0-14 0-9 0-14 ©0-0 0-0 0-0

Two-Quadrant Gates . Four-Quadrant Gates with Skirts

Violations Number of Percent of Cumulative Observed Percent of Cumulative

(vehicles) Observations Observations Percentage Train Arrivals Total Arrivals Percentage
0 15 16.1 6.1 53 100.0 100.0
1 20 21.5 37.6 0 0.0 100.0
2 18 19.4 57.0 0 0.0 100.0
3 17 18.3 75.3 0 0.0 100.0
>3 23 24,7 100.0 0 0.0 100.0

Total 93 53

1Vehicles driving around a lowered gate arm at the crossing.

ZIncludes only those observations in which vehicles were present before the train’s arrival. -



went from 2.6 in the before study (two-quadrant gates) to 0.0 in the after
study (four-quadrant gates with skirts). What was not expected was the high
number of motorists who drove around the two-quadrant gates--at least one in
83.9 percent of the train arrivals in which vehicles were present before the
train's arrival, at least two in 62.4 percent of the train arrivals, and as
many as 14 in a single train arrival. Clearly, driver performance in re;
sponse to the two-quadrant gates at Cherry Street was not good. A]thougﬁ it
is fairly obvious that these differences were significant, a Pearson's -
chi-square statistic calculated from a 2 by 5 contingency table (two studies
by five violation rate categories) indicatedAthat these differences were

statistically significant at the 99 percent confidence level.

One of the expected findings from the before study was that the average
number of_vi61ations per train arrival would .increase with an inéreaée'in
warning time. These data are shown in table 10 ahd illustrated in f1gdre 28.
Notice that when the warning times were less than 40 seconds (level of
service B or better), one or fewer motorists drove around the gates; however,
when the warning times were between 40 and 60 seconds (levels of service C
and D), two to three moﬁorists drove around the gates, and when the warning
times were longer than 60 seconds (1eve1 of service F), three or more motor-
ists drove around the gates. Thus, a 40- to 50-second warning tihe”might be
considered as the threshold at which two or more motorists will drive around
a gate arm, and a 60-second warning time as the threshold at which three or
more motorists will drive around the gate arm. These observations support
the premise that the longer the warning time, the larger the number of

illegal and dangerous maneuvers which will take place.

The four-quadrant gates with skirts simply eliminated all violations as
can be seen in table 10. Obviously, this is a significant safety benefit.

Vehicles Crossing. The average number of vehicles crossing between
activation of the flashing light §1gnals and the train's arrival at the
crossing is shown in table 11. It should be noted that these numbers include
not only the motorists who drove around the gate arms when.they were in the
down position (i.e., a violation), but also those motorists who drove through
the crossing while the gate arms were descending. Installation of the //
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Table 10. Effects of warning times on violation rates at the
Cherry Street crossing..

o -~ Warning Observed Average Violations
Study Time (Sec.)? Train Arrivals? (per Arrival)
Two-Quadrant <20 0 -
Gates - 20-30 -2 - 0.00
- 30-40 10 .1.00
40-50 - 15 1.60
50-60 37 2.54
60-90 } 27 3.44
>90 2 9.00
Total 93 2.60
Four-Quadrant <20 1 . 0.00
Gates with Skirts 20-30 - -
30-40 : 1 0.00
40-50 18 0.00
50-60 21 0.00
60-90 11 0.00-
>90 2 0.00
- Total 53 0.00

, : 1Time between activation of flashing lights and train's arrivals at the
crossing. o ‘

2Includes only those observations in which vehicles were present.
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Figure 28. Average number of violations as a function of the
warning times at the Cherry Street crossing.
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Table 11.

Vehicle crossings at the Cherry Street crossing.?

- Two-Quadrant Gates

Four-Quadrant Gates with Skirts

Summary Statistics - Day Night Total Day Night Total
Sample Size! 7 22 93 28 25 53
Mean (vehicles) 4.32 2.9 4.01 1.50 0.72 1.13
Standard Deviation 2.93 2.87 2.96 1.50 0.98 1.33
Percent >0 Violations 9.6 90.9 9.8 64.3 44.0 54.7
Percent >1 Violation 88.7 63.6 82.8 42.9 20.0 32.1
Range (vehicles) 0-18 0-11 0-19 0-5 0-3 0-5
Two-Quadrant Gates Four-Quadrant Gates with Skirts

Crossings Observed Percent of Cumulative Observed Percent of Cunulative
(vehicles) Train Arrivals Total Arrivals Percentage Train Arrivals Total Arrivals Percentage

0 3 3.2 3.2 24 45.3 45.3

1 13 14.0 17.2 12 22.6 67.9

2 20 21.5 38.7 7 13.2 81.1

3 10 10.8 49.5 1 S 13.2 94.3

% 4 50.5 100.0 3 5.7 100.0

' Total 93 53

1Vehicles driving around a lowered gate arm at the crossing.

2[ncludes only those observations in which vehicles were present before the train’s arrival.



four-quadrant gates with skirts was expected to reduce the frequency of such
behavior by completely blocking the roadway and making it physically impos-
sible to drive around the lowered gate arms. ' Additionally, the more
formidable appearance of the four-quadrant gates with skirts may have dis-

couraged some motorists from crossing while the gate arms were descending.

For the aforementioned reasons the average number of vehicles crossing
per train arrival and the percentage. of train arrivals with at least one
vehicle crossing went from 4.01 and 96.8 in the before study (two?quadrant
gates) to 1.13 and 54.7 in the after study (four-quadrant gates with skirts).
As with the observed violations, it is faif]y obvious that these differences
were significant. This observation Was verified by the results of the Mann-
Whitney U test and a Pearson's Chi-sqqare statistic from a 2 by 6 contingency
table (two studies by six crossing categories rate) which indicated that
these differences were significant at the 99 percent confidence level. These
findings support the premise that the four-quadrént gates with skirts im-
proved safety at the Cherry Street crossing by reducing the number of vehi-
cles crossing in front of an oncoming train. ‘ :

Crossings Less Than 20 Seconds (CL20). Vehicles crossing within 20
seconds of a trains' arrival at a crossing has previously been defined as an
indication of aggressive bahavior, i.e., there is some, but not muéh, room.
for driver and/or vehicular error. Because motorists had to drive around:
lowered gate arms in order to cross within 20 seconds, this behavior was
illegal. Additionally, this measure represents those drivers who choose to
cross within the 20-second minimum warning time presently required by the
MUTCD.(II) Installation of the four-quadrant gates with skirts was expected
to eliminate this type of behavior by completely blocking the roadway at
least 20 seconds prior to the train's arrival at the crossing.

As shown in table 12, the average number of vehicles crossing within 20
seconds of the train's arrival at the crossing went from 0.60 in the before
study to 0.0 in the after study. Additionally over 40 percent of the obser-
vations in the before study resulted in at least one CL20 and over 10 percent
of the observations resulted in multiple CL20s. Results from the Mann-
Whitney U test indicated that these differences were significant at the 95
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Table 12. CL20s at the Cherry Street crossing.’

THo-Quadrant Gates

Four-Quadrant Gates with Skirts

Summary Statistics Day Night Total Day Night Total
Sample Size! 7 2 ‘ 93 28 25 53
Mean (vehicles) 0.65 0.45 0.60 0.0 0.0 0.0
Standard Deviation 0.97 0.67 0.91 0.0 0.0 0.0
Percent >0 Violations 42.3 36.4° 40.9 0.0 0.0 0.0
Percent >1 Violation 12.17 9.1 11.8 0.0 0.0 0.0
Range (vehicles) 0-4 0-2 0-4 0-0 0-0 0-0
Two-Quadrant Gates Four-Quadrant Gates with Skirts

CL20s Observed Percent of Cunulative Observed Percent of Cumulative
(vehicles) Train Arrivals Total Arrivals Percentage -Train Arrivals Total Arrivals Percentage

0 55 59.1 59.1 53 100.0 100.0

1 27 29.0 88.1 0 0.0 100.0

S 2 6 6.5 - 9.6 0 0.0 100.0
3 3 3.2 97.8 0 - 0.0 . 100.0
>3 2 2.2 1100.0 0 0.0 100.0
Total 93 53

lyenicies driving around a lowered gate arm at the crossing.

2Includes only those observations in which vehicles were present before the train’s arrival.



percent confidence level. Thus, as expected, installation of the four-
quadrant gates with skirts significantly decreased the CL20 rate (aggressive
behavior) at the Cherry Street crossing.

A frequency distribution of the observed CL20s at the Cherry Street
crossing is also shown in table 12. Ip the before study there were 55
observations with zero CL20s, 27 observations with one CL20, 6 observations
with two CL20s, and 5 observations with three or more CL20s.. In the after
study, there were no CL20s in any of the 53 observations. A Pearson's
chi-square statistic calculated from a 2 by 4 contingency table substantiates
the fact that these differences were significant at the 99 percent confidence

level.

Crossings Less Than 10 Seconds (CL10). While it is illegal to drive
around gate arms when they are in the down position (a violation), it also
becomes extremely risky to do so whenever a train is in close proximity to
the crossing. There was a portion of the data set that was also in potential
conflict (at risk) with a train's arrival at the crossing. Clearance times
that leave little room for either driver or vehicular error have previously
been defined as crossing within 10 seconds of an oncoming train's arrival
(CL10). It was anticipated that installation of the four-quadrant gates with
skirts would eliminate this type of behavior by completely blocking the
roadway at least 20 seconds prior to the train's arrival at the crossing. -

As shown in table 13, five CL10s (risky crossings) were observed at the
Cherry Street crossing in the before study--four during the day and one
during the night. Thus, five motorists drove around the gate arms and
crossed the tracks within 10 seconds.of the train's arrival. As expected, no
similar behavior was observed with the four-quadrant gates with skirts in the
after study. A Pearson's chi-square statistic calculated from a 2 by 2
contingency table indicated that these differences were significant at the 95
percent confidence level for the day, night, and total data sets. Thus, it
is obvious that installation of the four-quadrant gates with skirts removed
the possibility of risk-taking from the driver's set of options.
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Table 13.

CL10s at the Cherry Street crossing.?

Two-Quadrant Gates

Four-Quadrant Gates with Skirts

Summary Statistics Day Night Total Day Night Total
Sample Size? 71 22 93 28 25 53
Mean (vehicles) 0.06 0.05 0.05 0.0 0.0 0.0
Standard Deviation 0.23 0.21 0.23 0.0 0.0 0.0
Percent with Conflicts 5.6 4.6 5.4 0.0 0.0 0.0
Range {(vehicles) 0-1 0-1 0-1 0-0 0-0 0-0
0 Conflicts/Arrival 67 21 89 28 25 53
1 Conflict/Arrival 4 1 5 0 0 0

Vehicle's crossing within 10 seconds of the train's arrival.

2Includes only those observations in which vehicles were present prior to the train's arrival.



Summary

The average warning times at the Cherry Street crossing are neﬁr the
1imit of acceptable delay for most motorists, i.e., near level of service F.
Because of this and the fact that the roadway was not physically "blocked,"
many drivers disregarded the two-quadrant gates at the crossing by driving
around lowered gate arms. '

With the installation of four-quadrant gétes with skirts, performance
measures such as speeds, PBRTs, and deceleration levels did not indicate a
change in driver behavior. Thus, there were no measurable safety disadvan-
tages to the four-quadrant gates with skirts. Installation of the four-
quadrant gates with skirts had no effect qn‘the crossing's level of service,
but had a very positive effect on driver behavior at the crossing by elimi-
nating all risky and illegal behavior as well as violations at the crossing,
thus resulting in a superb safety benefit. 'Such benefits are especially
1mpor£aht at crossings with 1imited sight distance, high-speed tfa1ns, and/or
multiple tracks. o B B
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VI. FOUR-QUADRANT FLASHING LIGHT SIGNALS WITH OVERHEAD STROBES

The approach roadway's.horizonta1 and vertical alignments 11mit visibil-
ity of the Ebenezer Road crossing from both directions. Thus, the visibility
iof standard two-quédrant f]ashing light signals at the crossing is also ..
limited. The primary change in driver performance that was expected as a
result of the installation of the four-quadrant f]ashing 1ight signais with
overhead strobes was an earlier reaction to the active warning devices. As a
‘résult of this expected change %n behéyiqr,‘the approach speeds weyé expected
 to be slower, the brake reaction times were expected to be quicker, and the
deceleration levels wefe éxpeéted.to,be more\gradua]. However,.as bfevjous]y
discussed, differences in these driver performanée measures are not easy to
'Aquantify, and the related safety benefits are not straightforﬁard. |

Driver behavior at the crossing itself (i.e., clearance times,‘vjolation
rates, and vehicle crossing rates) was not expected to change, as fhe,ngy
device neither changed the train detection system nor physically blocked the
roadway. It should be noted that there was a fundamental difference in the
definition of a violation at crossings with flashing 1light signals and at
crossings with gates or highway traffic signals. For example, violations at
the Cherry Street crossing were defined in terms of illegal behavior, i.e.,
driving around the gate arms while they were in the down position. Viola-
tions at the Cedar Drive crossing were also defined in terms of illegal
behavior, i.e., driving through the crossihg after the signal had changed to
red. Violations at the Ebenezer Road crossing could not be defined in a
similar manner because the only legal requirements placed on motorists
approaching a crossing with an activated flashing light signal are that they
bring their vehicles to a stop in advance of the crossing and then proceed
when it is safe to do so. Thus, violations at a crossing with flashing 1ight
signals would be defined as drivers who could reasonably stop in response to
the warning device, but failed to do so. However, because of the difficulty
in determining whether or not a vehicle came to a complete stop, violations
could not be counted for the flashing light signal systems at the Ebenezer

Road crossing.
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The four-quadrant flashing light signals with overhead strobes were
installed at the Ebenezer Road crossing during the week of October 14, 1985.
Prior to this time, active warning devices at the crossing were standard
two-quadrant flashing light signals. Both train movement and driver behavior
data were collected for approximately 2 months before (July and August 1985)
and 2 months after (May and August 1986) the new devices were installed.
During these two time periods, 226 train movements were observed. There were
. 157 trains observed in the before study (two-quadrant flashing light signals)
and 79 trains were observed in the after study (four-quadrant flashing light

signals with overhead strobes). The after study consisted of two 1-month
studies separated by a 60-day waiting period. This was done to determine
whether driver behavior in response to the four-quadrant flashing 1ight
signals with overhead strobes changed with time, i.e., a 1earnihg effect.
Thus, the results from the Ebenezer Road crossing will be reported as three -
studies--before, first after, and second after. For each observation in the
three studies, the environmental and lighting conditions; train's direction
of travel and warning time; and approaching vehicle's clearance time, speed
profile, and brake reaction time were recorded and subsequently analyzed.

This chapter describes the evaluation of the two active warning devices
at the Ebenezer Road crossing, i.e., the original two-quadrant flashing 1ight
'signals and the subsequent four-quadrant flashing light signals with overhéad

strobes. The first part in this process was an assessment of the level of
sefvice at which the active warning devices were operating. This determina-
tion was based on average waiting time at the crossing and was similar to the
1eve1 of service criteria for average delay at signalized intersections
presented in the 1985 Highway Capacity Manual previously discussed. (48)

-Second, the driver performance measures for the two warning devices were
summarized and compared from both a statistical-and practical standpoint.
Third, the safety implications of utilizing four quadrant f]ashlng light

signals with overhead strobes are discussed.
Crossing Measures

Warning Time. Warning time was defined as the difference in time

between activation of the flashing 1ight signals and the train's arrival at
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the crossing. It is the same as the maximum time a motorist would have to
wait between activation of the flashing light signals and a train's arrival
at the crossing. As there were no changes to the train detection system when
the four-quadrant flashing light signals with overhead strobes were in-
stalled, no difference was expected in the average warning times observed in
the before and either of the two after studies. To verify this premise, the
- total data set from each study was first subdivided into observations that
occurred during the day and observations that occurred during the night to
ensure that similar train and traffic volume conditions were compared. These
two subsets, together with the total data set, were then analyzed.

As shown in table 14, the mean and standard deviation of the warning
times were slightly lower in the first after study (flashing 1light signals
with strobes~-Spring 1986). However, the Kruskal-Wallis test for two or more
independent, continuously distributed populations indicated that these
differences were not significantly different at the 95 percent confidence
level for either the day, night, or total data sets.(44) This means that, as
expected, installation of the four-quadrant flashing 1ight signals with
overhead strobes had no effect on the Warning times at the cressing. The
Kruskal-Wallis test also indicated that there was not a statistically signif-
icant difference at the 95 percent confidence level between the day and night
-data sets from either of the three studies. Thus, warning times were not
different during day and night operations for either the two-quadrant flash-
ing light signals or the four-quadrant flashing light signals with overhead

strobes,

It was hypothesized that the warning times observed at a railroad-
highway grade crossing have a major influence on driver performance at the
crossing, i.e., the longer the warning times, the larger the number of
drivers who will exhibit dangercus and/or illegal behavior. By using the
level of service definitions developed in chapter V, approximately 90 percent
of the observed warning times for each of the three studies at the Ebenezer
Road crossing could be classified as level of service A, B, or C. = In fact,
over 60 percent of the observed warning times in all three studies could be
classified as level of service A or B. Additionally, the very small number

of unacceptable (greater than 60 seconds) warning times in the three data
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Table 14. Warning times at the Ebenezer Road crpssing.1

-Flashing Light Signals

Flashing Light Signal
with Strobes (Spring 1986)

Flashing Light Signals
with Strobes (Summer 1986) °

Summary Statistics Day Night Total Day Night Total Day Night Total
Sample Size 106 51 157 18 _ 5 23 43 13 56
Mean (seconds) 42.2 38.1 40.8 36.3 38.3 36.7 41.0 43.4 £1.6
Standard Deviation 15.¢ 11.1 14.¢ 7.1 4.7 6.6 10.¢ 22.4 13.7
Range (seconds) 24-153 26-106 24-153 19-45 36-47 19-47 14-62 82-116 14-11€

Warning Times

Flashing Light Signals

Flashing Light Signal
with Strobes (Spring 1986)

Flashing Light Signals

with Strobes (Summer 1986)

Observed Train

Percent of

Cumnlative Observed Train Percent of Cumulative

Observed Train

Percent of

Cumulative

(seconds) Arrivals Total Arrivals Percentage Arrivals  Total Arrivals Percentage Arrivals  Total Arrivals Percentage
<20 0 0.0 0.0 2 8.7 8.7 1 1.8 1.8

20-30 13 8.3 8.3 0 0.0 8.7 4 7.1 8.9

30-40 84 53.5 61.8 15 65.2 73.9 25 44.6 53.6

40-50 45 28.6 90.4 6 26.1 100.0 19 33.9 81.5

50-60 6 3.9 9.3 0 0.0 100.0 4 7.1 9.6

60-90 6 3.8 98.1 0 0.0 100.0 2 3.6 98.2
>90 3 1.9 100.0 0 0.0 100.0 1 1.8 100.0

Total 157 23 56

1Time between activation of the flashing light signal and the train‘s arrival at the crossing.



sets means that the active warning devices at the Ebenezer Road crossing were
operating at a good level of service. Thus, it would be expected that driver
behavior at the crossing itself would be relatively good (e.qg., few dangerous
or illegal maneuvers) and that, because the warning times did not change

between -studies, driver behavior at the crossing itself also would not change

between studies.

Ciearance Time. Clearance time was defined as the difference in time
between the last.vehicle to cross and the train's arrival at the crossing.
As the four-quadrant flashing light signals with overhead strobes changed
nothing at the crossing itself, their installation was expected to have no
affect on the clearance times observed in any of the three studies. Thus,
there was no expected increase in the tembora1 separation between cars and

trains as a result of the new devices being installed.

Clearance times are only reported for those train arrivals wherein a
vehicle arrived at the crossing between the activation of the flashing light
siQné]s and the train's arrival at the crossing, i.e., there was an opportu-
nity for a vehicle to cross in front of the train while the signals were
activated. Thus, the number of clearance times will always be less than or
equal. to the number of train arrivals. As shown in table 15, 109 clearance
times were observed in the before study (two-quadrant flashing light sig- )
nals), 18 clearance times were observed in the first after study (four-
quadrant flashing light signals with strobes--Spring 1986), and 45 clearance
times were observed in the second after study (four-quadrant flashing light
signals with strobes--Summer 1986). As with the warning time data set, the
total data from each study were subdivided into observations that occurred
during the day and observations that occurred during the night to ensure that
similar train traffic volume conditions were compared. The two subsets along

with the total data set were then analyzed.

The mean and standard deviation of the clearance times from all three
data sets were slightly shorter in the second after study. - However,>the'
Kruskal-Wallis test indicated that these differences were not statistically
significant at the 95 percent confidence interval for either the day, night,
or total data sets.(46)‘ This means that installation of the four-quadrant
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Table 15. Clearance times at the Ebenezer Road crossing.1

ht Signals "Flashing Light Signals

~ Flashing Lig
Flashing Light Signals- with Strobes (Spring 1986) with Strobes (Summer 1986)
Summary Statistics Day . - Night Total Day Night Total Day - Night Total
Sample Size? ® 17 109 15 3 18 38 R 45
Mean (seconds) 19.1 27.9 20.5 19.1 19.1 19.1 4.3 ¢ 212 16.3
Standard Deviation 9.5 20.5 12.4 6.9 17.3 8.6 6.3 6.C 7.8
Percent <20 seconds 66.3 41,2 62.4 53.3 56.7 55.6 86.6 i 14.3 75.¢
Percent <10 seconds 12.0 5.9 11.¢ 0.0 33.3 5.6 23.7 . B 0.C - 20.0
Range (seconds) 7-64 8-99 7-99 10-31 4-38 4-38 5-36 18-37 5-37
\ , Flashing Light Signals " Flashing Light Signals
Flashing Light Signals ) with Strobes (Spring 1986) with Strobes (Summer 1986)
Clearance Times Observed Train  Percent of Cumulative Observed Train Percent of Cumulative Observed Train Percent of  Cumulative
(seconds) Arrivals Total Arrivals Percentage Arrivals  Total Arrivals Percentage Arrivals  Total Arrivals Percentage
<10 12 ' 11.0 11.0 1 5.6 5.6 9 20.0 : 20.0
10-20 56 bl4 62.4 9 50.0 55.6 25 ' 55.6 75.6
20-30 26 23.9 . 86.2 6 33.3 88.9 8 17.8 93.4
>30 15 13.8 100.0 2 11.1 - 100.0 3 6.6 100.0
Total 109 18 45

17ipe between activation of the flashing light signal and the train’s arrival at the crossing.

2Includes only those observations in which vehicles were present befcre the train’s arrival.



flashing light signals with overhead strobes had no effect on the average
time between the last vehicle to cross and the train's arrival at the cross-
ing. This finding is shown clearly in the illustration of the frequency and
cumulative frequency distributions of the clearance times from the three data
sets shown in figure 29. The Kruskal-Wallis test also failed to indicate a
statistically significant difference at the 95 percent confidence level
between the day and night data sets from either of the three studies. This
means that the clearance times were no different between day and night
operation for either the two-quadrant flashing light signals or the four-
quadrant flashing light signals with overhead strobes.

It was also hypothesized that no matter how short the warning times, a
small percentage of drivers would exhibit dangerous and/or illegal behavior.
To assess the magnitude of this problem at the Ebenezer Road crossing, the
observed vehicle clearance times were classified into the four categories

previously defined.
1. Risky--less than 10 seconds.
2. Aggressive--from 10 to 20 seconds.
3. Normal--from 20 to 30 seconds.
4. Cdutious--greater than 30 seconds.

By using these definitions, the percentage of the observed clearance times in
all three studies that could be classified as either risky or aggressive;
ranged from 55.6 percent to 75.6 percent. In addition, from 6.6 percent to
13.8 percent of the clearance times could be classified as cautious. These
data indicate that motorists will drive through a crossing while the signals
are flashing as long as a train does not appear to be in close proximity.
Interestingly, the frequency with which short clearance times occur indicate
that drivers and the MUTCD may have different ideas as to what the necessary
warning time should be.(ll)

Approach Measures

Speed Profiles. The avérage speed at which drivers approached the

Ebenezer Road crossing whenever the warning devices were activated may or may
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not be different after the installation of the four-quadrant flashing light
signals with overhead strobes. Hypothetically, the greater conspicuity of
the new warning devices, and especially that of the overhead strobes, should
cause drivers‘to see the warnihg devices ear]ief and slow down sooner.
However, even if this behavioral change occurred, it may not be large enough
to be statistically significant; and even if it is statisticai]y significant,
it still might not be Targe enough to be meaningful from a praética] point of
view. In addition, the safety benefits of such a speed change are not easily

quantified.

In order to compare characteristics of similar vehicles, approach speed
profi]es for the first vehicles to stop at the crossing. in both the before
and each of the two after studies were plotted as shoWn in figure 30. Each
data point represents average speeds over 50-foot sections of roadway in
advance of the stop bar at the crossing and is plotted at the mid-point of
the section. Data in the range of 50 to 200 feet from the stop bar were
obtained from Camera 1, in the range of 250 feet to 450 feet from the stop.
bar from Camera 2, and in the range from 500 to 700 feet in advance of the
stop bar from Camera 3. Unfortunately, there was such a small amount of data
from Camera 3 that a significant number of average speeds could not be
calculated at the far distances. In addition, the curvilinear nature of the
approach roadway rendered much of the data unsuitable for speed calculations.
Camera 2 was the only camera used in the second after study. Therefore, only
partial data from the first two cameras in the before and first after study
and data from:the_Camera 2 in the second after study are shown in figure 30.

Several observationslcah‘be made concerning the average approach speed
proff]es in the before and after data sets. First, the average speeds in the
first after study (four-quadrant flashing light signals with strobes--May
1986) were lower ﬁhan the average speeds in either‘of the other two studies.
However, close examination of the data reveals that the average speeds in the
before study and the first after study were relatively close to one another;
for practical purposes, they were the same. In other words, even if the
differences were statistically significant, they were so small that-they were

not meaningful from a practical point of viewf(49) Vehicles stopping in
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response to either the two-quadrant flashing light signals or the four-
quadrant flashing light signals with overhead strobes did so in a safe,
gradual, and consistent manner. As a result, the resultant speed profiles
appeared to pose no safety problems for approaching motorists. .
Pefception-Brake.Reaction Time and Deceleration. PBRT was defined as
the difference in time between activation of the flashing 1igHt signals and
the illumination of a vehicie's brake lights. It was expected that the
greater conspicuity of the four-quadrant flashing light signefs with overhead
strobes would cause motorists to brake sooner and as a result decelerate more
gradually. It was also expected that if these differences did exist, they
would be very small and difficult to measure. To compound this problem,
braking for a flashing light s1gna1 is an unexpected event but does not
represent a pressure situation un]ess a tra1n is also visible. Thus, driver

response can’be re]at1ve1y long and h1gh1y var1able

AverageAbrake reaction times in response to the activation of the
f]ashing light signa]s;et the Ebenezer Road crossing were 15.6 seconds in the
before study, 21.7 seconds in the first after study, and 11.5 seconds ‘in the
‘second after study. These differences were large enough to be meaningful,
but because of the relatively small sample size, the results from the
Kruskal-Wallis test indicated that these d1fferences were not large enough to
be statistically significant at the 95 percent confidence level. (44) This
means that installation of the flashing light signals with overhead strobes
had no measurable effect on the PBRT of approaching motorists. Asrat the
other crossings, it was very difficult to determine whether the vehicle of
interest was braking in response to activation of the warning device, a
slower moving vehicle in front of it, or in the case of the Ebenezer Road
crossing, the horizontal or vertical alignment of the road.

In terms of deceleration, drivers approaching activated flashing light
signals at the Ebenezer Road crossing were no different than those reported
in the literature or observed at the other two crossings.(23’24) None of the’
observed deceleration levels in the first after study exceeded a practical
dece]eration level, again indicating nonemergency stops. However, it could
also indicate that drivers had already slowed their vehicles because of the
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horizontal alignment of the road and continuance of this initial slow down in
order to stop resulted in low decelerations.. Whatever the reason, the
maximum deceleration levels observed at the Ebenezer Road crossing did not
indicate a potential safety problem for either the two-quadrant flashing
light signals or the four-quadrant flashing light signals with overhead
strobes.

Safety Measures

Violations. At a crossing with flashing 1ight signals, violations, as
stated earlier, were defined as motorists who could reasonably stop in
response to the warning device but failed to do so. However, because of the
difficulty in determining whether or not a vehicle came to a complete stop,
violations were not counted for the flashing 1ight signal systems. Even if
the number of violations had been counted, installation of the four-quadrant
flashing 1ight signals with overhead strobes was not expected to change their
frequency of occurrence because there were no changes to either the train

detection system or the crossing itself

Vehicles Crossing. The average number of vehicles cfossing between
activation of the flashing light signals and the train's arrival at the
crossing is shown in table 16. The average number of vehicles crossing
ranged from 2.5 to 4.24 in these studies. As there was no statistically
significant difference in the warning times observed during the three stud-
ies, there should have been no difference in the number of vehicles crossing.
The results of the Kruskal-Wallis test verified this premise at the 95
percent confidence level. Interestingly, 40.8 percent of the total observa-
tions haq five or more vehicles crossing after the f]asﬁing light signals
were activated (Summer 1986). As stated before, this is a clear indication
that motorists will drive through a crossing while the signals are flashing

as long as a train is not believed to be in close proximity.

The effects of warning times on the number of vehicles cfossing while
the flashing light signals are activated are shown in table 17. Even though
the majority of the warning time observations are still in the 30- to 40-
second range, there is clearly an identifiable trend--the longer the warning
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Table 16. Vehicles crossing at the Ebenezer Road crossing.1

Flashing Light Signals Flashing Light Signals
Flashing Light Signals with Strobes (Spring 1986) vith Strobes (Summer 1986)
Summary Statistics Day Night Total Day Night Total Day Night Total
Sample s1ze? 101 22 123 16 4 20 42 - T 49
Mean (vehicles). 3.83 1.5 3.43 2.8] 1.25 2.50 4.24 2.1 4.02
Standard Deviation 3.41 1.37. 3.26 1.64 : 1.26 1.67 - 2.8 1.38 2.70
Percent >0 Crossings 911 17.3 88.6 93.8 © O 15.0 9.0 9.5 100.0 9.8
Percent >1 Crossing 74.3 45.5 69.1 81.3 25.0 70.0 8.0 71.4 79.5
Range (vehicles) 0-21 - 0-5 0-21 0-6 0-3 0-6 0-11 1-4 - 0-11
Flashing Light Signals ) Flashing Light Signals
Flashing Light Signals with Strobes (Spring 1986) with Strobes (Summer 1986)

Crossings Observed Train  Percent of Cumulative Observed Train Percent of Cumulative Observed Train  Percent of  Cumulative
(vehicles) Arrivals. Total Arrivals Percentage Arrivals Total Arrivals Percentage Arrivals Total Arrivals Percentage

0 14 1.4 11.4 2 10.0 10,0 4 8.2 8.2

1 . 24 19.5 0.9 4 20.0 30.0 6 12.3 20.5

2 25 - 20.3 51.2 5 25.0 55.0 8 16.3 36.8

3 14 11.4 62.6 4 20.0 75.0 3 6.1 42.9

4 ' 15 12.2 74.8 2 10.0 85.0 8 16.3 59.2

DY 31 25.2 100.0 3 15.0 100.0 20 40.8 100.0
' Total 123 20 49

1Vehicles crossing between activation of the flashing light signals and the train’s arrival at the croséing.

2Includes only those observations in which vehicles were present before the train’s arrival.



Table 17. .Effects of warning times on number of vehicles crossing
' at the Ebenezer Road crossing.

| Warning Observed Average No. Crossing
Study , Time (Sec.)?! Train Arrivals? (per Arrival)
Flashing Light <20 0 -
Signals 20-30 _ 7 - 1.29
' . - 30-40° T 83 ' e 2,79
40-50 . . 38 S 3.82
50-60 , 6 3.83
60-90 ' 6 ‘ - 7.00
Total 123
Flashing Light <20 1 0.00
Signals with 20-30 o - | -
Strobes . | 30-40 13 . . 2.46
(Spring 1986) 40-50 6 - 3.00
' 50-60 - -
60-90 -
>90 -
: ' -~ Total 20
Flashing Light - <20 1 1.00
Signals with - 20-30 ‘ 4 1.50
Strobes 30-40 - 22 3.45
(Summer 1986) - 40-50 ‘ ‘ 16 4.63
. 50-60 4. - 6.25
60-90 2 _ 7.50
>90 - , .
o Total 49

Time between activation of flashing 1igh£s and train's-arrivals at the
crossing. '

2Includes only those observations in which vehicles weFe‘present.
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time, the greater the number of vehicles that will cross while the signal is
flashing. This relationship is illustrated in figure 31. ~Note that if the
warning time is less than 30 seconds, an average of one driver will cross in
front of the train, whereas if the warning time is longer than 30 seconds, an
average of three to four drivers will cross in front of the train. Even
though none of the drivers in any of these observations were in immediate
dénger;‘the greater the number who have to make the decision of whether or
not it is safe to cross, the greater the probability of a wrong decision.

Crossings Less Than 20 Seconds (CL20). Vehicles crossing within 20
seconds of a train's arrival at the crossing has previously been defined as
an indication of aggréssive behavior, i.e., there is some, but not much, room
for driver and/or vehicular error. Although such behavior i1s not illegal, it
represents those drivers who choose to cross within the 20-second minimum
warning time presently required by the MUTCD.(II) Installation of the
four-quadrant flashing 1ight signals with overhead strobes should have no
effect on this driver performance measure as nothing was changed at the

crossing itself.

As shown in table 18, the average number of vehicles crossing within 20
seconds of a train's arrival at the crossing was not noticeably different for
any of the three studies, ranging from 0.94 to 1.47. Additionally, the
Kruskal-Wallis test indicated that there were no statistically significant
differences at the 95 percent‘confident 1eve1.(44) Thus, as expected,
installation of the four-quadrant flashing 1ight signals with overhead
strobes had no effect on the CL20 rate (i.e., aggressive behavior) at the
Ebenezer Road crossing. Surprisingly, over 50 percent of the observations in
each study resulted in at least one CL20, and more than 25 percent of the

observations in each study resulted in multiple CL20s.

A frequency distribution of the observed CL20s at the Ebenezer Road
crossing is also shown in table 18. In the before study, there were 55
observations with no CL20s, 30 observations with one CL20, 20 observations
with two CL20s, 10 observations with three CL20s, and 8 observations with
four or more CL20s. Although the number of observations in each category was
smaller in the after studies, the percentages are almost identical to that of
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Table 18.

CL20s at the Ebenezer Road crossing.

1

Flashing Light Signals

Flashing Light Signals

o Flashing Light Signals with Strobes {Spring 1986) 7 with Strobes (Summer 1986)
Summary Statistics Day Night Total Day Night Total Day Night Total
Sample Size’ 101 2 123 16 4 20 2 7 19
Mean (vehicles) 1.30 0.41 1.14 0.94 0.50 0.85 1.64 0.43 1.47
Standard Deviation 1.50 0.67 1.43 1.12 0.58 1.04 1.45 0.79 1.43
Percent >0 Violations  70.3 31.8 55.3 50.0 50.0 50.0 78.6 28.6 71.4
Percent >1 Violations  36.6 4.6 30.9 31.3 - 0.0 25.0 45.2 14.3 . 40.8
Range (vehicles) 0-7 0-2 0-7 0-3 0-1 . 0-3 0-5 0-2 0-5

Flashing Light Signals wlgiaggiggeglgggrfignﬁ&) wgigsgéggbggg?gﬁggaig%)

CL20s Observed Train  Percent of Cumulative Observed Train Percent of Cumulative Observed Train Percent of - - Cunulative
(vehicles) Arrivals Total Arrivals Percentage Arrivals  Total Arrivals Percentage Arrivals  Total Arrivals Percentage
0 55 4.7 4.7 10 50.0 - 50.0 14 28.6 28.6°
1 30 24.4 69.1 5 25.0 75.0 15 306 59.2
2 20 16.3 85.4 3 15.0 9.0 12 B 7% 83.7
3 10 8.1 9.5 2 10.0 100.0 2 4 81.8
>3 8 6.5 100.0 0 0.0 100.0 6 12.2 100.0

Total 123 20 | 4

IVehicles crossing with 20 seconds of the train’s arrival at the crossing.

2Includes only those observations in which vehicles were present before the train’s arrival.



the before study. A Pearson's chi-square statistic calculated from a 3 by 4
contingency table (three studies by four CL20 rate categories) substantiates
the fact there were no siginificant differences at the 95 percent confidence

level between the three data sets.

The effects of warning times on the CL20 rates at the Ebenezer Road
crossing are shown in table 19. As mentioned previously, and as shown in the
table, mdst,of the observed warning times were in the 30- to 50-second range.
This left very few observations in the other warning time ranges and preclud-
ed any development of trends. An additional complication in the development
of re]atipnshipé,was the fact that the time available for CL20s to occur did
nbt increase with‘an increase in warning time, i.e., it was defined to always
be 20 seconds. However, it is interesting to note that in the 30- to 40-
second warning time.range, there were 1.27 CL20s per train arrival in the
before study and 1.00 to 1.64 CL20s per train arrival in the two after ‘
stgdies. Again, this is an indication that motorists and the MUTCD may have
different ideas as to what the necessary warning time at a railroad-highway

grade crossing should be.(11)

Crossings Less Than 10 Seconds (CL10). Vehicles crossing within 10
seconds of a train's arrival at the crossing has previously been defined as
an indication of risky behavior, i.e., there is little room for either driver
and/or vehicular error. Although not necessarily illegal, such behavior
intuitively increases the likelihood of an accident occurring. It was
expected that installation of the four-quadrant flashing light signals with
overhead strobes would have no effect on this driver performance measure as

nothing was changed at the crossing itself.

As shown in table 20, 14 CL10s (12 single CL10s and 1 double CL10) were
observed at the Ebenezer Road crossing in the before study, i.e., 14 motor-
ists crossed the tracks within 10 seconds of the train's arrival. Thirteen
of the CL10s (11 single CL10s and 1 double CL10) occurred during the day and
1 CL10 occured at night. In fact, in at least onz case, two motorists
crossed the tracks within 10 seconds of a train's arrival. Because the small

number of observed CL10s (risky benavior) in the two after studies did not
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Table 19. 'Effects of warning: times on CL20 rates at '
’ the Ebenezer Road crossing. - :

Warning ... Observed = - ‘Average.CLaos‘f‘

- Study Time (Sec.)! Train Arrivals? -+ (per Arrival)
Flashing Light <20 0 o=
Signals - 20-30 o 7 S 0.57

: 30-40 - S X ' 1.27 -
40-50 - 38 - - 1.16
50-60 6 o 0.17
60-90 6 = 0.67
>90 3 . 2.33
Total 123
. Flashing Light - <20 1 0.00
. Signals with 20-30 E - ERPER .-
- Strobes ‘ 30-40 13 ' o - 1.00 -
" (Spring 1986) 3 40-50 ‘ 6 L 0.67
. 50-60 - -
60-90 : ‘ - -
>90 - -
Total 20
Flashing Light <20 1 1.00
Signals with 20-30 4 1.25
Strobes 30-40 22 1.64
(Summer 1986) 40-50 16 1.31
50-60 4 1.75
60-90 2 1.00
>90 - -
Total 49

1Time between activation of flashing lights and train's arrivals at the
crossing.

2Includes only those observations in which vehicles were present.
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Table 20.

CL10s at ‘the Ebenezer Road crossing.

. Flashing Light Signals g ﬁigiaggiggeLi%ggriign?éZG) wgégsgiggsgig?gug;g¥a%386)3
Sunmary Statistics . Day Night Total Day Night Total .= Day Night thal'j
Sample Size 101 22 | 123 | 16 4 26 - i 42 }E7 Qé -
ﬁean (vehicles) 0.13 0.05 - 0.11 :0.00 0.25 0.05 5 0.26 7.0.0@ Q.ZiA
Standard Deviation 0.37 0.21 S 1.3 . -0.00 10.50 0.22 0.5¢ 000 0.51:
Percent with Conflicts 11.9 46 106 70.0. 25.0 5.0 2. \ 0.0 184
Range (vehicles) . 0-2 0-1 0-2 - 0-0 0-1 0;1 - 0-2 ;‘O-Of Lb-Z '
0 CL10s/Arrival 89 21 10 16 3 19 33 0 0
1 CL10s/Arrival 1 1 12 0 1 1 i Yo e
2 CL10s/Arrival ! 0 1 0 0 0 2- 0 2

1Vehi‘cles_rcro'ssing within 10 seconds of the train’s arrival ét the crossing. -

2Inc1udes only those observations in which‘vehicles were present.priof to the train's arriﬁal.<



allow meaningful statistical comparisons to be made between the three stud-
ies, the two after studies were combined and compared to the before study.
Thus, a total of 12 CL10s were observed in the two after studies--11 during
the day and 1 during the night.” A Pearson's chi-square statistic calculated
from a 2 by 2 contingency tab]elindicated that the observed CL10s 1h the
vbefore (two-quadrant flashing light signals) and after (four-quédfaht flash-
ing 1ight signals with overhead stfobes) data sets were not signffidant]y
different at the 95 percent confidence level. It is interésting‘to;note,
however, that 24 of the 26 observed CL10s occurred during the day. :The
obvious conclusion is that CL10s were more likely fb o¢cqr during this period
of time; however, the reasons why are nof o) c]eér. For example, do fewer
drivers take risk at night because they have poorer visibility of approaching
trains or do fewer drivers take risk at night because there are fewér of them

in a position to take the:risk, ji.e., less exposure?

One interesting observation from this data set is that the CL10 ratg;
and percentages were more than twice as high at Ebenezer Road than they were
at Cherry Street with two-quadrant gates. Even though driver perfofmance
measures at the two crossings are not directly comparable becadse‘of differ-
ences in location, crossing surfaces, and warning devices, one point is worth
mentioning--the maximum train speeds at the Ebenezer Road crossing are almost
twice as high as at the Chérry Street crossing (55 miles per hour as compared
to 30 miles per hour). Motorists crossing in front of a train a fixed
distance from the crossing will have shorter clearance times at the higher
speed crossing. Thus, these data might be an indication of the difficulty
motorists have in estimating a train's speed (especially if the speed is

high) and its subsequent arriva] at the crossing.
Summary

The active warning devices at the Ebenezer Road crossing are operating
at level of service B or C (i.e., at an acceptable level to most motorists).
As the intent of the additional flashing 1ight signals with overhead strobes
was to provide increased conspicuity of the warning devices, performance
measures such as clearance times, violations, and vehicle crossing rates were
not expected to change. The resultant analysis substantiated this premise.
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Performance measures such as approach speed profiles, PBRTs, and maximum
dece]erat1on levels were expected to change. Unfortunately, a number of
additional variables such as horizontal and vertical alignment added extran-
eous variab111ty in the measurement process. This var1ab111ty was so great
that it may have hidden any pos1t1ve or negat1ve effects on dr1ver behavior
that might have occurred. From the data collected and analyzed, four- o
quadrant f]ash1ng 11ght s1gna1s w1th overhead strobes had no discernible .
effect on driver behav1or at the Ebenezer Road crossing; driver behav1or was
essentia]]y the same as when standard flashing 1ight s1gna1s were used and no
quantifiab]e 1mprovements in safety could be ascertained.

116



VII. HIGHWAY TRAFFIC SIGNAL

"The Cedar Drivé troséing had severe safety problems as evideﬁéed"by its
high hazardvrankjng (31st most dangerous crossing in the State) and the three
car-train accidents that occurred at this‘sité‘during the past 5 years. It
was hypothésized:that these safety problems were due to‘é'cdmbinatﬁoh of
re]atlvely h1gh train and traffic volumes, limited s1ght d1stance at the
crossing, and 1ong warning times resu1t1ng in numerous motor1sts crossing in
'front of approaching trains. Because highway traffic s1gnals have a rela-
’ztlvely high 1evel of driver cred1b111ty and respect, their installation at
the Cedar Drive crossing was expected to discourage motor1sts from crossing

in front of approaching trains.

Because the highway traffic signals legally prohibit crossing rather
than physically doing so, the average clearance time between the last vehicle
to cross and the train's arrival at the crossing was not expected to in-
crease. Howevér, the average number of vehicles crossing per train arrival
was expected to decrease. These behavioral modifications have implied safety
benefits in that they provide greater spatio-temporal separation hetween
trains and motor vehicles for a larger number of motorists. The anticipated
secondary change in driver performance was better response to the new devices
(quicker PBRTs and lower deceleration levels) as a result of the greater
conspicuity of the white bar strobes and‘credibi]ity of the traffic signal.
As noted previously, differences in these performance measures were not
expected to be easy to quantify, and the related safety benefits were not
expected to be as straightforward.

It should be noted that there was a fundamental difference in the
definition of a violation at a crossing with flashing light signals (before
study) and one with highway traffic signals (after study). For example,
violations at a crossing with flashing light signals were defined as vehicles
that could reasonably stop in response to the activated warning devices but
failed to do so. However, because of the difficulty in determining whether
or not a vehicle came to a complete stop, violations were not counted for the
flashing 1ight signal systems. Violations at a crossing with a highway
traffic signal were defined in terms of illegal behavior (i.e., running a red
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light) and could easily be counted. Because of the different definitions,
violation rates between the two conditions at the Cedar Drive crossing were

not directly comparable.

The highway traffic signals were installed at the Cedar Drtve crossing
during April 1986. Prior to this time, the active warning devices at the
crossing were standard two-quadrant flashihgv1ight signals. Because it Was
felt that Tong warning'times at this crossing might 1essen‘the traffic
signal's cfedibi]ity, predictors wére installed during November 1985 to
provide shorter and more consistent waroing times. Both train movement and
driver behavior data were collected for approximately 2 months before the
predictors were insta]]ed-(May ahd June 1985), 2 months after the predictors
were installed and before the highway traffic signals were installed (Febru-
ary and March 1986), and 2 months after the h1ghway traffic s1gna1s were .
installed (July and August 1986). The resu]ts from the Cedar Drive crossing
will be reported as three studies--first before study (flashing 1ight signals
without predictors), second before study (flashing light signals with predic-
tors),'and after study (higHway traffic signals with predictors). During
these three studies 231 train movements were observed. There were 89 train
moVements observed in the first before study, 50 train movements observed in
the second before study, and 92 train movements observed in the after study.
For each observation, the environmental and 1ighting conditions; train's
direction of travel and warning time; and approaching vehicle's clearance

time, speed profile, and‘PBRT were recorded and subsequént}y analyzed.

This chapter describes the éva]uation of the three combinations of
active warn1ng dev1ces that were installed at the Cedar Drive crossing. The
first step in this process was an assessment of the level of service at which
the active warn1ng devices were operating. As before, this determination,
based on average'waiting time at the crossing, was similar to the 1eve1-.
of- service criteria for average delay at s1gna11zed intersections presented

in the 1985 Highway Capacity Manual and previously discussed. (48) Second,

the driver performance measures for the two warning devices were summarized
and compared from both statistical and practical standpoints. Third, the
safety implications of installing predictors and/or highway traffic signals

are discussed.
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Crossing Measures

AR

“'Warning Time. Warning time was defined as the difference in timel
between activation of either the flashing light signa1s or the hidhway
traffic signals' yellow and the train's arrival at the crossing. It is the
" same as the maximum amount of time a motorist would have to wait between
activation of the warning devices and the train' s'arriva1'at the crossing
It was expected that the installation of the predlctors at the Cedar Drive
crossing wou]d result in shorter and more cons1stent warn1ng t1mes In other
words the warn1ng times should be shorter in the second before study (four-
1‘quadrant f1ash1ng Tight s1gna1s with pred1ctors) than they were in the first
before study (four-quadrant flashing 1light s1gnals without pred1ctors)

"'However ‘becatse the same ‘predictors were used’ in the two latter stud1es

““there should have been no differences in the warn1ng t1mes between the second
before study and the after study (h1ghway traffic s1gnals w1th pred1ctors)

To ver1fy these prem1ses the total data set from“eaCh stUdy was subdi-
-%v1ded into observations that occurred during the day and observations that
occurred during the’ n1ght to ensure that similar train and traffic volume

“ onditions were compared. These two subsets, together with the tota] data
T"set,‘were thenfana1y2ed. As shown in table 21 the mean warn1ng t1me from
’”511 three data subsets was significantly longer in the first before study.
The mean warning time in the first before study was 75.2 seconds, in the
second before study was 41.7 seconds, and in the after study was 36.3 sec-
onds. The Kruskal-Wallis test for two or more independent, continuously
distributed populations indicated that these differences were statistically
s1gn1f1cant at the 99 percent confidence level. (44) This means that, as
- expected 1nsta11at1on of the predictors decreased the average warning time
at the cross1ng and that once the predictors were in place, installation of
the highway traffic s1gna1 had no further effect on the average warnind time
at the crossing. This f1nd1ng is shown clearly in the illustration of the
7 frequency and cumulat1ve frequency distributions of the warn1ng times from
the three data sets shown in f1gure 32. In addition to the between study
”resuTts the'Mann-Whitney U test indicated that there was not a statistically
significant d1fference at the 95 percent level between the day and n1ght data
‘Sets from any of the three studies.
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Table 21. Warning times at the Cedar Drive crossing.

1

~ Flashing Light Signals

Flashlng nght Slgnals Highway Traffic- Slgnals
without Predictors - ._with Predictors with Predictors
Summary Statistics Day Night Total Day Night Total Day Night- ~ . Total
Sample Size 53 36 89 22 28 50 - 67 5 IR
Mean (seconds) 73.7 71.6 5.2 40.5 42.7 417 38.1 3.5 3.3
Standard Deviation 20.6 13t 17.9 15.5 19.9 18.0 21.7 8.4 . Coo19.2
~ Range (seconds) 47-141 56-119 47-141 27-89 28-121 27-121 23-161

8-57 T 8-16l

Flashing Light Signals
vithout Predictors

Flashlng nght Signals

with Predictors -

Highway Traffic Signals
with Predictors

e etnds) e i e o e ey T e o e O i e s famiative
<20 0 0.0 0.0 0 0.0 0.0 2 2.2 2.2
20-30 0 0.0 0.0 6 12.0 12.0 28 30.4 - 32.6
30-40 0 0.0 0.0 28 56.0 68.0 53 576 © - 9.2
40-50 4 4.4 4.4 6 120 - -80.0 3 3.3 93.5
50-60 13 14.5 18.9 5 10.0 9.0 1 1.0 9.5
60-90 57 64.5 83.4 ¢ 8.0 98.0 2 2.2 96.7
>90 - S | 16.6 1000 1 2.0 . 100.0 3 3.3 1000

Total 89 - % '

1Time between either activation of flashing lights or onset of yellow and the train’s arrival at the crossing.
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Figure 32. Frequency and cumulative frequency distributions of observed
warning times at the Cedar Drive crossing.
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As with the other two crossings, it was hypothesized that the warning:
times observed at the Cedar Drive crossing would have a major influence on -.
driver performance, i.e., the Tonger the warning time, the larger the number
of drivers that would exhibit dangerous and/or illegal behavior. By using -
the “level of service criteria previously developed, less than 5 percent of . -
the observed warning times in the first before study (without predictors)
were level of service C or better, and over 80 percent of the observed
warning times were level of service F (unacceptable). However, after:the:-.
predictors were installed, 80 percent of -the observed warning times were .
level of service C or better, and only 10 percent were level .of service F. -
In fact, over 68 percent of the observed warning times were level of service
B or better. When the highway traffic signals were installed in conjunction
with the predictors, over 90 percent of the observed warning times were level
of. service B or better and only 5.5 percent were level of service F.. Clear-
-1y, installation of the predictors greatly improved the level of service of .
‘the active warning devices at the Cedar Drive crossing, and as a resQthvw;,
should have improved driver behavior at the crossing by reducing the number .

of dangerous and/or illegal maneuvers that took place.

Clearance Time. <Clearance time was defined as the difference in time .
between thée last vehicle to cross and the train's arrival at the crossing. .-
As neither the predictors nor the highway traffic signals physically blocked
the road, their installation separately would probably not result in an
increase in average clearance times. However, because the predictors signif-
jcantly shortened the averége warning time at the crossing, they in:combina=
tion with the traffic signal were expected to give enough credibility to the
warning devices to increase average clearance times at the crossing. "If in.
fact this was to occur, the additional temporal separation between the cars’
and trains would be a definite safety benefit. It should be noted that:this
benefit is expected to be the result of both the predictors and highway.
traffic signals being installed at the Cedar Drive crossing..

Clearance times were only recorded for those train arrivals 1n.which a
vehicle arrived at the crossing between the activation of the flashing 1ight
signals and the train's arrival at the crossing; there was an opportunity for
a vehicle to.cross in front of the train. Thus, the number of clearance
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times observed will always be less than or equal to.the number of train
arrivals. As shown in table 22 there were 83 clearance times observed in the
first before study (two-quadrant flashing lights without predictors), 39
clearance times observed in the second before study (two-quadrant flashing
light signals with predictors), and 29 clearance times observed in the after
study (highway traffic signals with predictors). As with the warning time:
data set, the total data from each study was subdivided into observations
that occurred during the day and observations that occurred during the night
to ensure that similar train and traffic volume conditions were compared.
These two subsets, together with the total data set, were then analyzed.

The mean clearance times from the total data sets were approximately the
same for all three studies, ranging from 20.1 to 20.9 seconds. The Kruskal-
Wallis test for two or more independent, continuously distributed populations
confirmed that these differences were not statistically significant at the 95
percent confidence 1eve1.(44) However, there was a significant difference
(at the 98 percent confidence level) between the daytime data sets from the
two before studies and the daytime data set from the after study. This means
that installation of the predictors had an effect on the daytime clearance
times observed at the crossing. Installation of the highway traffic signals
in_combination with the predictors did lengthen the clearance times observed

in the daytime data sets.

Interestingly, the Mann-Whitney test indicated a statistically signif-
icant difference for clearance times at the 99 percent confidence level
between the day and night data sets from the two before studies. There was
not a difference between the day and night data sets from the after study. .
This means that the clearance times observed were different between day and
night operation for both the flashing light signals without predictor study
and the flashing 1ight signals with predictor study, however, there was no
difference between day and night operation for the highway traffic signal
wfth predictor study. The frequency and cuhu]ative frequency distributions

of c]eakance times from the three data sets are shown in figure 33.

As at the other two crossings, it was hypothesized that even though

warning times have a major influence on driver behavior, a small percentage
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Table 22. Clearance times at the Cedar Drive cr‘ossing.1

Flashing Light Signals Flashing Light Signals Highway Traffic Signals
without Predictors with Predictors with Predictors
Summary Statistics Day . Night Total Day Night Total Day Night Total
Sample Size2 53 .30 83 19 20 ' .39 20 9 :29
Mean (seconds) 15.7 ‘ 28.2 20.1 16.2 63 - ’7 21.4 20.7 21.4 . " 20.9
Standard Deviation 13.2 - 15.0 15.0 5.8 18.¢ o149 8.4 105 f{ 8.¢
Percent <20 seconds 79.3 J 31.0 62.6 3.7 50.0 B Y - 45.0 55.6 - "48.3
Percent <10 seconds 3.7 103 21.7 15.8 5.0 10.3 15.0 1.1 138
Range (seconds’) 4-73 6-66 4-73 1-28 6-96 , ' 6-9 5-34 10-45 - 5-45
Flashing Light Signals ) Flashing Light Signals - Highway Traffic Signals
2 without Predictors with Predictors : with Predictors
= (learance Times Observed Train  Percent of Cumulative Observed Train Percent of Cumulative Observed Train Percent of  Cumulative
(seconds) Arrivals Total Arrivals Percentage . - Arrivals  Total Arrivals Percentage Arrivals  Total Arrivals Percentage
<10 23 21.7 27.7 4 10.3 10.3 4 13.8 13.8
10-20 29 34.9 62.6 20 51.3 , 61.5 10 34.5 48.3
20-30 15 . 18.1 80.7 10 25.6 .87.2 11 37.9 86.2
30 16 19.3 100.0 5 12.8 - 100.0 4 13.8 100.0
' Total & 3 R

1Tifrie between the last vehicle to cross and the tfain’s‘arrival at the crossing.

2Includes only those observations in which vehicles were prééent before the train’s arrival.
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of drivers would exhibit undesirable (dangerous or illegal) behavior no
matter how short the warning times were. Therefore, it was expected at the
Cedar Drive crossing that many dangerous and/or illegal maneuvers would be -
made during the first before study when the warning times were long and fewer
dangerous and/or illegal maneuvers would be made when the warning times were
shorter, as in the second before study and the after study.

By using ‘the four categories of driver performance and associated
clearance times, 27.7 percent of the clearance times in the first before
study would be classified as risky, whereas only 10.3 to 13.8 percent of the
clearance times observed in the second before study and the after study,
respectively, would be classified as risky. Additionally, over 60 percent of
the observed clearance times in the first two before studies would be:classi-
fied as either risky or aggressive, but under 50 percent of the observed
clearance times in the after study would be classified as risky or aggres-
sive.- This seems to indicate that the shorter warning times which resulted
from the installation of the predictors were successful in reducing risky
behavior at the Cedar Drive crossing, and the installation of the highway :. -
traffic signals in combination with the predictors was able to further reduce

aggressive behavior exhibited by motorists at the Cedar Drive crossing.
Approach Measures

Speed Profiles. - The average speed at which drivers approached the Cedar
Drive crossing whenever the warning devices were activated may or may not be
different after the installation of either the predictors or .the highway
traffic signals with predictors. Hypothetically, the predictors should have
had no effect on approach speeds, and the greater conspicuity of .the white
bar strobes ard the additional credibility of the highway traffic .signal
should have caused drivers to see the warning devices earlier and begin
decelerating sooner. However, as mentioned previously, even if this behav-
joral change occurred it may not be large enough to be statistically signifi-
cant, and even if it is statistically significant, it still might not be

large enough to be meaningful from a practical point of view.
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In order. to.compare characteristics of similar vehic]es,\approacﬁ speed
profiles fbr the first vehicle to stop at the crossing in each of the two
before studies-as well as the after study.were plotted-as shown in figure 34.
‘Each data point represents average speeds over 50-foot sections of roadway in
advance of the stop bar at the crossing and-is plotted at the midpoint .of the
section. Data in the range of 50 to 200 feet from the stop bar were obtained
from Camera 1, in the range of 250 to 450 feet from the stop bar from Camera
2, and in the range: from 500 to 700 feet in advance of the stop bar from
Camera ‘3. - However, as with the other crossings, there was such a small
amount of available data from Camera 3 that a significant number of average
speeds could not be calculated at the far distances. Additionally, Camera 2
‘was .the. only one used in the after study. Therefore, only data from the
first two cameras in-.the two before studies and data from the second camera

in the. after study are shown in figure 34.

- -, Several observations can be made concerning the .average approach speed -
profiles in. the before and after data sets.. First, the average speeds in.the
first before study were about 5 miles per hour faster than they were in théﬂ
-second before study and as expected about 10 miles per hour faster than .they
were in the after study. This indicates that the highway traffic signals.
with the white bar strobes in front of the red lenses may have been visible
~ farther from the crossing than were the flashing light signals. It is. .
interesting to note that in all three studies the first vehicle to stop began
~slowing. about 450 feet.-from the stop bar and that stopping vehicles did so in
a safe, gradual, and consistent manner.- In addition, the resultant speed
profiles appeared to pose no safety problems for approaching motorists. .

Perception-Brake Reaction Time and Deceleration. PBRT was defined as.
the difference in time between activation . of the flashing 1ight signals and.
the illumination of the vehicle's brake lights. It was expected that the
greater conspicuity and -additional credibility of the highway traffic signals
would cause motorists to brake sooner and as a result slow down more gradual-
ly. It was.also expected that if these differences did exist, they would be
small and very difficult to measure. To compound this problem, braking for a
flashing light signal is an unexpected event but does not represent a pres-

sure situation to a driver unless a train is also visible. Drivers know that
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Figure 34. Average apnproach speed profiles for vehicles in
advance of the Cedar Drive crossing.
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there is at least some length of time before a train's arrival at the cross-
ing, thus driver response to activation of a flashing light signal should be
relatively long and probably highly variable.

Average PBRTs in response to the activation of either the flashing light
signals or onset of the traffic signals' red indication were 26.6 seconds in
the first before study, 17.1 seconds in the second before stﬁdy,iend 19.2
seconds in the after study. In all three cases the standard;deviEtion was
almost as large or larger than the mean. The Kruskal-Wallis test'indicated
that the differences were not stat1st1ca11y s1gn1f1cant at the 95" percent
confidence level. 1In other words, the’ variability in the brake t1me data
precluded being able to find any‘s1gn1f1cant differences that might exist.
These long reaction times. conf1rm the prem1se that brak1ng in response to
either a flashing 11ght s1gna1 or a highway traff1c s1gna1 at a railroad-
highway grade. cross1ng did not represent a. pressure s1tuat1on (short reaction
times) and,’ because of this, was highly var1ab1e (1arge standard deviations).
As at the other cross1ngs an addit1ona1 comp11cat1on w1th measur1ng brake
react1on t1mes was the d1ff1cu1ty in determining whether the vehicle of
interest was braking in response tg the activation of the warning device, a
slower moving vehicle ehead of it, the roughness of the crossing itself, or

something else.
Safety Measures

Violations. At a crossing with flashing 1ight signals, violations were
defined as motorists who could reasonably stop in response to the warning
device but failed to do so. However, as mentioned previously, because of the
difficulty in determining whether or not a vehicle came to a complete stop,
violations were not counted for the flashing 1ight signal systems. At a
crossing with highway traffic signals, violations were defined as a motorist
driving through the crossing while the signal displayed a red indication,
i.e., a violation of the motor vehicle laws. As the highway traffic signals
did not physically block the roadway, their installation was not expected to
eliminate violations at the Cedar Drive crossing. Installation of the
predictors and/or installation of the predictors in combination with the
highway traffic signals was expected to provide enough credibility in the
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warning devices to significantly reduce the number of violations at the
cross1ng Unfortunate]y, because of the different def1n1t1ons a direet
comparlson of the violation rates between the two conditions was not poss1—
ble. :

When highwayjtraffic signals nere-installed at the CedarfDriVe‘crossing,
the average and maximum number of motorists per train arrival who "ran ‘the
red" (111ega1 behavior) was 0.68 and56‘respect1ve1y These statiéthS‘were
based. on the 78 observat1ons where vehicles were in the cr0551ng area pr1or
to the train's arrival. | Of this total there were 49 observations in which no
motorists.behaved i1legally, 16 observations in which one motorist behaved
illegally, and only 13 observations in which more than one motoriét behaved
illegally. Thus,fin 35.9 percent of train arrivals in which a motor vehicle
was at the crossing, one or more yehicieé proceeded through a'red inditation;
on the. signa] head A]though not‘comparable it is 1nterest1ng to note that
at two cross1ngs with approximately -the same vehicular traffic vo]umes the
rate and frequency of violations at the cross1ng with highway traff1c s1gnaﬁ§
(Cedar Drive) were much lTower than they were at the crossing with two-” _
quadrant,gates_(Cherry Street). However it should also be noted that the -
highway traffic signals were operating 90 percent of the time at level of
service B, whereas the two quadrant.gates were operating over 70 percent of f
the time at level of service D or F. Thus, it is not clear whether the |
d1fferences in-driver behav1or are a result of differences in warning dev1ces

or d1fferences in their operational -level of service.

Vehicles Crossing;‘ Theyaverage number of vehfc]es crossihg.between
activation of either the flashing- light signals or the highway trafficr
. signals and the train's arrival at the crossing are shown in table'23 ~As
: there was a.statistically significant difference in the warning times ob-
served. durlng the three studies, it was hypothesized that there would be a
51gn1f1cant difference in the number of vehicles crossing. The Kruskal
Wallis test verified this premise'at the 99 percent confidencerleve1 for the
day, night, and total data sets, i.e., a signiffcant reddction1in the number
of vehicles crossing was rea]ized'as a resu]t of the predictbrs being in-
stalled. The predictors in comb1nat1on with the highway traff1c s1gna1s
reduced the average number of vehicles crossing per train arrival from 3.35
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Table 23. Vehicles crossing at the Cedar Drive ;rossing.1

Flashing L] ht Si nals N Flashing L1 ht Signals ' Highway Traffic Signals

) . without Predictors with Predictors vith Predictors
Summary Statistics - Day Night . Total Day - - Night - Total Day nght Total
Sample Size? 53 30 TR | R "E N 59 19 78
Mean (vehicles) 1328 © 6.40 10.86 3.8 2.9 3.3 0.8 0.53 0.73
Staﬁdard,Deviatlon : 7.74 : 6.28 7.91 S 3.3 2.50 2.9 1.47 0.61 1.32
Percent >0 Crossing = - 100.0 ' 97.6 98.8 90.5 T 83.3 86.7 33.3 47.4 37.2
Percent >1 Crossing 9.1 86.7 : 94.0 - N4 -, 62.5 66.7 20.3 5.3 - 16.7
Range (vehicles) ‘ 1-40 0-24 0-40 0-12 0-9 012 0-7 , 0-2 0-7

Flashing Light Signals : . Flashlng Leght Signals : nghway Traffic Signals
without Predictors with Predictors with Predictors )

Crossings Observed Train  Percent of Cunulative Observed Train Percent of Cumulative Observed Train Percent of  Cumulative
(vehlcles) Arrivals Total Arrivals Percentage _Arrivals  Total Arrivals Percentage Arrivals  Total Arrivals Percentage

0 1 1.2 L2 - 6 13.3 133 49 - 62.8 62.8

1 4 4.8 6.0 9 C 200 . 383 16 20.5 83.3

2 5 6.0 12.0 6 133 - 4660 6 7.7 91.0

3 8 9.7 2.7 6 133 59.9 4 .5l 9.1

4 2 2.4 2.1 7 157 5.6 0 0.0 9.1

>4 63 75.9  100.0 o 244 100.0 3 3.9 100.0

Total & ' 45 ' 78 -

;Vehicles crossing after either activation of the flashing light signais or the traffic signal changing to yellow and the train’s arrival at the
crossing. S

2Includes only those'observations'in which vehicles were present before the train’s arrival.



to 0.73 when compared to flashing -1ight signals with predictors. - Thus, the

highway traffic signals reduced the number of vehicles that crossed in front
of an oncoming train by a factor of five (80 percent) compared to the flash-
~ing light signals when both systems had a predictor installed.

The effects of warning times on the number of vehicles crossing while
the flashing light ‘signals were activated or the highway traffic signals were
red also are shown in table 24. Even though the total observations are not
distributed evenly throughout the warning time categories, there is clearly
an identifiab]e trend, i.e., the longer the warning time, thé greater the
number of vehicles that will cross while the warning devices are activated.
This relationship is illustrated in figure 35. These results were expected;
however, what was not expécted was the differences between the flashing light
signals with and without predictors. For example, without predictors warning
times in the 40- to 50-second range resulted in an average of 10.0 vehicles
crossing per train arrival, whereas with predictors, the same warning'timés
resulted in an average of 4.33 vehicles crossing per train arrival. This
difference is attributed to the shorter and more consistent warning times
with predictors. In other words, simply installing the predictors at the
Cedar Drive crossing improved the warning device's operation from level of
service. F to 1eve1 of service C and resulted in fewer drivers cross1ng in
front of oncoming trains for the same range of warning times.

1,Interestingly, with predictors, the average number of vehicles crossing
compares favorably to the results from the Ebenezer Road crossing; if the
warning time is less than 30 seconds, an average of one driver will cross in
“front of an oncoming train, whereas if the warning time is as long as 50
seconds, an average of 3 to 4 vehicles w111 cross in front of the train.
This is not altogether surprising as the act1ve warning dev1ces at both the
Ebenezer Road crossing and the Cedar Drive crossing with predictors were
exposed to similar traffic volumes and were both operating at level of
service B or C. Thus, it appears that traffic volume and the level of
service at which the flashing 1ight signals are operating may be a good
indication of the average number of vehicles that will cross in front of an

oncoming train.
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Table 24. Effects of warning times on number .of vehicles crossing
~at the Cedar Drive crossing. . A

Average
. : Warning - - Observed - No. Crossing
Study . Time (Sec.)! . Train Arrivals? (per Arrival)
Flashing Light , <20 S ; - . -
Signals without - 20-30 ' - o -
Predictors : ‘ 30-40 : - . -
40-50 4 .10.00
50-60 ‘ 11 9,17
60-90 S 53 - S 9.24
>90 .15 19.00
Total 83 . ' S
Flashing Light <20 0 -
Signals with : 20-30. 5 - 1.60
Predictors . , 30-40 24 2.75
40-50 6 4,33
50-60 5 4,40
60-90 4 6.75
>90 ' 1 2.00
Total 45 T
Highway Traffic <20 1 0.00
Signals with : 20-30 24 0.21
Predictors 30-40 46 1.00
40-50 2 1.00
- 50-60 1 1.00
60-90 1 0.00
>90 ' 3 1.00
‘ .~ Total 78

1Time between activation of flashing 1ights and train's arrivals at the
- crossing. T ' ' T o

2Includes only those observations in which vehicles were present.
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Crossings Less Than 20 Seconds (CL20). Veh1c1es crossing within 20
seconds of a train's arrival at the crossing have previously been defined as
an indfcation of aggressive behavior, i.e., there is some, but not much, room
for Jriver and/or vehicular error. Although such behavior is not necessarily
111ega1 it represents those drivers who choose to cross within the 20-second
m1n1mum warning time presently required by the MUTCD. (ll) 'As shown in table
25, the average number of vehicles crossing within 20 seconds of the train's
arr1va1 at the Cedar Drive crossing was not1ceab1y 1ower in both studies
where:the pred1ctors were installed, being reduced from an average of 1.81 to
0.24.. The Kruskal-Wallis test indieeted that these reductions were statisti-
cally significant for both the“da& and total data sets at the 99 pereent
conf1dence level. (44) _.Thus, as expected, installation of the pred1ctors and
of the pred1ctors 1n comb1nat1on w1th the highway traffic signals signif-
icantly reduced the number of CL20s &t the crossing. The installation of the
highney”traffic signals reduced the CL20s from 0.78 (with flashing 1ight
signeis),toho.24 when predictors were used with both systems. There was
11tt],§,j‘d‘iffe‘};e;ﬁ'fc‘e*"“’i’ﬁ“‘thgf average CL20 rates for any of the nighttime data

sets.

A frequency d1str1but1on of the observed CL20s at the Cedar Drive
crossing is a]so shown 1n tab]e 25.. CIn the f1rst before study (f]ashing
light signals without pred1ctors), there were 30 observations with no CL20s,
11 observations with one CL20, and 42 observations with two or more viola~
tions. The number of observations in each category were smaller and the
percentages were different in the two studies with predictors present. A
Pearson's chi-square statistic calculated from a 3 by 3 contingency table
(three studies b& three CL20 rate categories) substantiates the fact that
these differences (fewer multiple CL20s) were significant at the 95 percent
confidence level. Interestingly, the most effective warning device as far as
preventing CL20s was the predictors in combination with the highway. traffic
signal; 82 percent of the observations in the after data set resulting in no
CL20s. This compares with 46.7 percent for flashing light signals with
predictors.

The effects of warning times on the CL20 rates at the Cedar Drive
crossing are shown in table 26. As mentioned previously, and as shown in
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'Tab1e 25. CL20s at the Cedar Drive crossing.1

Flashing Light Si nals Flashing nght Signals ’ nghway Traific Slgnals
without Predic with Predictors with Predictors
Summary Statistics Day : nght Total Day Night Total Day ‘Night Total
Sample Size? 53 -0 8 2 2 45 59 19 78
Mean (vehicles) 2% - 0.8 1.82 0.% 0.63 0.78 0.24 - 0.26 . 0.24
Standard Deviation 1.74 1.60 . 1.84 0.86 1.10 1.00 0.63 0.45 0.59
Percent >0 Vioiations 79.2 345 .63.9 66.7 . 41.7 53:3 - 15.3 2.3 180
Percent >1 Violations 67.5 17.3 50.6 33.8 8.3 15.5 6.8 0.0 5.2
Range (vehicles) 0-6 ) 0-6 - 0-6 0-3 0-5 0-5 0-3 0-1 0-3
— Flashing Light Si als Flashing Li e3ht Signals - nghway Traffic Slgnals
g;: without Predic with Predictors vith Predictors S
CL20s Observed Train  Percent of Cumulative Observed Train Percent of Cumulative Observed Train Percent of . Cumulative -
(vehicles) Arrivals Total Arrivals Percentage Arrivals  Total Arrivals Percentage Arrivals  Total Arrivals Percentage
0 : 30 : 36.1 - 36.1 - 21 46 77_5 46.7 R 64 .- &0 - 82.0
1 1 133 494 . 11 .. 38 8.5 - 10 . 128 : . %8
2 13, ©18. 6.1 5 o1 %.6 3 39 ]
3 12 145 79.6 1 2.2 - 97.8 1 1.3 . 100.0
>3 _7 ,ﬁ', 20.4 100.0 1 2.2 100.0 0 0.0 ' : 100.0
Total 83 . 45 . 78 '

lyenicles crossing Hlthll!l 20 seconds of the train's arrlval at the crossing.

2Includes only. fbose ohservatmns in wlnch vehicles were present before the- tram s arnval




Table 26. Effects of warning times on CL20 rates at the
: Cedar Drive crossing.

Warning v 1'j' ' Observed Average CL20s

Study ‘ : Time (Sec.)* .. Train Arrivals? (per Arrival)

Flashing Light <0 . 0 -

Signals without 20-30 . . . - =

Predictors 30-40 . - -
‘ ' o 40-50 o : 4 ‘ ©3.75
50-60 _ 11 2.45
60-90 53 - 1.63
>90 - . - 4 15 1.53

c Total 83 :

Flashing Light ‘ <20 0 -
Signals with N ~20-30 5 0.80
Predictors - .- 30-40 24 . 0.83
o - © 40-50 6 1.00
50-60 5 0.60
60-90 4 - 0.50
>90 _ 1 0.00

» o Total .45
Highway Traffic <20 1 0.00
Signals with 20-30 24 0.17
Predictors _ 30-40 46 0.33
B 740-50 2 0.00
© 50-60 1 0.00
60-90 1 0.00
>90 3 0.00
Total 78

'Time between activation of f1éshing lights and train's arrivals at the
crossing. -

?Inc]udes on]y,those observations in which vehicles were present.
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table 25, the distribution of the observed warning times was significantly
different between the first before study and the two studies w1th predictors
i.e., flashing Tight signals with.predictors and h1ghway traff1c s1gnals with
predictors. The average CL20 rate was 1.82 before pred1ctors were installed,
0.78 after predictors were 1nsta11ed, and 0.24 after both phedittbrs and
highway traffic signals were installed; however, there does not. appear to be
a relationship between warning time and CL20 rates. It should be noted that
in the 30- to 40-second warning time range for the flashing 1ight'signa1 with
predictor study, there were 0.83 CL20s per train arrival. When‘tfaffic
signals were installed, the CL20 rate in this warning time range was approxi-
mately 0.33. This seems to indicate that the highway traffic s1gnals w1th
predictors are more effective in reducing CL20s than f]ash1ng light s1gna1s
when predictors are used with both systems. : .

Crossings Less Than 10 Seconds (CL10). Vehicles crossing with1n 10 .
seconds of a train's arrival at the crossing have prev1ously been def1ned as
an indication of risky behavior; there is little room for e1ther dr1ver or
vehicular error. A]though not necessarily illegal at a f]ash1ng light
signal, such behavior intuitively 1ncreases the 11ke11hudJ of .an accident
occurring. It was anticipated that installation of the pred1ctors m1ght’
reduce this type of behavior by providing shorter and more consistent warning
times and increased credibility of the warning devices. Furthermore, it was
anticipated that the additional credibility of the highway traffic signal
might further reduce the number of conflicts. R

As shown in table 27, 29 CLlOs (15 single CL10s and 7 double CLlOs) were
observed at the Cedar Drive crossing in the before study, i.e., 29 motorists
crossed the tracks within 10 seconds of the train's armva]7 Twenty7f1ve
CL10s (13 single CL10s and 6 double CL10s) occured during the d}yiand four
CL10s (2 single CL10s and 1 double CL10) occured at night. :In,seven'd1ffer-
ent cases, at least two motorists crossed the tracks withinzlo seconds of the
train's arrival. A Pearson's chi-square statistic calculated from a 3 by 3
contingency table (three'studies by three CL10 categories) 1na1cated'that the
observed CL10s in the first before study (f]ash1ng 11qht s1gna1s without
predictors) and the two studies with predictors (f]ash1ng 11ght signals with
predictors and highway traffic s1gna1s w1th-pred1ctors) werg significantly
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,rTab1e 27. CL10s at the Cedar Drive crossing.lr

Fla:?igq Light Signals | Flashing Light S1qnals ,f nghwa{ Trafflc Slqnals

. I out Predictors , Hlth Pre ictors . h Predictors R
Summary Statistics - Day Night Total Day ' Night Total " Day 1 Flght , Total
Sanple Size’ 53 . 30 B o on s 59 .. 19 18
Mean (vehicles) 0.8 0.13 039 01 008 0.13° 005 0.05 0.0
Standard Dev1at1on 0 0.43 6.69‘ - 0.5] | 0.41 0.4¢6 0.22 . 0.22 0.22
Percent with Conflicts - 35.9 . 0. 265 143 L2 gc . 51 53 Cos1
Range (vehicies) . - -3 0-2 © 03 j 0-2 . 0-2 0-2- 0-1 © o 0el 0-1

0 CLlOs/Arrival - 34 Y 61 8 nme 81 56 18 0m
1cLios/Arrival 13 2 15 2 o 2 3 17

2 CL10s/Arrival 6 1 1 B N D 2 0 0 0

yehicle's crossing within 10 seconds of the train’s arrival.

2Includes only those observations in which vehicles were preSent prior'to the train’s arrival. -



d1ffgrgnt‘at'thé,95 percent confidence level. This means that installation
of the predictors appearé to have been successful in Eeducing the ahounﬁ of‘
risky behavior that took place at the crossing. Unfortuhaté]y, there was
such a small number of observed CL10s in the two studies with predictorsvfﬁat
meaningful statistical comparison could not be made between them. Therefore,
the‘premise that the additional credibility of the highway traffic signal
might further reduce the number of CL10s could not be tested.

One observation from this data set is that the CL10 rates and percent-
ages for the flashing light signals without predictors were more than twice
as high at Cedar Drive than they were at Ebenezer Road and more than five
times as high as they were at Cherry Street. This large amount of risk-
taking behavior is a direct result of the poor level of service at which the
warning devices at Cedar Drive were operating; the worse the warning device's
operation, the more risks a motorist will take. To substantiate this hypoth-
esis, note that when the predictors were installed at the Cedar Drive cross-
ing to improve the level of service of the active warning devices, the
observed CL10 rates were comparable to those at Ebenezer Road. Interesting-
ly, the additional installation of the highway traffic signal reduced the
number of observed CL10s to a rate comparable to that observed at the Cherry

Street crossing when two-quadrant gates were used.
Summary

The existing active warning system at the Cedar Drive crossing (flashing
light signals without predictors) was originally operating at level of
service F. Installation of predictors and the predictors in combination with
the highway traffic signals at this crossing improved the operation of the
active warning devices to level of service B or C (an acceptable level to
most motorists). As the intent of both the predictors and the highway
traffic signals was to provide additional credibility and respect for the
active warning devices, performance measures such as clearance times, viola-
tions, and conflicts were expected to improve. The resultant analysis
concluded that clearance times increased and risky behavior decreased when
either the predictors or the predictors in combination with the highway
traffic signals were installed, thus resulting in a definite safety benefit.
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Pgrformance measures such as speeds, reaction times, and deceleration levels
did not change significant]y When holding the variable pfedfctofs cbnétant,
h1ghway traff1c s1gnals substant1a11y outperform f1a5h1ng 11ght s1gna1s in

categor1es hav1ng an 1mpact on safety
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" VITI. BENEFIT-COST EVALUATION

Based' on the results of the field studies, all three of the innovative
traffic ‘control systems proved to be feasible, both from a technical ahd
practical standpoint. In addition, all three systems were ‘accepted and
understood by the driving pubtic. Two of ‘the systems, the four-quadrant
gates with ‘skirts and the highway traffic signals, show great promise for =
improving crossing ‘safety. The third system, four-quadrant flashing 1ight-
signals with strobes, did not produce measurable 1mprovements,in‘safety at
the test crossing, but may have some limited applications.

Having: confirmed that the innovative systems are feasible and effective,
the issue of system cost becomes important. Cost considerations govern -’
whether and where the -innovative traffic control devices ‘are economically '
advantageous. ' o o

Thi's chapter identifies and discusses the primary‘COSt‘tbhsiderations‘
for each of the innovative systems. Presented first are cost estimates for
installing, operating, and maintaining the three systems. The results of
benefit-cost analyses are then‘presented‘for the two most hrémtsing'systems,
the four-quadrant gates with skirts and the highway traffic signals. Lastly,
estimates are developed‘for the cost of "retrofitting"” various,eercentages of

the existing crossings in the country with the innovative devices.
Cost Estimates

For each of the three innovative systems, the fo]]Owingvcost‘components
were considered in assessing total system cost: (1) fﬁsta11atidn costs; (2)
operating costs; and (3) ma1ntenance costs. Insta]]at1on costs include the
cost of'materia1s, equ1pment, 1abor and m1sce11aneous expenses (trave]
worker per diem, contingency eostsl etc. ) Operating costs are the system “
power consumption costs. Maintenance costs include the cost of routine
service checks, cleaning, repairs, minor hardware rep]acement and battery '

maintenance for those systems with battery Darkup power
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Use of Marginal Costs.. . In developing cost estjhates for the three
innovative systems, marginal costs were used. "Marginal costs" refer to
those costs incurred, above and beyond the -cost of providing whichever stan-
dard active warning system would normally be used, .For, example, the marginal
costs of .four-quadrant gates with skirts would be those costs above and
beyond,thewcosts,offprovidiné standard:two-qqadrantngatess ~The marginal .
costs of the‘four;quadnantﬁflashing‘light_signals‘wjthvstrohes,wou]dube the
costs.abovenand:beyond,the”costs;of‘proyjdjng,standafd,tw0fquadrant flashing
1ight stgnals.c., 7 |

Marginal costs for highway traffic signals would be the costs to in-
.stall, operate,:-and maintain. the traffic.signaltjnstallationaafter subtract-
ing the.costs for, .a standard two-quadrant flashing light signal system. The
h1ghway traffic signal system is unique in that it. does not incorporate any.
of the traffic control hardware used in its standard counterpart and because
jts marginal installation cost is actually a negative number. That is, the
cost of installing traffic signals is actually less than the cost of install-
ing»flashjngdlight signals...

em .. . ;

' “lNote thatlmargjna]‘costs_do‘not”jncﬂude the‘foj}owing:v,__ Ve v o

e 'The cost of 1nsta111ng, operat1ng, or ma1nta1n1ng the' tra1n -
It detection” system. ‘ . v
° Thé'caét'Bf insta11ing that portion of the traffic control
equ1pment which would also be requ1red for the standard active
warning system. :

) The costs of operating and maintaining that portion of the
equipment which would be required for a standard active.
wanning,systemn

»The use of marg1na1 costs as opposed to tota] costs 1s appropr1ate‘for
several reasons ' F1rst of all, it is reasonab]e to assume that if adopted
the 1nnovat1ve systems wou]d be used most often at cross1ngs wh1ch a]ready '
have standard act1ve contro] dev1ces In these cases the retrof1t (or
add on) costs wou]d be of pr1mary 1nterest and these retrofit costs are
essentially the same. as marg1na1 costs. (A retrofit traffic s1gna1 1nfta11a-

tion is an except1on in that the retrofit costs are not essentially the same
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as the margina11665tsi' The cost evaluations take this fact into account as .

discussed later.)

For a new installation at a passive crossing, it is also logical to use
marginal costs to assess the economics of installing one of the‘ibnovative
systems. Generally. speaking, the innovative'deVicés would be considered-for

use only at existing.passive crossings where one of the standard active -
devices was also warranted and would be installed. Thus, the decision,wﬁjcﬁ ;
must be made i's whether to employ a standard device or to opt for one of the
innovative devices. 'Marginal costs provide the needed fnput_for;this deci-

sion.

In additicon, the costs of providing train detection, initial site
preparation, ahd?pGWer connections are highly variable depending.on the
location of the crossing, terrain, number of tracks, type of.detection. -
system, etc. However, marginal costs, as defined, should be fairiy consis-
“tent from one crossing to the next; thus, they provide'a‘morelcbﬁﬁistent and‘,:,
accurate meansjbf"éomparing alternatives than if comparisons are made on . . '

total costs.

Installation Cost Estimates. Although much was learned aboqt the.
economics of constructing and installing the 'innovative traffic control
systems during the field studies, the three test insta]]ations‘did_not giVewgl
complete and accurate indication of "typical" installation édstéT Firstvof.‘>‘
all, the systems were designed, constructed, and operated in‘a‘regearch -
‘'setting where minimizing cost was secondary to successfully comp]eting the -
research. Secohd, some of the components of the innovative systems were not ..
. intergrated ihtbithe existing active warning systems at the test crossings;;gv
but rather were operated independently. The flashing light signé]s'with |
strobes are‘an:examp1e. The strobe 1ights were mounted on different po]esfz
from the fTaShing'light signals, and they had their own primary and secondary .. ...
power supply:systems. The strobe controller and batteries were éven housed id 

a separate cabinet.

To develop more reliable and accurate installation costs.for the inno- .

vative systems, actual construction estimates were solicited from two
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.railroads, three highway agencies, and a traffic engineering consultant. The

- details of thejsolicitation,are described in the following section-

. LConstruction Estimates. To obtain the needed. installation cost esti-

. mafes, three‘hypotheticai,projects were conceived, one for. each of the
‘xinnpvat1Vegsystemsu -Each of the projects involved ' retrof1tt1ng" one of the

. innovative systems. to.a gredeecrqssjng which had a standard;actlye.wgrn1ng
;,device and a frain detection system already in place. - The. exception was the
;prOJect for the highway- traffic signal.. Fer this project it was assumed
‘vthat a train detection system was. in place but there were no. existing act1ve

warning»dev1ces at the crossing.

L A project description was prepared, along with an estimate worksheet
for each project. The descriptions and correspond1ng worksheets. are. shown in
‘Append1x B. A1l three hypothetical projects involved the_same‘baSICLcross1ng
situation--a single mainline track crossing a two-lane roadway. This simple
tybe of crossing was chosen to promote consistency and ease of costiestima—
tion. .The cost of installing standard devices at more complex crossings
.would be higher, but the basic relationship between standard and innovative
system costs, as reflected by the marginal costs, should remain fairly. -

constant (or at least proportional) for the more complex crossing situations.

Two railroads, three highway agencies, and one consulting firm agreed to
participate in the artificial bid exercise. The railroad companies provided
cost estimates for two of the projects--installing four-quadrant gates with
skirts and installing four-quadrant flashing light signals with strobes. The
highway agencies and consulting firm provided cost estimates for the project

to install highway traffic signals.

Table 28 shows the resulting average estimated costs -for the three hypo-
thetical projects, broken down by expense category. From the table, the
average cost to install the four-quadrant gates with skirts was $32,763, the
average cost to install highway traffic signals was $11,196, and the average
cost for the four-quadrant flashing light signals with strobes was $19,196.

It should be emphasized that the cost estimates shown in the table assume that

train detection systems were already in place. Also, for the four-quadrant
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.. ... Table-

28. ‘Average installation cost estimites.

Expense Category

: Four-QuédrSntw"”‘
~Gates with Flashing
. Light Signals?

-Four-Quadrant
F]ash1ng L1ght

- Highway Traffic - -Signals -with"

...Signals* .. . .Strobes?..

Mater1a1/ .
Supply Costs

Equ1pment Cost§
Labor. Costs..

Other Costs
(Travel, Per
Diem, Contin-
genc1es, etc )

Total o
‘Insta]]at1on
Costs:

$12 314

~ 13,676

., B

1 550 :

G

" $32,763

$9,373 7 sa793
a5 LTS
1,092~ - '10,161°

306 3,067

$11,196 0 . $19,196°

'Average of two estimates.

2Average of four estimates.

146



gates with skirts and the four-quadrant flashing signals with strobes, it is
assumed that standard two-quadrant gates and two-quadrant flashing light
signals, respectively, were already in place.

It is sign1f1cant to note in table 28 that the .highway traffic signal
cost est1mates were. cons1derab1y lower than the est1mates for the other two
innovative systems. The maJor reason for the relatively low 'cost of highway
traffic signals is the much lower estimated Tabor costs. From the tab]e the
average estimated cost of 1abor for highway traffic signals was $1, 092 'In
contrast, the average est1mated cost for labor for the four- quadrant gates
with skirts was $13,676, and for the four-quadrant flashing light signals
with strobes it was $10,161. These labor costs ‘are about ten times greater
than the labor costs for installing highway traffic signals.

Marginal Installation Costs. Marginal installation cost‘estimatesvfor

each of the innovative systems are presented in table 29. For the four-
quadrant gates with skirts and the four-quadrant flashing Tight signals with
strobes, the marginal installation cost was taken to be the average total
estimated cost shown in table-28.- (The costs have been appropriately rounded
off.)

For the highway traffic signals, two margiha1 costs are given in table
29, one for a retrofit installation and the other for a new installation.
The retrofit installation cost was taken to be the average installation cost
from table 28. The marginal cost for a new highway traffic signal installa-
tion was estimated by subtracting the average cost for installing standard
flashing light signals (excluding the train detection system) from the
average estimated cost for highway traffic signals as shown in table 27. The
average cost for installing standard flashing 1ight signals (excluding the
train detection system) was assumed to be $17,300, based on cost estimates

furnished by Southern Railroad and Union Pacific Railroad.

Operating and Maintenance Cost Estimates. The experience gained in the
field studies provided a basis to estimate annual operating and maintenance
costs for the innovative systems. Based on the field experience, Southern
Railroad supplied estimates for the annual costs of operating and maintaining
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Table 29. Marginal installation costs.

Innovative System .. - . - .. . .Marginal.Installation Cost?- -

Four-Quadrant Gates with Skirts $32,750
H1ghway Traffic Signals (New Insta]]at1on) - - -76,1002
Highway Traffic Signals (Retrofit) 11,2000

- Four-Quadrant Flashing Light . v g
~ Signals with Strobes . ) 19,200

Marginal costs refer to added cost to install innovative system in lieu
of appropriate standard active warning system, i.e., two-quadrant flashing
light s1gna1s with or without gates ‘ : '

2Negat1ve cost 1nd1cates a cost sav1ngs compared to the cost of
installing standard two-quadrant flash1ng light s1gnals

Cost to remove ex1st1ng f]ash1ng 11ght s1gna1s and 1nsta11 h1ghway
traffic signals in their place.
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the four-quadrant gates with skirts and the four-quadrant flashing 1ight
signals with strobes (excluding the strobe iights). Operating and mainte-
nance cost estimates for the strobe lights were deve]oped by the researchers
" based on actual- power company b1111ngs and service records The C1ty of
Knoxville supplied estimates for the annual costs of operating and maintain-

ing the'h1ghway'traffic signals.-

To compute marginal operating and maintenance costs for the innovative
systems (compared to standard active warning systems), the costs of operat-
1ng/ma1nta1n1ng standard gates and/or f1ash1ng 1ight signals had to be
subtracted out. Appropriate annual operating and maintenance costs for gates
and flashing 11ght s1gnals were based on national averages for these standard

~systems (50) -

"Marginal Operating Costs. Table 30 sUmmarizes.thejanhual marginal

operating costs for the three innovative systems. The cost figures in the
table are for a single-track crossing on a two-lane roadway, and they assume
that the 1nnovat1ve systems have un1f1ed power supp]y systems which minimize

power costs.

From table 30, the marginal operating (power) costs of the four-quadrant
gates with skirts and the four-quadrant flashing 1ight signals with strobes
would be expected to be zero (0). Both of these systems operate on 12-volt
battery systems, and the batteries are trickle charged using commercial power
or through a special railroad power transmission line. Power consumption and
power costs associated with battery charging are small and relatively insig-
nificant compared to other costs. (Battery service costs are significant,

but these costs are included in maintenance costs.)

Highway traffic signals, which operate on 110-volt commercial power,
consume considerably more power than their conventional counterpart, flashing
light signals. As shown in table 30, the annual marginal operating (power)
cost of highway traffic signals is estimated to be $1,200 for a retrofit
installation. This figure includes the cost of operating the highway
traffic signals and the advanced sign flashing lights above the power cost
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Table 30. Annual marginal operating costs of the
three innovative systems.

Innovative System

Annual Marginal
Operating Cost

'Four-Quadrant Gates with skirts

Highway’T&affic Signals

Four-Quadrant Flashing Light

Signals with Strobes

$ 0
1,200

-
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associated with trickle charg1ng the battery system for the ‘train detection

circuitry.

Marginal Maintenance-Costs. Table 31 presents annual -marginal mainte-

nance costs for the three innovative traffic control systems. As noted
previously, the ma1ntenance cost estimates were developed based on data
provided by Southern Railroad and the City of Knoxville; -national averages
and field study maintenance records:(gg)f The cost estimates in.-the table are
for a sing]e-track crossing on a two-lane highway .The cost estimates also
assume that the 1nnovat1ve systems are fu]]y un1f1ed i.e. a11 the system
components including the train detection system the act1ve warning devices,
and power supply system are des1gned and operated 1n the most eff1c1ent and

cost effective manner.

From table 31, the four-quadrant gates with skirts would cost approxi-
mately $740 more per year to maintain than standard two-quadrant gates. The
added costs would be incurred in maintaining the two additional poles, two

additional gates and gate mechanisms, and the four skirts.

Also from table 31, the annual marginal maintenance costs of highway
traffic signals would be approximately $200. The additional maintenance
costs for highway traffic signals (compared to standard flashing light
signals) are incurred in maintaining the traffic signal controller and the

flashing light units on the advanced signs.

It would cost approximately $450 more per year to maintain four-quadrant
flashing light signals with strobes compared to standard two-quadrant flash-
ing light signals (see table 31). The added costs are for maintaining the
two additional poles, the four strobe lights, and strobe power supply units.

Benefit-Cost Analyses

This section analyzes the relationships between cost and safety perfor-
mance for the two most promising innovative systems, i.e., the four-quadrant
gates and skirts and the highway traffic signals. In the analyses, system
cost data from the previous sections are combined with accident cost
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:'uTab1e 31. Annua1 marg1na1 maintenance gosts of the :t‘hb4;ui

three 1nnovat1ve systems

‘Innovetiye‘Sysfem>

Annual Marginal .. .

MaintenancerOSt“i”

 Four-QpadEaﬁt Gates with Skirts

Highway Traffic Signals

Four-Quadrant Flashing Light

- Signals with Strobes

s7a0
200 - .« .

450
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estimates to generate benefit-cost ratios. Surrogate safety measures are
also identified and d1scussed to justify the assumpt1ons made regarding
predicted accident reductions and to further illustrate the magnitude of the
improvements which may be achieved through use of the innovative systems.

It should be noted ‘that the cost and accident data used in the analyses
are based on ‘a number of s1mp11fy1ng assumpt1ons and that the data are
adm1tted1y somewhat 11m1ted and site spec1f1c Neverthe]ess the data are
sufficient to 111ustrate the anticipated costs and safety benef1ts of the
innovative systems in typical applications. Agencies contemplating using the
innovative devices are encouraged to develop and use their own cost and
accident data to yield more accurate benefit-cost'estimates'for‘the1r circum-

stances.

~ A benefit-cost analysis for the third innovative system, the four-
quadrant flashing light signals with strobes, was not attempted. The specif-
ic improvements in safety afforded by this system could not be sufficiently
quantified at the test crossing to make a reliable benefit-cost assessment.
It should be noted, however, that four-quadrant flashing light signals with
strobes might enhance safety at some types of crossings (see chapter IX), and
since their marginal costs are relatively low, the system might be cost
effective at these locations.

Analysis Approach. For a particular innovative system, the benefit-cost
analyses consisted of the following four steps:

1. The annual marginal costs to install, operate, and maintain
the innovative system were estimated.

2. Surrogate accident measures were identified from the field
studies. These measures were quantified for a variety of
crossing conditions using a simple simulation model developed
specifically for this project. The surrogate safety measures
were then subjectively evaluated to predict the likely impacts
of the innovative system on crossing safety.

W

The reductions in crossing accidents produced by the innova-
tive systems were estimated for a variety of crossing condi-
tions using an accident prediction model from the Titerature.
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- 4.. Savings-in accident costs were génerated based on the accident
~reductions predicted. .in step 3. .These savings— in: accident.-
costs were compared with system 1nsta11at1on/operation costs o
(step-1):to generate appropr1ate benef1t cost ratios. ’

Each of these steps is d1scussed in deta11 below and then the resuTts of the
cost-effectiveness‘anaTyses are presented.

Cost EStimates ‘ Marg1na1 costs expressed on an annuaT bas1s were used

in the analyses. The annual marg1naT costs of a part1cuTar 1nnovat1ve system
were est1mated by summ1ng the annuaT marg1naT 1nstaTTat1on operat1ng, .ad .

'ma1ntenance costs of that system

AnnuaT marg1na1 operat1ng and ma1ntenance costs were, taken d1rect1y from
tables 30 and 31. AnnuaT marg1naT 1nsta11at1on costs were caTcuTated from .
the 1nsta11at1on costs presented in tabTe 29 The total costs from tabTe 29
"were converted to annua] costs using the Cap1taT Recovery Cost Method for‘_
annualizing an initial expenditure over an assumed future t1me per1od (1)
For the purpose of this evaTuat1on 1t was assumed the 1nnovat1ve systems
would have a usefuT life of 20 years when retrof1tted to a cross1ng wh1ch
aTready had standard act1ve dev1ces A 10. 0 percent annual 1nterest rate was
ilso assumed For new 1nsta11at1ons at cross1ngs wh1ch prev1ous1y had
pass1ve controT a usefuT Tlfe of 30 years was assumed aTong w1th the 10

percent annuaT 1nterest rate.

Surroqate'Accident Measures. The innovative systems are intended to

reduce: the number of train-auto acc1dents ‘at grade cross1ngs ‘ Thus the most
appropr1ate measures of effectlveness are. acc1dent reduct1on and accident
cost savings: However since-there were no acc1dents dur1ng any of the field
studies and s1nce the field studies were reTat1veTy short in durat1on it was
not poss1b1e to d1rect1y measure the Tong -term acc1dent reduct1on potent1a1
of the 1nnovat1ve systems Instead acc1dent reduct1on potent1a1 had to be
subJect1veTy assessed from surrogate acc1dent measures N

In the case of the four- quadrant gates w1th sk1rts the number of
vehicles driving around the gate arms (v1oTat1ons) was used as the surrogate
accident measure Th1s measure was selected ‘for two ‘reasons. F1rst it is

reasonable to assume that if the number of gate arm v1oTat1ons can be
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substantially reduced at a crossing, then the crossing's accident potential
should a]sp be reduced. Second, the field studies provided the data needed
to estimate the number of gate arm violations which could be eliminated
through the use of four-quadrant gates with skirts.

In comparing highway traffic signals with‘flashing light signals, signal
violations could not be used as a surrogate accident ‘measure since no viola-
~tion data were available for flashing light s1gna1s Instead, the number of
- vehicles crossing the tracks within 10 seconds of a train arrival (CL10s) was
used as a surrogate accident measure. This crossing safety measure should be
‘directly related to accident potential at a crossing. That is, if the number
of vehicles crossing the tracks within 10 seconds of a train arrival can be
" substantially reduced at a crossihg, then it follows that the potential for
accidents should decrease (provided'alT other factors remain constant). In
‘addition, CL10 data were available from the field stud1es for all the traffic

control devices at the cross1ngs

To estimate and assess surrbgate accident measures for the innovative
devices, a simp]e'simulation model was developed by the researchers. The
model incorporates basic traffic flow theory and characteristics, along with
performance data from the field studies, to estimate the numbers of'gate
violations or CL10 crossings which could be eliminated by installing four-
quadrant gates or highway traffic signals, respectively. A description of
the model, including its assumptions, inputs, and outputs, follows:

1. The model generates (simulates) train and vehicle traffic at a
grade crossing for a range of crossing conditions specified as
model inputs. Specifically, the model pred1cts how many
vehicles (per year) arrive at the crossing while a train is
approaching, and how many of these vehicles w111 attempt to
cross in front of the train.

2. The variable inputs to the model include daily train and

: vehicular volumes at the crossing, the assumed train warning
time distribution (mean and standard deviation), type of ,
traffic control, and the percentage of drivers who would be
expected to violate the gates or cross within 10 seconds of
train arrival. (The violation and CL10 crossing rates were
estimated from the field studies.)

3. _The model assumes that train arrivals are randomly distributed
throughout the day, and that vehicle traffic varies by time of
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day in a pattern typical of a State highway route. During a
specific train event, vehicle arrivals at the cross1ng are
assumed to have a Poisson distribution. :

4. - The model further assumes that train warning times (the time
between device activation and train arrival) are normally
distributed. (The mean and standard deviation warning times
are variable inputs.) For the analyses, the following warning
time conditions were assumed: (1) 60-second mean warning time
with a 20-second standard deviation; and (2) 40-second mean.
warning time with a 15-second standard deviation. (These_
warning times are typical of those observed in the field
studies and provide a suitable range of conditions for the
evaluation.)

5. A Bernoulli Process is incorporated into the model to predict
how many arriving motorists would elect to cross in front of
an approaching train. :

6. The model incorporates several limiting factors to account for
© crossing capacity, minimum warning times used by the rail-
.roads, and the times at the beginning and end of the warning
per1ods in which motorists are restricted in the1r crossing
behavior. : ‘ '

Accident Reduction Estimates. A critical aspect of the benefit-cost

analyses was estimating the number of accidents which wouid be prevented by
the innovative systems. In the absence of any accident experience with the
new systems, the following approach was used. First, the.numbers of acci-
dents which would be expected for standard devices (gates and/or flashing
light signals) were predicted. These accident frequencies for standard
systems were then multiplied by the assumed percentage reduction in-accidents
which would be achieved by installing. the appropriate innovative system.

To predict accident frequencies at crossings with standard devices, the
- grade crossing accident prediction model developed by Coleman and Stewart was

a.(52)

used. The Coleman-Stewart model is a regression model developed from

empirical data gathered at over 32,000 crossings in 15 States. The model is
expressed as follows:

log (A) = Cy + C; Tog (V) + €, Toa (T) + €, (log (T))°
where:

A = Average accidents per year per crossing
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V = Average daily traffic
T = Trains per day
“CO"CI’ CZ’ C3 are regression coefficients which vary depending on the

>lpcatibn‘and[type ofgcross1ng and'the type of traffic control.

Tbé hodél,nby varyiﬁé the coefficients, dfstinguiéhes between rural and
urbah'@roésings, ‘and between ‘single- and mu]ti—trackvcrossihgs. It also can
handle ‘several tybes of standard traffic control; however; for this study
only two levels of standard traffic control were of interest (gates and

flashing light signals).

‘The Coleman-Stewart model was used to generate estimates of the number
of accidents per crossing per year under various assumed conditions for
croésihgs with f1ashing light signals and for,croésings with gates. To
predict the number of accidents prevented by the innovative systems, these
estimates were multiplied by‘the percentage reduction in accidents which
could be achieved by installing the appropriate innovative system. Obvious-
ly, a single, precise percentage of accidents which would be prevented by
~installing one of the innovative systems could not be made based on the
limited field experience: Therefore, in the absence of accident experience,
ranges in accident reduction potential had to-be used.

Tt was assumed that the four-quadrant gates with skirts could reduce the
- number of accidents by 40. to 100 percent compared to standard two-quadrant
gates. It was assumed the highway traffic signals could reduce train-auto
accidents by 20 to 80 percent compared to standard flashing 1ight signals.

It should be stressed that these-accident reductions are merely estimates
made by the researchers based on their experience and intuition.. Wide ranges
in reductions were purposely selected since there are.no accident reduction
data on the innovative systems. By using wide ranges, the benefit-cost -

analyses considered high, medium, and low accident reduction potentials.

Accident Cost Savings. Before benefit-cost ratios could be computed,

the number of accidents prevented by the innovative systems had to be equated
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to a cost savings. To accomplish this, the estimated number of prevented
accidents was multiplied by the fafa]fty and injury rates for grade crossing
accidents shown in table 32.(3) This generated the numbers of deaths and
injuries prevented by installing the innovative systems. It was then assumed
that each prevented fatality resulted. in a total cost savings of $1,450,000,
and each prevented serious injury resulted in a savings of $39,000. These
fatality and injury costs are based on Federal Highway Administration esti-

(53)

mates.

The accident cost savings were expressed in. annua] sav1ngs and were
d1v1ded by the annual marginal system costs to generate benefit-cost ratios.
Benefit-cost ratios were generated for both the four-quadrant gates with
skirts and for thelhighway traffic signals for a wide range of volume condi-

tions and crossing types.

Cost Evaluation of Four-Quadrant Gates with Skirts. This section
presents the results of the benefit-cost evaluation of the four-quadrant
gates with skirts. The procedure described in the preceding sections was
used for this evaluation. Presented first are cost estimates for the
innovative gate system. Next, the reductions in crossing violations which
can be achieved by using the innovative system are quantified and discussed
relative to the impacts on safety. Lastly, benefit-cost ratios are presented

for the innovative gate system for various crossing conditions and types.

System Cost Estimates. As shown in table 33 the annual marginal cost to

install, operate, and maintain four-quadrant gates with skirts is $4,590.
That is, it would cost $4,590 more per year to provide four-quadrant gates
with skirts compared to standard two-quadrant gates. This cost includes
$3,850 in annualized installation marginal costs and $740 in maintenance

marginal costs.

It should be noted that the cost estimates in table 33 are applicable to
an "ordinary" installation. Both installation and maintenance costs would be
higher at crossings with complex traffic control or geometric conditions,

e.g., at multi-track crossings or crossings at or near a highway
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-Table 32. Fatality and injury rates for accidents at- - --

~ railroad-highway grade crossings..

o Fatalities = =~ Injuries
. Traffic. Control . per Accident = per Accident
Gates 0.09 0.37

Flashing Light Signals 0.08 0.41
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- Table 33. Annual marginal costs of four- quadrant
B gates with skirts.

. o . , “Annual
Cost Component ‘ Marginal Costs!
Annualized Installation Costs "~ $3,8502
Annual Operating Costs . ' ‘ : VO
Annual Maintenance Costs . - 740

Total | $4,590

1Cost estimates apply to ord1nary cross1ng

conditions. Costs may increase at crossing w1th comp]ex‘ -

traffic control requirements.

2Capital recovery costs assuming a 20-year usefu]
1ife and 10 percent interest rate. ‘
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intersection In fact, in generating benef1t cost rat1os for the innovative
gate system at multi-track crossings the total margina] annual cost was
increased by 10 percent to $5,050.

Reductions in Crossing Violations. Based on the results of the field

studies, four-quadrant gates with skirts eliminate v1rtua11y all gate viola-
tions. This "“zero" violation rate compares to v101at1on rates ranging from 5
to 40 percent at cross1ngs with standard gates Thus it 1s reasonable to
conclude that four-quadrant gates with skirts shou]d have a s1gn1f1cant
impact on crossing safety, especially at exist1ng gated crossings with high

violation rates and corresponding high numbers of accidents.

Figure 36 illustrates the impact of four-quadrant gates with skirts on
crossing violations. The data shown in the figure were generated using the
simulation model described(earlier and they represent a typ1ca] assumed
crossing situation. For the particular s1mu1ation run used to generate
figure 36, an average train warning time of 60 seconds was assumed. (The
Cherry Street Crossing had an‘agprexfmate7average warning time of 60 seconds,
thus making this assumed warning time particularly pertinent.) It was also
assumed that the innovative gate system would effectively eliminate all
crossing violations, as was observed in the field studies.

In figure 36, the number of prevented violations is related to traffic
exposure (trains per day x average daily traffic [ADT]) and to the initial
violation rate (the violation rate for standard gates). As shown in the
figure, the number of violations which would be eliminated increases as
traffic exposure increases. The number of violations eliminated by the use

~of four-quadrant gates with skirts would also be greater at crossings with a

higher initial violation rate.

What is significant from figure 36 in terms of crossing safety is the
magnitude of the prevented violations. For example, at a crossing with an
initial violation rate of 10 percent and a traffic exposure of 500,000 (e.g.,
20 trains per day and an ADT of 25,000), approximately 9,000 crossing viola~
tions per year would be eliminated by installing four-quadrant gates with
skirts. For an initial violation rate of 20 percent, over 18,000 violations
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1Percentage of motorists v1o1at1nq standard qates and f]ash1ng 11qht
signals.

2Gate v1o1at1ons refer to motor1sts dr1v1nq around a 1owered gate armL
while a tra1n is approach1ng

3Traff1c exposure,= tra1ns per_day,x ADT.

Figure 36. Annual gate violations prevented by four-guadrant gates
w1th skirts in place of standard two-auadrant gates and 7
f]ash1ng Tight s1qna1s : C
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would be eliminated each year by installing the innovative gate system.
These reductions in crossing violations should represent a significant
reduction in accident potential.

As noted previously, it is not possible based on the limited field
experience to estimate a specific percentage reduction in accidents which
would be achieved by installing four-quadrant gates with skirts. However,
the fact that the innovative gate system completely eliminates crossing
violations suggests that reductions in train-auto accidents will be very
high. Simply, the potential for conflict between trains and highway vehicles
is eliminated, as is the driver decision element. Therefore, accident reduc-
tions in the range of 40 to 100'percent are possible, and reductions of 80

percent or more are likely.

Benefit-Cost Ratios. Benefit-cost ratios for various crossing types and

conditions were_computed by dividing the expected annual accident cost
savings by the annual system marginal costs. As discussed previously, acci-
dent cost savings were calculated by estimating the number of accidents which
would be prevented by installing the innovative gates, and then calculating
an appropriate cost sav1ngs resu1t1ng from hav1ng fewer crossing accidents.
The annual marg1na] system costs were taken from table 32.

Generally, the results of the benefit-cost analyses were very favorable,
suggesting that four-quadrant gates with skirts would be cost-effective in
many crossing situations. In fact, benefit-cost ratios of 4.0 or more were
found for many of the crossing conditions eva1uated. The detailed results
are discussed in the following sections broken down by type of crossing
(rural single-track crossings, urban single-track crossings, and urban
multi-track crossings). These crossing types were differentiated in the
Coleman-Stewart accident prediction model which was used in generating the

benefit-cost ratios.

Figure 37‘preseﬁ£s‘the benef1t-co§tvratibs for 1nsta111ng four-quadrant
gates with skirts at rural single-track crossings. The figure includes
benefit-cost ratios for four levels of accident reduction (40, 60, 80, and
100 percent). In each case, the ratios are plotted for a range of ADTs (from
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Figure 37. Benefit-cost ratios, rural single-track crossing,
: retrofit four-quadrant gates with skirts.
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0 to 50,000 vehicles per day) and for a range of trains per day (1, 2, 5, 10,
and 20 trains per day).

Generally, a benefit~cost ratio above 1.0 indicates that the savings in
accident costs achieved by installing the innovative gate system would be
greater than the costs of installation, operation, and maintenance for the
particular conditions. However, a word of caution is necessary. The graphs
are only intended to illustrate basic trends, and not to establish firmly
whether or not the innovative gates are appropriate. Several other factors,
besideé a favqrabﬁé benefit-cost ratio, have to be considered in assessing
where the innovative system might be used. Many of these factors are identi-
fied and discussed in chapter IX.

Assuming a 40 percent accident reduction level, it is seen in figure 37
(upper left-hand graph) that the four quadrant gates with skirts would be
cost-effective at crossings with 10 or more trains per day regardless of the
traffic volume level. At Tower train volumes (1 to 5 trains per day) and
assuming a 40 percent accident reduction level, the innovative gate system
would be cost-effective only at moderate to high traffic volumes.

If 60 percent or more of the train-car accidents could be elimiﬁated by
installing the innovative gate system, then the system would be cost-effec-
tive at virtually all train and traffic volume levels. This is illustrated
in the upper right-hand and lower two graphs “in figure 37. For example, if a
100 percent accident reduction could be achieved, then the innovative gates
would have a benefit-cost ratio ranging from 2 to 5 depending on the train
and traffic volumes (see lower right-hand graph in figure 37). If 60 percent
of the accidents were prevented, benefit-cost ratios ranging between 1 and 3
could be obtained (see upper right-hand grabh‘in figﬁre 37).

Figure 38 presents benefit-cost ratios for installing four-quadrant
gates with skirts at urban sing]e-traék érossingé. "As can be seen in the
. figure, the benefit-cost ratios for urban single-track crossings differ
slightly from those for rural single-track crossings shown in figure 37. The
differences are due to differénces in accident rates at urban versus rural

crossings as indicated in the Coleman-Stewart accident prediction model.
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Note in figure 38 that four-quadrant gates with skirts would generally
be cost-effective at any urban single-track crossing with 10 or more trains
per day, regardless of the traffic volume. For example, if an 80 percent
accident reduction were-achieved, the innovative system would be cost-
effect{Ve;fe} trainmyolumes of only 2 or more per day at daily traffic
volumes higher than--about 2,000 (refer to the lower left-hand graph in f1gure
38). For_a_ﬁp percent accident reduction, daily traffic volumes would have
to be slightly h?@her<for thevsystem to be cost-effective. From the upper |
right-hand graph in f1gu;e 38;\the‘innovative gates would be cost-effective
at a crossing with 2 or more trains per day if the traffic volumes at the
crossing were'B,OOOTyehicles>per day or higher.

Also from figure 38, if a 100 pefceht accident reduction could be
achieved by installing four-quadrant gates with skirts at an urban single-
track crossing,‘then the'system would be cost-effective at moderate traffic
volumes (i.e., 12,000 vehicles per day or greater) for train volumes of only
one per day. This is illustrated in the lower right-hand graph of the

figure.

F1gure 39 presents the benefit-cost ratios for installing the 1nnovat1ve
gates at urban multi- track crossings. It should be noted that higher instal-
lation and ma1ntenance costs’ were assumed in calculating the benefit-cost
ratios shown in the f1gure due to the greater complexity of multi-track
crossings, As d1scussed prev1ous1y, the annualized installation and annua]

maintenance costs were inflated by 10 percent for multi-track crossings.

As seen in figure 39, the innovative gate system would achieve benefit=
cost ratios up to-8.5 to 1 under some of the conditions evaluated. In fact
as h1ght be expeefed ‘urban multi-track crossings yielded the highest
benefit- cost ratios among the var1ous ‘types of crossings considered. This is
due to the genera]]y h1gher acc1dent rates at these crossings. From figure
39, it is seen that four-quadrant gates with skirts would be cost-effective
at medium train volumes and Tow traffic volumes if only a 40 percent accident
reduction was achieved. For example, assuming a 40 percent accident reduc-

tion and 5 or more trains per day, the innovative system would be
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cost-effective at traffic volumes of about 4,000 vehicles per day or higher
(see top left-hand graph in figure 39).

At higher accident reductions, the 1nnovat1ve gates would be cost-
effective at very Tow traffic and train volumes. Assuming an 80 percent
accident reduction and 5 or more ‘trains per day, the innovative system would
be cost-effective beginning at traffic volumes of only a few hundred vehicles
per day (see lower left hand graph in figure 39).

Cost Analysis of H1ghway Traffic Signal. This section presents the
results of the benefit- -cost eva]uat1on of h1ghway traff1c signals. Presented
first are cost estimates for the 1nnovat1ve system, fo]]owed by a discussion
of the 1mpacts of the system- on crossing safety ‘Lastly, benefit-cost ratios
are presented for h1ghway traff1c s1gnals for var1ous crossing conditions.

System Cost Estimates. In evaluating the cost-effectiveness of highway

traffic signa]s, it was appropriate to cons1der two installation situations.
The first case is when highway traffic signals are installed at a crossing
with existing flashing 1ight signals. The second case is when highway
traffic s1gnals‘are installed at a passive crossing in lieu of flashing light
signals (as a new‘tnstallation). For-these two situations, the marginal
1nsta]1at1on“costs are different, and thus the overall cost-effectiveness
will differ. .

Table 34 shows the annual marginal costs for installing highway traffic
signals .under the two conditions cited above. Note from table 34 that the
annual marginal costs of h1ghway traffic signals are $2,720 when the signals
are installed as. a. rep]acement to existing f]ashing light s1gnals When the
highway traffic s1gnals .are installed as a new 1nsta11at1on however, the
annual marginal costs are only $630. In both cases (retrofit and new instal-
lation), the annual system marginal costs .are the sum of three cost
components--annualized installation costs, annual operating costs, and annual
maintenance cost. The component costs for both cases are also shown in table
34,
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Table 34. Annual marginal costs of
highway traffic signals.:- P

Annua1 Marq1na1 Costs -

Retrofit ' “New
Cost Component Installation Installation
Annualized Installation. - .- o0 7ot T a T
Costs o $1,3200 . -$650% .
Annual Operating Costs ' 1,200 = . .- - »:1,080%
Annual Maintenance Costs 200 0 00
Total : $2,720 . .- . $630

1Capital recovery costs assum1ng a 20 year usefu]
life and a 10 percent annual 1nf1at1on rate. '

‘2Captial recovery costs assum1ng a 30 year useful
life and a 10 percent annual 1nf1at1on rate '

*Power costs for new 1nsta11at1ons are reduced
through total un1f1cation of power systems : :

il
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It should be noted that the marginal cost is less for a new installation
for two reasons. First of all, the'cbst of .the original flashing 1ight
signals is saved in a new installation. Second, system power costs can
minimized in a new installation, as opposed to a retrofit system, through the
unification of ﬁhe traffic‘sigﬁaT,“édvéncé sign beacbn, and train detection

power supp1y systeﬁ§;“‘

AS'done'for“the‘four-quadrant gates with skirts, it was ‘assumed that
overall costs would be slightly higher at multi-track crossings. Thus, the
marginal annual costs presehfed in table 34 were increasea-by 10 percent in
computing the cost-effectiveness of highway traffic:signals at rural and

urban multi-track crossings. .

Reductions in CL10 Timeé.u As discussed earlier, the number of vehicles

crossing the tracks within ‘10 seconds of train arrival (CLlOs) was selected
for assessing the potehtia] safety impacts of highway traffic signals. From
the field studies, it was dbserved that_théfpéfdentége‘of_motqrists‘who cross
the tracks in the last 10 seconds before tr&in arr%va] was a relatively
constant prbportidn’df thewéota1'humb§r whoicfdéé while the devices (flashing
1ight signals) are activated. In fact, approkimate]y 3.5 percent of the
total crossings f&pica]]y occur in the ]ast‘lOAéecbnds:befpre train arrival.
Furthermore, it was found that highway traffic signals reduced total cross-
ings during the train warning period to less than 5 percent of the total
arriving traffic. These rates were used in the simulation model to predict
the numbers of CL10 crossings which could be prevented under various crossing
conditions by installing highway traffic signals in place of flashing light
signals.

Figure 40 illustrates the 1mp§ct of highway traffic signals compared to
standard flashing light signals on CL10 crossings for typical crossing
conditiohs. The data in the figure were generated assuming a 40-second train
warning time (this was the approximate warning time at the Cedar Drive
crossing after predictofs were installed) and assuming that highway traffic
signals would reduce crossings during the warning period to 5 percent of the
total arriving vehicles. In figure 40, the number of prevented CL10 cross-
ings is related to traffic exposure (trains per day x ADT) and to the
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crossing rate for standard flashing light signals. (Crossing rate is the
percentage of arriving traffic which crosses the tracks while the flashing
light signals are activated.) Crossing rates of 20 to:60 percent are includ-
ed in the figure since these rates are typical for crossings controlled by

flashing light signals.

As seen in tHe figure, the number of CLIO crossings which can be pre-
vented by highway traffic signals increases as traffic exposure and initial
crossing rate increase. Furthermore, the numbers of CL10 crossings which can
be ﬁrevented are significant, particularly at the higher traffic:exposure
levels. For example, at a crossing with a traffic exposure of 300;000 (e.q.,
20 trains per day and 15,000 vehicles per day) and an initial crossing rate
of 60 percent, there would be over 1,300 fewer CL10 crossings per year if
highway traffic signals were installed in place of the existing flashing
1ight signals. This reduction is very significant considering the fact that

CL10 crossings represent very near misses of an actual train-auto accident.

As with the innovative gate system, there is insufficient accident
experience at this time to estimate a specific percentage reduction in
accidents which would be realized by installing highway traffic signals at a
grade crossing. However, based on the significant reductions in the CL10
which would be achieved, it is reasonable to conclude that some reduction in
accidents should occur. In addition, it is reported in the literature that
traffié signals used at -highway intersections reduce right angle collisions
by up to 80 percent. It is very possible that similar reductions in train-
auto "right angle" accidents could be realized. In generating the benefit-
cost ratios presented, these considerations were used as the rationaje for
assuming that accident reductions in the range of 20.to 80 percent could be

achieved by highway traffic signals.

Benefit-Cost Ratios. Benefit-cost ratios were developed for retrofit

and new highway traffic signal installations in the same manner as‘for the
innovative gate‘system. That is, expected annual accident cost savings were
divided by the annual system marginal costs. Generally, the resulting
benefit-cost ratijos were very high for a wide range of conditions. In fact,

in all instances double-digit benefit-cost ratios were reported. The
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detailed results are presented in the following sections broken down by

crossing type, and for retrofit versus new installations.

Figure 41 presents benefit-cost ratios for retrofitting rural single-
track crossings with highway traffic signals (removing the existing flash1ng
light signals and installing h1ghway traffic signals in their place). The
f1gure.1nc1udes benefit-cost ratios for four levels of accident reduction
(20, 40, 60, 'and 80 percent). 'For'each level, the ratios aredp1otted for a
range ‘of ADTs (from 0 to 50, 000 vehicles -per day) and for a range of train

volumes (1, 2,5, 10, and 20 tra1ns per day). -

As seen in f1gure 41 it would be cost ‘effective-to. retrof1t a crossing
(with existing f]ash1ng 11ght signals) with h1ghway traff1c signa]s under a
wide range of cond1t1ons " For ‘example, assum1ng a 20. percent accident
reduction; it-would be cost effect1ve to 1nsta11 h1ghway traff1c signals at
crossings with more than about 5,000 veh1c1es per day and 2 trains per day or
more (refer to top eft-hand graph in figure 41). Assuming a 40 percent
accident reduction, it would be cost-effective to install highway traffic
signals at crossings with more than about 2,000 vehicles per day and 2 trains
per day or more (see upper right-hand gnaph). At the 80 percent accident
reduction 1eve1;'it would even be cost-effactive to install highway traffic
signals at a crossing with on1y one‘train per'day? provided traffic volumes
were 1,000 vehicles per day or greater. ' e -

The magn1tude of benef1t cost ratios for retrof1tt1ng a rura] single-
track crossing w1th highway traff1c signal are also very s1gn1f1cant Note
from figure 41 that benefit-cost ratios rang1ng up to 34 to-l were estimated
depending on traffic/trainuno1umes and on the accident redUction achieved.
These high ratios, if‘they‘aro‘ach{eved.1n-aCtuaJ‘ﬁig]d-exper1ence, strongly

support the use ofjhignway traffic signals at some grade crossings.

Figure 42 presents benefit-cost ratios for installing highway traffic
signals at a rural single-track crossing as a new installation. It should be
noted that the benefit-cost ratios are "marginal" ratios since they were
computed using marginal accident and system costs. In other words, the
ratios represent the additional benefits (or costs) which would result if
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traffic signal were installed instead of flashing‘1ight signéls' - They do not
~ directly. reflect the cost-effectiveness.of: 1nstal11ng traff1c signa]s versus

‘having a passive crossing.

.. As seen in figure 42, the benefit-cost ratios fqr,q‘néw_instaJJatfon are
even more. favorable than for a retrofit installation. Even at é modest 20

t“.percent accldent reduction,. highway traffic signals wou]d be. cost effective

' n-at crossings with 1 or more trains per day and traff1c volumes of 1, 000 or

. higher (refer to top left-hand graph in figure 42) A]so 1n figure 42 note

_.. that benefit-cost ratios of over 100 to 1 can be ach1eved at medium tra1n and

 ’jtraff1c volumes assuming a 60 to 80 percent accident reduction.

- Figure 43 presents benefit-cost ratios for retrofitting urban single- ,
'?:track,crossings with highway traffic signals. As seen in the figure, highway .
:ttraffic signals would be cost-effective for very Tow. train volumes (one or
~'two trains per day) and moderate traffic volumes for any'assumed‘accident

-.reduction Tevel. At higher train volumes, hfghway traffic signals are

.-cost-effective under many conditions. For example, assuming a 40 percent

. accident reduction, highway traffic signals would be cost-effective at

_crossings with 5 or more trains per day with traffic volumes greater than
~.-about 2,000 vehicles per day (refer to top right-hand graph in figure 42).

- Assuming an 80 percent accident reduction and 5 or more trains per day,
-highway traffic signals would be cost-effective if traffic volumes were only
a few hundred vehicles per day (see lower right-hand graph).

Figure 44 shows benefit-cost ratios for installing highway traffic
signals as a new installation at an urban single-track crossing instead of
flashing 1ight signals. As seen in the figure, such an installation would be
cost-effective under a wide range of conditions and accident reduction
Jevels, with benefit-cost ratios approaching 90 to 1 under some circumstan-
ces. Of particular note in figure 44, 1s that highway traffic signals (as a
new installation) would be cost-effective at crossings with 1 or more trains
per day, for any traffic volume, assuming a 40 percent or greater accident

reduction Tevel.
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Figure 45 presents benefit-cost ratios for retrofitting rural multi-
track crossings with highway traffic signals. As with the previous cases,
such an installation would be cost-effective under a variety of conditions.
For example, assuming a 40 percent reduction, highway traffic signals would
be cost-effective at rural multi-track crossings with 1 or more trains per
day and traff1c volumes of 8,000 or h1gher (see ‘top right- hand graph in
figure 45). Assuming a 60 or 80 percent accident reduction and 1 or more
trains per‘day, highway traffic signals would be cost-effective at traffic
volumes of approx1mate1y 3, 000- 4, 000 vehicles per day or h1gher (refer to the
two lower: graphs in figure 45).

Benefit- cost rat1os for installing_ h1ghway traffic s1gnals at a rural
multi-track cross1ng as a new installation in place of f]ash1ng light signals
are presented in f1gure 46. Note in the figure that the benef1t cost ratios
are we]] above 1 0 for a11 conditions and approach 100 to 1. in some situa-

tions.

It is also interesting to note from all the graphs in figure 46 that
highway traffic signals appear to be cost-effective (provided active warning
is needed) at crossings with only one train per day and veryllow traffic
vo]qmehTevels. This of course is based on the premise that the highway
traffic'signals would reduce accidents by at least 20 percent compared to
flashing 1ight signals. | '

Figure 47 presents benefit-cost ratios for retrofitting an urban multi-
track crossing with highway traffic signals. Note from-the figure that the
benefit-cost ratios are very high ranging up to. 33 to 1 for a crossing with
20 trains per day and 50,000 vehicles per day, and‘assuming an 80 percent
accident‘heduetion.':ln fact, highway traffic signals would be very cost-ef-
fective under'virtua11y all conditions and levels of accident reduction
evaluated. Also observe in figure 47 that the benefit-cost ratios are very
sensitive .to train volumes compared to the preceding crossing types. (A
characteristic of urban multi-track crossings is that the accident rate is

highly dependent of train volumes.)
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Figure 48 presents benefit-cost ratios for installing highway traffic
signals at an urban multi-track crossing as a new installation in place of
flashing 1ight signals. Note from the figure that traffic signals would be
cost-effective‘for virtually all traffic-volumes.and accident reduction
: 1evels and that‘very high benefit-cost ratios would be achieved. For
examp]e if only a 20 percent accident reduction were achieved, benefit-cost
ratios ranging up to 35 to 1 would be posSibIe at crossings with high train‘
and traffic volumes (see'top.right-hand graphhin figure 47). If an 80
percent accident reduction were achieved, benefit¥cost ratios as high as 140
to 1 might be possible (see lower right-hand graph in figure 48).

National Implemehtation Cost Estimates

Baséd on the precedihg cost analyses, two of the innovative systems
would be cost-effective at selected crossings. _This finding suggests that
some‘fype of national installation program'sh001d be considered. In formu-
lating such a program, an important issue is the cost to implement the
,1nnovat1ve devices at a number of cross1ngs around "the country. This cost
can be roughly estimated by combining the installation cost estimates with ‘
data from the National Grade Crossing Inventory on the numbers of crossings
w1th convent1ona1 traffic control. ( ) ' ‘

The resulting nationwide installation cost estimates are presented in
table 35. The table shows the total costs to 1hb1ement the innovative
systems for various percehtages of existing crossings. The'installation
(retrofit) costs, with the exéeption of the cost to convert from passive
control to highway traffic signals, are from table 29. 'For the case of
conversion from passive control to highway traffic signals, the cost of
installing a train detection system had to be added to the traffic signal
installation costs. An appropriate estimated cost for installing a train
detection system was assumed to be $42,880.(50)

Table 35 is not meant as a recommendation that the innovative devices be
implemented at a certain number of crossings nationwide. In fact, the
research did not address how many crossings might be candidates for the

innovative devices, although chapter IX does identify the types of crossings

184



o

—
o

Benefit-Cost Ratio

—
o

. 3

Benefit-Cost Ratio

Figure 48.

20%.Accident Rate™ "

10 20 30

ADT (x 1,000)

60% Accjdent Rate

(=]
o—
4

@
o
=

1%

o
<
4+
-
'

7]

[=

Q
[2a]

I
50
20

o
—
)

-]

o
+
%]
o
T
1
+
[l
Y
<]
==
%)
-]

"—— ‘_‘J"‘—Al‘f —\- ==
0 10 20 30 © 40 50
ADT (x 1,000)

185

- 70

60

L 120

100

40% Aﬁcident Rate

o

. Trains per Day ‘

50
40
30
20

10

SRy P gy gugepy gy |

0 10 20 .30 40 50
ADT (x 1,000)

B0% Accident Rate

5

140

Trains per Day

P R =) T [0}
o o o

~nNy
o

_——— el == = == = =]

20 30 40
ADT (x 1,000) . °

n 10 50

Benefit-cost ratios, urban multi-track crossing,
new highway traffic signals. ’



where the various devices might be considered. Table 35 is intended to show
the number of crossings which cou]djpe impacted by the innovative.dev}ces at
various levels of funding. The table should be useful as a dec%stOn making
tool for adm1n1strators when estab11sh1ng fund1ng levels for ra11road highway
grade crossing: 1mprovements ' '
For example, the field studies indicated that h1ghway traffic signa]s
show great promise for improving safety at certain cross1ngs present]y
controlled by f]ash1ng light signals. This being the case, ‘an- adm1n1stratorij
would want to know what it would cost to 1mp1ement traffic. s1gnals at all or
part of the candidate crossings. For the sake of 111ustrat1on assume.that
10 percent of the nation's crossings presently controlled with f]ashing 11ght
s1gnals were 1dent1f1ed as likely candidates for h1ghway traffic s1gnals .
From tab]e 35, 1t is seen that it would cost $36.7 m1111on to install traffic
signals at 10 percent of the crossings present]y contro]led by- f]ash1ng 11ght2
signals. "As another examp]e it would cost approx1mate1y $72.3 million to j
retrof1t 10 percent of the nation's gated crossings with four- quadrant gates‘}
w1th sk1rts ' ‘

The reader is reminded that'benefit cost ratios for installing the
1nnovat1ve systems would genera]]y be very h1gh ranging up‘to 8.7 for-
four quadrant gates with, ‘skirts and up to 147 for new h1ghway traffic.signal ..
1nsta11at1ons Thus each. level of 1nvestment in the 1nnovat1ve systems
presented in table 35 wou]d be expected to return many t1me the 1nvestment

costs_1n acc1dent cost savings.

Cost of Train Predictors
The research was not intended to evaluate the cost-effectiveness of

train'pred1ctors However, since predictors (and the constant warning'time
they provide) were found to be extremely beneficial at one of the study
sltes. a brief d1scuss1on of pred1ctor costs is appropr1ate

- Based upon estimates provided by two railroads, a basic predictor%unit
with the redundancy feature costs between $11,500 and $14,000, depending on
the supplier and purchase quantity. The cost of a train predictor unit
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Table 35. Estimated nationwide installation costs for the three innovative systems.

Installation

Total Nationwide Costé
(in millions $) to Convert
"~ Given Percentage of

- Existing Number of Alternative (Retrofit) Existing Crossings
‘Traffic Control- - Crossings  Innovative System Cost 1% 5% 10% 20%
Standard Flashing Light 32,778 * Four-Quadrant $19,200° 6.3 . 31.5 62.9 125.9
Signals Flashing Light - T
’ Signals with
Strobes -
Highway Traffic 11,2001 3.7  18.4  36.7  73.4
“Signals : .
Standard Gates with 22,006 - Four-Quadrant 32,750* 7.2 | 36.1  72.3  144.5
Flashing Light Signals : Gate with Skirts : '
: and Flashing
o Light Signals
Other Active Devices 9,033 Highway Traffic 11, 200? 1.0 5.1 10.1 20.2
"Signals ' S -
Passive Control? 128,577 Highway Traffic 42,8803 55.1 275.7 551.3 1,102.7
' : Signals . S -
Installation (retrofit) costs assume that train detection system is in place.

’Crossings with no control are excluded.

3Intallation costs include installation of train detection system..



without redundant or backup capability is about 30 percent less. This cost
does not include installation costs, battery costs, wiring and relay costs,
etc. It should also be noted that a single predictor unit can normally
‘handle both approaches of a single track crossing. Multiple-track crossings
or crossings with insulated joints nearby will require mu1t1ple predictors or
sets of unidirectional predictors.

One of the railroads also provided cost comparisons for installing train
predictors versus motion sensors in conjhnction with flashing 1ight signals
with and without gates. Based on the railroad's estimates, it would cost
approximately $42,840 to install flashing 1light signals with train predic-
tors, while it would cost approximately $34,240 to install the same flashing
1ight signals with motion sensors. Thus, the use of predictors versus motion
sensors would result in an increased total installation cost of approximately
$8,600. For the case of gated crossings, the railroad estimates that it
would cost about $61,930 to install standard two—quadrant gates and flashing
Tight with train predictors, while it would cost $50,930 to install gates and
signals with motion sensors. In this case, the use of predictors would -
result in an increased total installation cost of approximate]y $11,000.
These costs estimates are for a typical single-track crossing in Tennessee
and they assume a maximum train speed of 60 mi/h.
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IX. IMPLEMENTATION CONSIDERATIONS

The field 5tudies assessed the effects of three innovative traffic
Contro],devices.Ongdriver behavior and safety at typical grade crossings. .1In
addition to. driver behavior and safety, other considerations are important to
the success and acceptance of these innovative devices for general field use.
These considerations include hardware, installation, system operation and

maintenance, and system power requirements.

This cHépter identifies the important implementation. considerations for
each of the three innovative traffic control devices. The information
presenfed is based on the experience and insight gainedidufing the field ‘;
éva]uation,_as well as input from Southern Railway employees; .City of Knox-
ville Traffic Engineering Department personnel; traffic signal contractors
who installed,. operated, and/or maintained the innovative devices; and many

years of railroad-highway grade crossing experience by the project staff.
four-Quadrant Gates with Skirts

The most effective devices, in terms of driver response and safety, are
the four-quadrant gates with skirts. As discussed in chapter V, this device
compietely eliminates all unwanted vehicle crossings and enhances driver
behavior in the crossing approach area. In addition to the obvious safety

benefits, four-quadrant gates with skirts are relatively easy to install,

maintain, and operate, and they are reliable and durable.

The four-quadrant gates with skirts may be thought of as a level of
itraffic control between standard two-quadrant gates and a grade separated
crossing. If standard two-quadrant gates do not provide the level of safety
desired and a full-grade separation is not economically attractive, then the
four-quadrant gates with skirts should be the more cost-effective alterna-

tive.

Applications. Obviously, four-quadrant gates are very appropriate for
those crossings which tend to have violations of gate arms by motorists; the
four-quadrant gates with skirts simply stop all violations by blocking the

driving around a gate arm. However, four-quadrant gates with skirts can be
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used at any crossing where standard two-quadrant gates are warranted.
Several types of crossings tend to have a reasonable number of motorists
driving around gate arms after they have been lowered. These crossings have
certain unique characteristics which tend to encourage violations and WOU]d‘

be prime candidates for use of four-quadrant gates with skirts.

There are crossings with other characteristics that are good candidates
for four-quadrant gates with skirts:

o Crossings on four-lane undivided roadways.
° Crossings with two or more tracks separated by a distance

equal to or greater than the storage requirements for one or
more motor vehicles.

) Crossings with large variations in train speeds and w1thout
pred1ctors ,
° Cro$§1ngs for which motor vehicle-train collisions bdsevlarge

potential safety problems such as: (a) crossings with large
numbers of hazardous materials trucks, (b) crossings with
large numbers of school buses, (c) crossings with high-speed
passenger trains, and (d) crossings with continuing.accident
occurrences, E o

° Crossings with consistent gate arm violations or continuing
accident occurrences.

The above listed crossings are candidates for the use of four-quadrant
gates with skirts and have characteristics that tend to cause motorists to
desire to drive around gate arms, or if an accident does occur- from a motor-
ist driving around a gate arm, the consequences of that accident can be very
severe. The discussion below reviews the rationale for each type of crossing

being a candidate for four-quadrant gates with skirts.

Crossings on Four-Lane Undivided Roadways. While several characteris-

tics of crossings tend to cause motorists to desire to drive around gate
arms, crossing geometrics play an important role in permitting or creating a
decision to violate gate arms. With crossings on four-lane undivided road-
ways, one will find that there is a sufficient amount of lateral space to
permit a motor vehicle to go around a gate arm that only covers two of the
four lanes. An example of this characteristic is shown in figure 49. If
there is sufficient space for maneuvering a motor vehicle around a gate arm
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with relative ease, many motorists will violate a gate arm, particularly if

the driver perceives a long waiting time.

Crossings with Two or More Tracks a Substantijal Distance Apart. Cross-

ings that have two or more tracks which are separated by a distance equal to
or greater than the storage requirements for one or more motor vehicles often
cause motorists to desire to violate gate arms. A truck driving around a
gate arm for multiple tracks separated by a substantial distance is shown in
figure 50. Motorists seem to treat the distance between the tracks as a
safety island to store their vehicle should they encounter a train on the
downstream track. Field observations indicate that motorists will often pull
around one gate arm and use the lateral space between the trdcks'for reas-
sessing if there are other tréins coming on the set of tracks they are now
approaching;‘ More violations are. expected as the “spacing betwéen the tracks

increases.

Crossings with Large Variations in Train Speeds and Without Predictors.

There are crossings which have a large variation in train speeds from slow
moving freight trains of 20 mi/h or lower to high-speed passenger trains of
80 mi/h or higher. When predictors are not used, obviously there is a
substantial difference‘in the Tength of time fhat gate arms are down for
approaching trains. Field observations would seem to indicate that in these
types of situations drivers have difficulty recognizing these varying speeds.
This is to say that if a driver frequently encounters a gate arm being down
for a long period of time at a crossing, the driver has a tendency to not
want to wait for a long activation and will often drive around the gate arm.

Obviously, with fast moving trains, this creates a severe safety hazard.

Crossings for Which Motor Vehicle-Train Collisions Pose Large Potential

Safety Problems. There are crossings where the type of motor vehicles that

use the crossing create a potential for severe safety problems should a
collision occur between a train and a motor vehicle. Additional safety
measures are often necessary to minimize the potential for conflicts at these
crossings. Four-quadrant gates with skirts could significantly improve

safety at these crossings.
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Figure 50. Tracks separated by sufficient distance
to store motor vehicles.
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Hazardous materials trucks using a crossing can pose a serious problem
should a collision occur between one of those vehicles and a train (see
figure 51). There have been some very serious accidents of this nature in
the United States in the last few years. Some of these accidents have
resulted from gasoiine tank tfucks driving around gate arms.- The result has
been disastrous. Figure 52 shows the results of a gasoline tank truck that
drove around a gate arm and was hit by a train. Seven fatalities resulted
from this collision, and 19 motor vehicles were destroyed by the‘resulting

fire.

In addition; if a hazardous materials truck is stoppéd‘at a‘crossing_and
a motor vehicle-train collision occurs, the possibility of a secondary
collision wifh the hazardous materials truck presents a séribgs safety
problem. Thus, as the number of hazardous materials trucks‘usfng a crossing

increases, this safety issue becomes more severe.

Crossings with a Targe number of school buses and/or pub11c transporta-
tion buses pose certain safety problems. An example of this type of crossing
is shown in figure 53. While it is very unlikely that a school bus driver or
a transit bus driver would ever drive around a gate arm and.place school
children or adult passengers in a serious séfety situatidn;_héveﬁthe1ess, a

-secondary collision from a hazardous materials truck b§n €au§ef§érious safety
problems. ,As the number of school bus crossihgs ahd/bt,pu51EC~tkansportation

bus crossings increases, the magnitude of this safety issue increases.

Crossings with high-speed passenger trains pose certain safety problems
due to the possibility of a train derailment as well as the speed of impact
of the train with a motor vehicle. Obviously the derailment of a passenger
‘train has the potential for creating a large number of pérSdhé]iinjuries and
fata]ities;\APreventing a motor vehicle from moving on to;thémtracks in front
of a high-speed passenger train is highly desfrab]e;‘ In situations where the
crossing characteristics are such to cause a desire to drive dround a gate
arm, four-quadrant gates with skirts will be very effective.

Continuing accident occurrences at crossings with two-quadrant gates

tend to indicate that the standard gate system is not performing as intended.
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Figure 52. Results of collision of hazardous

materials truck and train,
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Figure 53. School bus and transit bus using crossing.
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This can be due to a number of things, some of which are not necessarily due
to motorists driving around the gate arm. However, when one encounters
continuing accident occurrences, one should consider using four-quadrant

gates with skirts to improve the safety of the crossing.

Crossings with Consistent Gate Arm Violations. Crossings with consis-

tent gate arm violations which do not meet one of the preceding situations
also pose a continuing hazardous situation for the traveling public. An
example is shown in figure 54. There seem to be some crossings that do have
an abnormally high number of drivers going around gate arms. In these situa-

tions four-quadrant gates with skirts will simply eliminate the violations.

Hardware Considerations. With the exception of the gate arms and
skirts, all of the hardware and equipment used in the four-quadfant gates
with skirts are standard parts commercially avai}ab]é from éeyer§1‘suppliers-
Furthermore, the hardware/equipment is the same that is used in standard
two-quadrant gates; thus, field crews are familiar with their installation,

operation, and maintenance.

To minimize unnecessary or lengthy gate activations, motion sensors or
constant warning time train detectors should be installed at crossings where
there are switching operations or large variations in train speed. The
motion sensors and constant warning time detectors will minimize the time

which the gates block the crossing.

A delay relay should be installed in the gate control system in order to
stagger the operation of the near- and far-side gate arms. Also, due to the
added weight of the gate arm and skirt assembly, more counterweights will be
required on the panarms. This added weight causes no problem in system

operation.

The innovative gate arms with skirts made from kiln-dried redwood
performed successfully and proved that the concept was not only technically
feasible but practical and economically feasible. However, the following

improvements would be desirable in a fully operational system:
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Figure 54. Multiple large trucks drivihg around gate arms,
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. The gate arms and skirts had an extreme number of support
brackets, pivot joints, and bolted connections making assem-
blage and repair somewhat time consuming. A simpler design
can be attained.

° The joints connecting the skirts to the gate arm could only
accommodate movement and loading in the plane parallel to the
gate arm. Thus, when a skirt "rubbed" along the top of a
large truck (as happens even with standard gate arms), the
skirt-gate arm connection could fail. Typically, the wood
around one or more of the plastic hinge joints would crack and
the p]ast1c joint(s) would separate from the board. This of
course is undesirable and could be remedied. through a better,
more flexible joint design that permits some lateral movement.

) At some of the pivot points in the flexible skirts, the boards
would rub together as the gate arm was being ra1sed and
lowered. - This rubb1ng damaged -the retroreflective sheeting
which was ‘on 'the" ‘board surfaces. This problem could be easily
remedied by minor changes in the Jjoint des1gn and/or board
a11gnment v :

One pefnfﬂfolnaﬁéeicdncérn{ng'fhe'gatelarms_and skirts 1is. whether the
skirts are cost- effective The‘fie1&’exbekience éuggests‘that four-quadrant
gates alone- may great]y enhance driver performance and safety, and that the
additional beneflts of sk1rts may be minimal. The: add1t1on of skirts cer-
tainly comp]1catesﬂdev1ce construction, installation, and maintenance, and
increases the cost of a four-quadrant gate installation; however, it enhances

visibility considerably, especially at night.

Installation Considerations. Four-quadrant gates with skirts can be
installed by regular field personnel within the normal scope of their duties
and union contracts. No additional personnel training is required, nor are
any special equipment, vehicles, or tools needed beyond those required for

the normal installation of a gate system.

The procedures to install four-quadrant gates with skirts are basically
the same as those used for standard two-quadrant gates, except for the
following special requirements and concerns:

° Due to the increased weight of the skirts and gate arm,

additional counterweights may need to be added to the panarms
compared to the counterweights required for a standard gate
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arm. This add1t1ona1 counterwe1ght w111 not affect the -
operation of the mechanism.. -~

° When the gate and sk1rt are 1owered and stopped in the hor1-
- zontal position, there is a tendency for the unit to bounce or
rock up and down a few times. To prevent the bottom of: the:
skirt from striking the pavement during this bouncing, there
should be 3 to 4 inches clearance between the bottom of the
skirt and roadway. . a i o e

‘ _System Operation and Maintenance.. It is very important that the. gate .
arms be of sufficient length to completely block the: roadway. - If an opening
of Jjust a few\feet is left between opposing gate arms, motorcyclists and -
bicyclists may try to cross in front of a train.

‘There -should be a time delay between the operation of the near- and far-
side gates. That is, the near-side gate should start down first, with the
far-side gate descent delayed by a few seconds. The actua]tde1a§ft1meais
based on vehicle lengths, crossing width, and vehicle operating=speeds (At
the Cherry Street cross1ng, a 5- second offset was used ) The delay is
achieved by 1nsta111ng a delay re]ay in the contro11er and by adJusting the
circuit res1stance as appropr1ate L '

Three red 1ights should be used on each gate arm. Thus, a1EOta1 of six
-gate lights across the roadway on each side of the crossing would be used.
The two outside lights should be operated in the flashing’ mode while the

four interior 1lights should be steady burn.

The type of maintenance for four-quadrant gates with skirts is essen-“'
tially the same as for standard two-quadrant gates. Due to “the comp]ete
roadway being closed upon a ma]funct1on of the equ1pment ‘a reasonably qufck

response time is needed.

Power Requirements. The system contains two more gate mechan1sms and
six more gate lights, thus it uses approximately 50 percent more power The
additional weight of the gate arms and skirts does not increase energy
consumption significantly because this weight is "accommodated” by adding =
counterweights to the panarms. )
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Environmental Considerations The experimental gate arms with skirts
were subJected to a var1ety of environmental conditions. They performed fine
in high w1nds in heavy rains and under snow and ice conditions. They did
not swing or sway excess1ve1y,,nor did they bind up, freeze up, or snag.

Also, the.gatesuand-skirts were‘essent1a11y self cleaning from rain.

Emergency Vehicles. Emergency vehicles need to be considered in imple-
menting four-quadrant gates with skirts, particularly at crossings near
hospitals, .near fire stations, or on routes-frequented by emergency vehicles.
Some ideas and issues regarding emergency vehicle hand]ing are presented
below: ‘ ‘

° Advance notification of all affected”serviee aQeneies is

needed. These agencies should be informed of alternate routes

~and what to do if a malfunction does occur during an emergency
run.

e Gate arms wh1ch cou]d be ra1sed or rotated out of the way by
o ‘emergency personnel either manually or e]ectron1ca]1y could be
installed-at crossings frequented by emergency: vehicles.

Also, the far-side gates could be designed to raise automati--
‘cally if down for more than some maximum time.

o  The four-quadrant gates with skirts could simply .not be
considered for use at crossings that are frequented by emer-
gency vehicles and a suitable alternate route is not avail-
able. ‘ . :

:in“shouldnbe;remembered that four-quadrant gates would only be a problem
for‘emergency vehicles if the equipment malfunctioned. Obviously, if the
gate arms are down because of a train approaching or on the crossing, the
emergency . vehicle should not proceed over the crossing. Thus, if malfunc-
tions occur infrequently, four-quadrant gates with skirts should not pose any
probjems‘for emergency vehicles.. If a malfunction does occur and a train is
not approachfng the crossing, an emergency vehicle could simply break the .

gate arm if the situation warrants.

Highway Traffic Signals

The enhanced highway traffic signals performed better than standard -
flashing 11ght signals in reducing CL10s and CL20s when predictors were used
on both systems. In addition, the violation rate was low. In fact the
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highway traffic signals performed similar to standard short-arm gates in
discouraging unacceptable track crossings. Furthefmore, the traffic signals
proved to be less expensive than flashing light signals-and muchicheaper than
short-arm gates. These results suggest-that. enhanced highway traffic-signals
do indeed have application to railroad-highway-grade crossings. In fact, "
study results indicate highway traffic signals would:actually improve cross=
ing safety over that afforded by standard flashing light- s1gnals and at'a- -
. reduced overall cost. SR R
Applications. Study results further indicate that, with appropriate - -
revisions to the MUTCD, highway traffic signals could be used at any crossing
where flashing 1ight signals are warranted. Highway traffic 'signals-have a
high level of driver credibility and respect because they.have been.used ' -+
prudently and have been well operated and maintained in the'vast majority of
cases. If highway traffic signals were to be successful at .railroad-highway
grade crossings, and thus, not compromise driver credibility for highway ' -
traffic signals in general, then the same-high standards of operation and-
maintenance must be obtained. In particular, highway traffic signals shoiild
not be considered at crossings where false activations/malfunctions-are™ "'
common. They also should not be used at crossings where the train warning -
and/or occupancy times are consistently unreasonably long, “i.e., :above 60.

seconds.

Some crossing situations where highway”traffichignals*WoU]dLregu15F1y“
afford. advantages over conventional flashing light s1gnals are 1dent1f1ed
below: ‘ : '

° Crossings in the vicinity of a signalized intersection or 1n
the middle of a system of signalized intersections. - ' = .:

e Crossings with complex highway geomeirics where drivers ére_j‘
unable to make proper judgements on whether it is safe to .~
" proceed across the tracks and where gates would be.. impract1—‘

cal.

Crossings in Area of Signalized Intersections. Motorists us1ng a'J""'

crossing that is Tocated in the area of a number of signalized h1ghway
intersections are respondlng with regularity to standard h1ghway trafflc
signals. - To change to a new type of activated traff1c contro] dev1ce
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generally found nonactivated, requires some adjustments for a motorist from a
‘human .factors point of view:. = Increased perception-reaction times-can occur
for motorists in these situations through receiving a different stimulus for
processing. To provide a repetitive environment for a motorist, thére is
merit in continuing to provide a standard.highway traffic 'signal system. -
network across a fairly. large area to reduce the number of ‘new or different
encounters by the motorists. Figure 55 shows an application of this concept
in Denver, Colorado, and figure 56 shows an application in Knoxville, Tennes-

see.. . . R e

Complex.Geometrics at Crossings.. Traffic encountering comp]ex'highway‘

geometrics at crossings is difficult to control with standard: railroad active
traffic control devices such as flashing 1ight signals or dates. '‘Complex:
highwayigeometrics create complex driving maneuvers on the part of motorists.
Channelization of motorists becomes critical to ensure appropriate movement
of motor vehicles in a complex geometric area.' 'In addition, perception-
reaction times can be significantly increased for motorists through encoun-"
tering confusing geometrics and/or -a complexity of active traffic control
devices. Complex .geometric multileg crossings are difficult, to say the -
least, to actively control by flashing light signals or gates. However,
highway traffic signals, through the use of protected turning movements as
well as arrows for directional movement and guidance, can be effective active
traffic control devices at these types of crossings. Figure 57: shows an
application of this concept in Oklahoma City, Oklahoma, and figure 58 shows

an application in Knoxville, Tennessee.

Hardware Considerations. Except for the Barlo strobe 1lights in the red
signal\]enses, all of the hardware used is standard, off-the-shelf highway
traffic Signa] equipment avai1ab1é-fromunumerousfsupp]iers‘jnfa]l parts of
the‘country. This includes the sfgna] poles and foﬂndat{ons; mast arms,
signal heads, mounting hardware, wiring, controller, and advance sign/
flashing beacon units. The ready availability of this hardware and competi-

tive price market‘certain1y‘are advantages.

The Barlo 1f§hts are currently available only from a sole source, and-
production Tevels are low. Should the enhanced highway traffic signals be
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Figure 55. Highway traffic signals used at a crossing in Denver, Colorado.

"Figure 56.

Highway traffic signals used at a crossing
in Knoxville, Tennessee.
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Figure 57. Highway traffic signals at crossing with complex roadway
geometrics in Oklahoma City, Oklahoma.

Figure 58. Highway traffic signals at crossing with complex roadway
geometrics in Knoxville, Tennessee.

205



adopted for use, it is expected that the current supplier could meet demands
at priées comparable to existing active device prices. .Other manufacturers

would also be expected to enter(the,marketrdepending on,patent.restrictiqhs.

Any type of s1gna1 contro]]er can be used as long as 1t is capab]e of
providing a three- part (red, ye]]ow and green) variable length cycle,. along
with a flashing red mode. Also, it is desirable to fully unify the signal
controller with the train detectjon contro]}er,ep]qcing‘them_1n.the‘same

cabinet and providing a unified power system.

iInétdllatien;Considerations. ‘RajlreeQS_heye the experienced.labor .
needed to install highway traffic signals. The alternative of :using. highway

traffic signeﬂ contractors would also be évai]ab]e.

No additional right-of-way or-spate (ebovewor below QEOuﬁd) is needed
for a h1ghway traffic signal compared to a flashing light signal. . However,
if advance f]ash1ng beacons are used, some additional space.along the roadway
right-of- way may be needed for these devices. The installation of the
beacons will generally be handled by the highway agency which would require.
some additional eoofdinatien. |

Power Considerations. The enhanced highway traffic. signal is powered
directly by 120 vo]t commerc1a1 power.- The 120-volt power permits the.use. of
H1gher wattage lamps (compared to flashing light signals). The higher
wattage lamps are br1ght over a wide angle; thus a11gnment is not critical as

is the case with f1ash1ng 11ght signals.

For the field studies, a prepane generetor was used to provide backup
power. for the h1ghway traffic signals in the event of a commercial power
fa;]ure, (Backup power for the train detect1on system was provided by
conventional 12-volt batteries.) The propane generator was capab]e of power-
ing the traffic signal for 24 hours or more. The generator performed without
incident during the months of testing.

Power backup may not be necessary for a highway traffic signal instal-
lation since, unlike flashing light signals and gates, a traffic signal has a
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built-in fail-safe mode. When power is lost due to a commercial power
“failure or malfunction, the signal indications go'blank. A blank signaf;“in
Elrn;-“warns ‘motorists ‘that there is a problem and that conf]ictSVWftp oppos-
ing traffic are likely. Experience with conventional highway traffic signals
indicates that drivers will be extremely cautious under these circumstances.
Backup generators are not known to be used in the 111ustrat1on shown in th1s

chapter

Tt may be appropriate to define a fail-safe mode as a flashinjlred“fpr
standard highway traffic signals used at a railroad-highway crossfng.“ Thi's
mode would not be difficult to achieve with a standard battery system used
with standard active control devices at a cross1ng The h1ghway traffic
s1gna1 should be operated regular]y on 120-volt AC power supply. Howeyer;‘
should there be a power failure, a s1mp1e relay could be used to swﬁtch‘fron
the 120-volt AC power supply to the battery source to operate on1y a flashing
réddlﬁbhttby DC ‘current. Without 1ncreas1ng the existing capab111ty in
standard battery installations at crossings, one could ma1nta1n ‘a flash1ng
“red mode for a sufficient time to cover ‘all but the most extens1ve power
outageS‘caused*by storms. The increased safety benefits from the use of *
highway traffic s1gnals should far outwe1gh any safety problems caused by '

power failures from a major storm.

Warning Time and Train Detection. The enhanced highway traff1c s1gnals

‘can be- eas11y and economically installed at crossings equ1pped w1th f]ash1ng
light signals. However, for such retrofit installations (and for all new

~installations), consideration must be given to providing reasonab]e, un1form
train warning times. Warning times (the time that the signal is ye]]ownand'
then red before the train arrives at the crossing) will depend on the vari-
ability in'approach train speeds and the type of train detectipn equipment
Reasonable and uniform warning times are essential to the successful opera-
tion of the enhanced highway traffic signals. Thus, 1eve1 of serv1ce D or

better should ‘be maintained.

Experience suggests that most motorists will stop and wait for a red
traffic signal for up to 60 seconds, even if there is no opposing traffic in
sight. This ‘is true at signalized highway intersections and was also ob-

‘served dt the crossing test site. If the wait time exceeds about 60 seconds
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(pgftﬁcu]ar]y if.thére is nb‘opposing traffic), the highway traffic signal

may lose credibility for the motorist and violations are likely -to occur.

At crossingé'with Variéb]e train speeds, it is desirable to employ
constant warn1ng t1me train detectors to .provide warning times in the ‘range
of 20 to 30 seconds - Constant warning time detectors should not be needed at
crossings with un1form train speeds since the uniform speeds shou1d result
in un1form warn1ng times. ~Highway traffic signals will norma11y outperform -
f1ash1ng 11ght s1gna1s in terms of reducing the number of motor veh1c1es
going over ‘the cross1ng after the signals are activated, even‘when,both

systems have constant warning times.

Traff1c S1gna1 0perat1on and Timing. The highway traffic signals shou1d
rest in green unt11 “the approach of a train is detected by the train detec- L
tors. When the trajn is approximately 20 seconds from the crossing, ‘the -
signal should tdrn.ye11ow and then red. The signal should remain red, with -

the white bar strobes flashing, until the train is past the crossing. . -

The 1ength of the ye]]ow vehicle change 1nterva1 should be 3 to 6
| seconds, depend1ng on’ approach.traff1c speeds. Recommendat1ons for sett1ng
yellow times'fbf highway‘intersections are presented in the MUTCD .and: Traff1c

Engineering Handbook ~and these guidelines are applicable to grade crossing :
(11,27)

highway traffic signal installations.

A minimum wafning time of 20 seconds is more than enough to proVide-
adequate train-car‘éepafatibn. In fact, a lesser warning time might minimize:
motorist delay, uncertainty, and violations, while still providing adequate .
train-car clearances. This time may be increased where conditions of vehicle:
length, acceleration characteristics, grades, number of tracks, or other

factors dictate.

It must be recognized that hardware malfunctions (namely false signal
activations)‘are unavoidable. Furthermore, it would severely damage the
credibility of a highway traffic signal installation at a grade crossing.if -
the signal remained red during a lengthy malfunction period. Thus, it is
desirable to have the signal changé indications in the event of a malfunc-
tion. With standard signal equipmentzand controllers, the most practical way

08
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”to accommodate false act1vat1ons is to have the s1gna1 change to a flashing
red indication after a suff1c1ent1y Tong per1od (long enough to know that the
| act1vat1on is not due to a slow train). A t1me of three m1nutes may be
:tacceptab1e for most installations. This. t1me shou]d be based on spec1f1c

fvcond1t1ons at the crossing such as train: speeds and tra1n lengths

_ A11 railroad warning signs (1nc1ud1ng the crossbucks and advance warn1ng
‘s1gns) should be eliminated. In their place, intersection stop bars and
u‘s1gna] ahead signs with flashing beacons should be installed on the crossing
‘5approaches. Stop bars are essential, since the normal 1ntersect1on cues are
3{not‘present at a railroad grade crossing. In fact, "STOP HERE ON RED" 'signs

‘may be used to supplement the stop bars.

Maintenance Considerations. Highway?traffic signal installations
‘reguire similar maintenance as a standard'flashing light signal system.
-However, f]ashing~1igh£ signals, as opposed to highway traff1c s1gna1s do

require sighting. Maintenance of h1ghway ‘traffic signals could be handled by
railroad signal maintainers with very little add1t1ona1 training. Typical
maintenance needs include the following: -(1) the signal lamps must be
changed and the lenses cleaned periodically; (2) routine service checks on
wiring and the controller are recommended;:and (3) pavement mafkings must be

replaced periodically and signs should be cleaned periodica11y.

Four-Quadrant Flashing Light Signal Systenfwith Overhead Strobes

Based on the results of the field studies, the four-quadrant flashing
1ight signal system with strobes did not appearvto have a significant impact
on the. overall safety of the test crossing. However, the innovative system
did encourage some drivers to begin braking sooner and to approach the
crossing at slower speeds. Thus, the system may have some potential limited
applications, particularly since it involves very little cost over a standard

flashing light signal system.

This system does enhance the conspicuity of the crossing by adding
additional lighting sources as well as physically relocating specific
roundels for better visibility. The more appropriate installation would be
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for safety enhancement of crossings using post-mounted flashing light sig-
nals.

Applications. The four-quadrant flashing light signal system with
overhead strobes is best suited for crossings where, due to the horizontal
and/or vertical alignment or restricted sight distances, the visibility of
the crossing itself is restricted (see figure 59). Due to the low cost and
ease of implementation of the system, it would be an alternative at both Tow

or high exposures.UTC"

Field stud1es suggest that the overhead strobes may actua]]y encourage
‘'some drivers. “to- cross the tracks after stopp1ng, wh11e the dev1ce is acti-
vated. This. cou1d be a prob1em at’ cross1ngs w1th 1nadequate s1ght distance
down the tracks from the stopp1ng point SRR

From 11m1ted observat1ons at the test cross1ng,“1t wou]d_appear that the

four-quadrant post mounted s1gna1s may not be cost effect1ve (compared to two

standard post- mounted s1gna1s with back-mounted 11ghts . Thus 1mprovements
in safety from this.system might be atta1ned through the use of strobe lights
in combination ‘with a standard two-quadrant f}ash1ng Tight signal system.

Installation Considerations. The four-quadrant flashing light signal
system with strobes can be 1nsta11ed by regular field personnel .familiar with
the installation of a standard flashing 1ight signal system.

Hardware Considerations. The four-quadrant flashing light signals with
overhead strobes can be easily and economically retrofitted to an existing
standard flashing 1ight signal system. A1l of the hardware for the flashing
1ight signals is standard crossing equipment available from several suppli-
ers. The strobe equipment is also commercially available from multiple
sources. The particular strobe lights used are commonly used at airports, on
radio/TV antennas, and on ocean vessels. The strobe Tights and support

hardware are reliable and durable.

The strobes should be mounted above the flashing light signals on the
same poles (pole height extenders will be needed), and the strobes should be
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powered and controlled by the same controller and battery-powered system used
for the flashing 1ight signals.

Alignment of the overhead strobes is not critical, i.e., “strobe visibil=
ity is not particularly sensitive to alignment as is the case with roundels. ™
There will be additional wiring and burying of wire required for the two

3 -

additional ‘post mounted signals-on opposite sides of the crossing.: -

Power Considerations. The strobes should be powered by ‘the same battery
system used to power the flashing light signals. The overall power require=
ments of the four-quadrant flashing light signals with overhead strobes would
be abodﬁ"twice'thé'powef required for a stardard, two-quadrant flashing Tight
signal system. Thus, more batter1es and battery storage space may be re- "
qu1red for this’ system ‘ ' ‘ ' ‘ :

System Operation and Maintenance. The four-quadrant flashing light
s1gnéi‘system with ‘overhead strobes is operated in ‘the same manner as‘a’
standard two-quadrant flashing Tight signal system. ‘That is, as a train
approaches the crossing, the flashing lights and strobes are‘activated at -
least 20 seconds prior to arrival of the train at the crossing. Both the
flashing 1ight signals and strobes are activated at the same time, and they

continue to flash until the train is past the crossing.

Two strobes per approach should be used. The use of two strobes per
approach provides the desired level of conspicuity without distracting from
other important visual cues at the crossing. With the dual light configura-
tion, strobe lighting will be provided in the event that one unit fails to

activate, or is burned out.

The strobes should be operated in an alternating flash mode; one strobe
on an approach should be illuminated while the other is blanked. A flash
rate of approximately 75 flashes per minute should be selected. Even at
night the strobe flashes cause no hypnotic effects, nor do the brighter
strobes "wash out" or obscure other traffic control devices/visual cues at
the crossing.
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Long-Range Implementation

The implementation considerations presented in this chapter have been
developed through the field experience gained from the research project,
consultations with the traffic engineering community, as well as many years
of crossing safety experience by project staff. As these systems are imple-
mented and are placed under additional field conditions, it is recognized
that modifications to these guidelines may be needed. However, these guide-
Tines will promote successful installation and operation of the three sys-

tems...

. Based upon the results and experiences with the innovative systems to
date, the systems are ready to be implemented in various geographical regions
across the éountry in the applications identified in the preceding discus-
sions. In fact, highway traffic signals are currently being used throughout
the United States a£ crossings with certain characteristics. For nationwide
implementation, the systems need to be adopted into the MUTCD. This will
require the active support of the traffic engineering community, highway

agencies, and the railroads.
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X. SUMMARY OF RESULTS AND CONCLUSIONS
Summary of Results

This chapter summarizes and compares the effectiveness of the three
innovative active warning devices and presents major conclusions from the
‘research. Based on the results from the field studies, all three of the
innovative active warning devices for use at the railroad-highway grade
crossings proved feasible both from technical and practical standpoinﬁs. In
addition, all three of the systems were seemingly well accepted by the
moioring public. There were no accidents, complaints, and/or inquiries while

the innovative devices were in operation.

Two of the warning systems, the four-quadrant gates with skirts andﬂthe
highway traffic signals with predictors, were very effective in improving
safety related driver behavior at the crossings where they were installed;
the frequencies of illegal and dangerous maneuvers were reduced. The third
system, four-quadrant flashing light signals with overhead strobes, had no
measurable effect on driver behavior that would improve safety at the cross-

ing where it was installed; however, it may have some limited applications.

As described in chapters V, VI, and VII, driver behavior data were"
obtained from three railroad-highway grade crossings in the Knoxville,
Tennessee, area both before and after the innovative active warning devices
- were installed. Data collected include warning and clearance times at the:
crqss1ngs, speed profiles, brake reaction times, maximum deceleration 1evgls,
average violations, and vehicle crossing rates per train arrival. A éummé}y

of the.major performance measures can be found in table 36.

Speed Profiles, Braking Characteristics, and Deceleration Levels. There
were no major differences in speed profiles, PBRTs, and maximum deceleration
Tevels in responée to any of the new devices that would have a discernible

impact on safety. A1l of these measures fell well within acceptab]e limits.

Warning and Clearance Times. Of interest were warning times and clear-

ance times, where warning time was defined as the time between activation of
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Table 36. Comparison of driver performance measures in response to
various active warning devices.!

Type of Warning Warning Time2 Clearance3 Violations4 Crossinqs5 CLZOs6 CL10s7.
Device Mean LOS™ Time (sec) Mean/Percent Mean/Percent” Mean/Precent” Mean/Percent

Cherry Street Crossing’

Twe-bnadrant‘Gatésh: 516 D 45 260 83.9 400 %8  0.60 40.9 005 5.4
Four-Quadrant Gates . . 56.1 D 489  0.00 0.0 . 113 57 0.00 0.0 0.0 0.0
wlth Sk1rts "

Ebenezer Road Cr0551nq‘ .

- Flashing Light Signals "40.8 'C 205 - - 343 886  1.14 55.3 - 0.11 10.6

Flashing Light signals 36.7 B 19.1 - L 2.50 90.0 0.05 50.0 0.05 5.0
vith Strobes
ul;((Sgring 1986) T e

Flashing Light Signals - 41.6 ~ € = 16.3 S 400 918 147 T4 0.22 184
with Strobes . : . . i -
(Summer 1986)

Cedar Dr1ve Cross1nq

‘Plashing Light Signals-..75.2-© F ' 2001 ' - - =~ 10.8 98.8 - 1.8 63.9 0.39 26.5
without Fredictors.. ~ C S : e

Flashing Light Signals 41.7 C 21.4 - - 3.35 86.7 0.78 53.3 0.13 8.9
with Predictors, . ‘ : S L

Righway Traffic Signals 36.3 ~ B ~~ 20.9°  0.68 35.9 073 37.2  0.24 18.0 0.05 5.1
_With Predictors . : = L o : SRR

: 1All values involving motor vehicles include only train arrlvals in which a motor vehicle vas at the
‘cross1ng e - L : ‘ ‘ ‘ o

2T1me in seconds between .activation of the flashing 11ght signals and the train”s arrival at the .
crossing.

3Tlne in seconds between ‘the lase vehicle to cross and the train’s arr1va1 at the crossing.

Vehlcles dr1v1ng around lowered gate arms or cr0551ng after the traffic signal changed to red

Vehlcles cross1ng between act1vat10n of the active warning devices and the train’s arr1val at the
cros51ng 5 L ‘

Vehlcles crossing within 20 'seconds of the train’s arrival at the crossing.

Vehlcles crossing within 10 seconds of the train’s arrival at the rrossrng

‘”‘ngevels of ‘service (LOS) are defined in Table 7.

; !SPercentagerof train events with the stated vehicle action.
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the active traffic control device and the train's arrival at the crossing, :
and clearance time was defined as the time between the last .vehicle to cross
and the train's arrival at the crossing. Average vaiues for'each of the:

eight individual studies at the three crossings are shown in table 36. Also
included in the table are the levels of service at which the warning devices

were operating during each phase of the field study.

~In regard to warning times, installation of the new warning devices had
no measurable effect. However, the installation of the predictors to the
existing train detection system had a significant impact on the warning times
at the Cedar Drive crossing. In that study (highway traffic signals with
predictors at Cedar Drive) the average warning time was reduced by over 50
percent and became comparab1e to the average warning time for the three = "~
studies at the Ebenezer Road crossing. In other words, installing predictors
at the Cedar Drive crossing eliminated the excess warning times resulting-
from a fixed-distance warning system having to handle both thru trains at:30
miles per hour and switching trains at 5 mi/h. It also made the operation
comparable to the Ebenezer Road crossing where a fixed-distance warning
system had to handle only thru trains at 50 mi/h. . Both studies. at the Cheriy
Street crossing, where motion sensors existed to partially compensate for .
switching trains, had significantly shorter warning times than the Cedar:
Drive study without predictors, but significantly qreater warning times than
the other five studies. Thus, it appears that although motion sensors can:
reduce excessive warning times caused by switchihg trains, predictors are
necessary if the warning devices are.to be operated at an acceptable level of

v

‘service.

In regard to clearance times, installation.of the new warning.devices
had no major effect except at the Cherry Street study where the four-quadrant
gates with skirts complietely blocked the roadway at least 30 seconds prior'to
the train's arrival at the crossing. -In-this case, the average clearance
time was increased to approximately double the before condition (two-quadrant
gates). Note that the average clearance times for the five studies at the
other two crossings were all around 20 seconds, which coincidently is the" -
minimum warning time required by the MUTCD; however, a number of drivers

(

accepted a clearance time shorter than 20.seconds.ll%nterestingTy; the
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average clearance times with two-quadrant gates was also very close to 20
seconds (24.5 seconds). Thus, even though the two-quadrant gates at the
Cherry Street crossing partially blocked the roadway, they had about the same
-effect on.a driver's average clearance time as did the flashing light signals

-or ‘highway traffic signals.at the other two crossings.

Violations and Vehicles Crossing. A car-train accident did not occur
-during any of the studies. Surrogate safety measures such as violations
(i11egal behavior) and vehicle crossings (dangerous behavior) were collected
for each of the eight studies. As each of the basic devices placed different
requirements. on approaching motorists, violations were defined as driving -
around lowered gate arms at the Cherry Street crossing, crossing without
stopping at crossings with -flashing light signals, and running the red light
at highway traffic signals. Because of the difficulty in determining whether
or not vehicles came to a complete stop, violations were not counted at

crossings.with flashing light signals.

One performance measure was defined as crossing between activation of’
the traffic control device and the train's arrival at the crossing.~ This
performance ‘measure was subdivided into those vehicles crossing within 20
seconds (CL20s) and those vehicles crossing within 10 seconds (CL10s) of the
train's arrival at the crossing. Average values and frequencies of the

occurrence for each of these measures are presented in table 36.

Because:of .the differences in definitions, obviously violations were not
readily comparable between all studies; however, it should be noted that with
the exception of the four-quadrant gates with skirts which physically prohib-
ited violations, installation of highway traffic signals resulted in the
lowest violation rate with an average of 0.68 violations per train arrival.
‘This low.violation rate for the highway traffic signals occurred even though
there was an average of 32.3 seconds (average length of red) for violations
.to.occur. This rate of 0.68 for the highway traffic signals can be compared
with the rate of 2.60 for the two-quadrant gates. Obviously, the four-:
guadrant gates with skirts did not have any violations because the gate arms
physically blocked the entire roadway. It should be noted that for the

highway traffic signals a violation occurred in 35.9 percent of the times
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‘when a motor vehicle was at the'crossing with a'train‘arriva]a“Howeyer;;fpr
the two-quadrant gates, a violation occurred 83.9 percent of the times when a
motor vehicle was at the cross1ng with the arr1va1 of a tra1n .. The  average
warning time for the two- quadrant gates was 58 7 percent h1gher than that for
| the h1ghway traffic s1gnals (57 6 seconds as opposed to :36.3 seconds).

seen in tab]e 36, the four-quadrant gates w1th sk1rts proh1b1ted a11 v1ola-
tions 100 percent of the time regard]ess of the 1ength of warn1ng t1me

When compar1ng the number of veh1c1es that crossed between the act1va-
tion of a warning device and a train arrival, one fwnds that the h1ghway
traff1c s1gnals with predictors had the 1owest average w1th a_mean of 0. 73
The next 1owest average was for the four quadrant gates w1th sk1rts w1th a.
mean of 1.13. The flashing 11ght s1gna1s w1thout pred1ctors had ‘the h1ghest
average with 10.86. The h1ghway traff1c s1gnals ‘had the 1owest percentage
(37.2 percent) of train arrivals in wh1ch someone crossed between the time of
activation of the traff1c control device and the arr1va1 of, the train, Even
w1th the four- quadrant gates w1th sk1rts one f1nds that 54, 7 percent, of the
time a dr1ver wou]d cross between the act1vat1on of the traff1c contro]
device and the arr1va1 of the train. The worst cond1t1ons were for two-, ..
quadrant gates and f]ash1ng l1ght s1gna1s w1thout pred1ctors whether. they ~
were at the Cedar Drive cr0551ng or at the Ebenezer Road crossing It Was.
also noted that even with pred1ctors 86.7 percent of the time a driver
crossed between the t1me of the activation of the warn1ng dev1ce and the
arr1va1 of the train at “the cross1ng with f]ash1ng light s1gnals Th1s is_an
increase of 133 percent over that of highway traffic s1gna1s (86 7 percent
compared to 37.2 percent) which makes the highway traffwc signals. with . ;
pred1ctors a substant1a1 1mprovement over f]ash1ng 11ght s1gnals w1th pred1c-
tors. C e e

| When'comparing'CLZOS the number of veh1c1es cross1ng w1th1n 20 seconds
or less of a train‘arrival one finds that the four- quadrant gates with . .
skirts perform the best with a mean of zero; howeverr the h1ghway traff1c‘¢%
signals had the next best rate with 0 24. A]so ‘one should notice that only
18 percent of the time was there a CL20 for h1ghway traff1c s1gna1s The
f]ash1ng 11ght s1gna1s with or w1thout pred1ctors had the h1ghest rates
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ranging from 53.3 to 63.9 percent. Even the two-quadrant gates had a CL20 an
average of 40.9 percent of the time.

When comparing the CL10s, a vehicle crdséing within 10 seconds or less
of the arrival of a train, one finds that the four-quadrant gates with skirts
have the best record with zero crossings. The highway traffic signals with
predictors, the two-quadrant gates, and the f1ashing light signals with
strobes (Spring, 1986) each had a mean of 0.05 for the number of vehicles
crossing within 10 seconds of the arrival of a train. It is interesting to
note that the percentage of train events in which a vehicle crossed in Tess
than 10 seconds before train arrival (CL10) was very simi]af for the two-
quadrant gates, highway traffic signa1s with predictors and flashing light
signals with strobes (Spring, 1986) being 5.4, 5.1, and 5.0 percent respec-
tively. As:can be seen from table 36; the flashing 1ight signals generally
performed worse than the hﬁghway trafffc signals with predictors.

" Benefit-Cost Analyses. As part of the'résearch, benefit-cost ana]yseé
were performed for the two most promising systems (four-quadrant gates with
skirts and highway traffic signals). In these benefif-cost»ana1yses, the
preditted savings in accident costs achieved by installing the innovativé
devices in Tieu of standard devices were compared to‘the additional costs

incurred 1in constructing, operating, and maintaining the innovative devices.

Table 37 summarizes the results of the benefit-cost ana]yses.‘ For
various traffic and train exposure levels, the table shows the expected
ranges in benefit-cost ratios for "retrofitting" the crossings with standard
two-quadrant gates with a foUr-quadfant gate system. The table also shbws
the expected ranges in benefit-cost ratios for "retrofitting" crossings with
standard flashing 1ight signals with highway traffic signals and for new
highway traffic signals installations at passive crossings. It should be
noted that benefit-cost ratios greater than 1.0 indicate that the innovative
devfce would be cost-effective (the sayihgs in accident costs would outweigh

the costs of constructing, operating, and maintaining the innovative device).

" As seen in table 37, both the four-quadrant gate system and highway
traffic signals would be cost-effective under a wide range of train and
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Table 37. Summary of benefit-cost analyses.

Benefit-Cost Ratios?

Four-Quadrant - ,
Gates with Skirts - Highway Traffic Signals Highway Traffic Signals

Exposure (Retrofit Installation) (Retrofit Installation) (New Installation)
Low
1-5 Trains/Day 0.1-4.4 0.1-7.1 0.6-30.4
500-5000 Veh./Day
Medium o
, 6-10 Trains/Day 0.8-5.2 : 1.9-15.8 8.3-67.7
N 5000-15,000 Veh./Day \ ,
High B ' '
> 10 Trains/Day : 1.7-8.7 3.6-34.4 ' 15.3-147.4

> 15,000 Veh./Day

1The benefit-cost ratios presented in this table represent a variety of crossing types and a wide
range of accident reduction potentials. They also assume that the appropriate type of train detector
equipment (e.g., predictors, motion sensors, etc.) for the crossing conditions are installed. Refer
to Chapter VIII for a detailed discussion of the analysis procedures. =



traffic volume conditions. In addition, very high benefit-cost ratios could
be achieved under many of the conditions. For example, benefit-cost ratios
for "retrofitting" with the four-quadrant gate system‘wou1d range up to 4.4
at cross1ngs w1th lTow exposure, to 5.2 at crossings with medium exposure, and
to 8.7 at crossings with high exposure. Also from table 37, benefit-cost
ratios for ' retrof1tt1ng with highway traffic signals. would range up to 7.1
at crossings;withflow exposure, to 15.8 at crossings with medium exposure,

and te 34.4 at crossings with high exposure. Even h1gher benefit-cost ratios
would be ach1eved by new highway traffic signal 1nsta1]at1ons at passive
crossings. From table 37, benefit-cost ratios for new h1ghway traffic signal
installations wpu]d range up to 30.4 at crossings with low exposure, to 67.7
at crossin951With;med1um exposure, and to 147.4 at crossings with high

exposure.

A benefit-cbst analysis for four-quadrant f]ashfng light signals with
strobes was: not attempted since the specific improvements in safety afforded
by this 1nnovat1ve system could not be suff1c1ent1y quant1f1ed at the test
crossing. It should be noted, however, that four- quadrant flashing light
signals w1th strobes m1ght enhance safety at some types ‘of crossings (see
chapter IX), and s1nce their marginal costs are re]ative]y low, they should

be cost-effect1ve.at these locations.
Conclusions

This sect1on summarizes major conclusions drawn from the field studies.
Presented f1rst are the conclusions for each of three’ 1nnovat1ve traffic
control devices wh1ch were tested (four-quadrant gates with sk1rts highway
traffic signals W?th predictors, and four-quadrant f]ash1ng J1ght signals
with overhead strbbes) Presented next are the conclusions for train predic-
tors, which were evaluated in conjunction w1th the highway traffic signals
and the flashing light s1gnals The- last sect1on prov1des conclusions

related to conduct1ng research at ra11road h1ghway grade crossings.

Four—Quadrant Gates with Skirts. The four quadrant gates w1th skirts
were field tested .for approx1mate1y 1 year at the Cherry Street crossing in
Knoxville, Tennessee. As part of the evaluation, their performance was
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compared to that of the standard two-quadrant gates which had been in regular
use at the crossing. '

Based on the field test results, the four-quadrant gate system out-
performed standard two-quadrant gates on several key measures and proved to
be practical and cost-effective under a variety of conditions. Thevspecific

conclusions for four-quadrant gates with skirts are summarized below:

1. The four-quadrant gate system substantially increased the .
safety of the crossing compared to the standard two-quadrant
gate system.

2. With the two-quadrant gates, one or more motor vehicles drove
around the closed gates during 84 out of every 100 train
arrivals. The four-quadrant gates with skirts reduced the
number of gate violations (number of vehicles crossing) from
an average of 260 per 100 train arrivals to 0.

3. Compared to standard two-quadrant gates, four-quadrant gates
with skirts reduced the CL20s (vehicles crossing less than 20
seconds before arrival of tra1n) from 60 per 100 train arri-
vals to O.

4. Compared to standard two-quadrant gates, four-quadrant gates
with skirts reduced the CL10s (vehicles crossing less than 10
seccnds before arrival of a train) from 5 per 100 trains to O.

5. Four-quadrant gates with skirts did not significantly affect
PBRT or maximum deceleration levels at the test crossing.

6. During the entire time that the four-quadrant gates with
‘skirts were in place at the test crossing, no motorists were
trapped on the tracks. Four-quadrant gates do not increase
the risk of a vehicle being trapped on the tracks, provided
the lowering of the far-side gate arms is delayed by a few
seconds to allow vehicle clearance.

7. The four-quadrant gates with skirts did not interfere in any
way with emergency vehicle operations at the test crossing.

8. The four-quadrant gates with sk1rts did not create unreason-
able delays for motorists. L

9. No significant amount of traffic diverted to other routes to
avoid the four-quadrant gates with skirts.

12. No public complaints were received concerning the use or
operation of the four-guadrant gates with skirts,

11. The news media was very support1ve of the four- quadrant gates
with skirts. : .
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~ +12. The wooden gate arms with skirts fabricated for the research
performed adequately even under very adverse weather condi-
tions (high winds, heavy snow and ice).

13. Due to their simple design, the gate arms with skirts were too
"~ easily damaged when "brushed" by a vehicle. For long-term
-use, modifications should be made in the skirt assembﬂy

" 14. A standard two- quadrant gate system can be retrof1tted eas11y o
<to four-quadrant gates with skirts. '

15.:" Worldwide experience with four-quadrant gates has been good
v+ 'and the need to provide for their use in the MUTCD is evident.

16. At a minimum, four-quadrant gates with skirts can be consid-
r ‘ered for the fo]low1ng types of crossings:

”'a; - Crossings on four-lane undivided roads.
b. Multi-track crossings where the distance
between tracks is greater than the length of a

motor vehic]e

c. Cross1ngs without train predictors where train
warning times are long and variable.

d.. Crossings where there are hazardous materials
trucks, school buses, or high-speed passenger
trains. o o ‘

~e. Crossings-with consistent gate arm violations

“or continuing accident occurrences.

17. - The added cost of installing four-quadrant gates with skirts,
27+ compared to the cost of a standard two-quadrant gate system,

© "isapproximately $32,750. The additional maintenance cost is
V»*-‘approx1mate1y $740 per year. The additional power cost is

= . minimal.

18. Four-quadrant gates with skirts would be cost-effective at
“4 0 many crossings w1th moderate to high tra1n and/or traffic
volumes.

Highway Traffic Signal. Highway traffic signals were field tested for
approximately four months at the Cedar Drive crossing in Knoxville. The
performance of the highway traffic signals was compared to that of the
standard flashing 1ight signals which had been in regular use-at the cross-
ing. The highWay traffic signals proved to be both feasible and effective as
a grgggucrossipgttraffic control device. Driver. response to the highway
traffit-giénalé Qas excellent, with the highway signals out-performing
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standard flashing light signals on key safety measures when both systems had

predictors installed.

 The highway traffic signal costs shown below do not include the cost of
predictors. If predictors are needed because of large variations in warning
times, the predictor cost would be added to the cost of the highway signals
or the flashing light signals. The specific conclusions for highway traffic

signals based on the field study results are summarized below:

1. Highway traffic signals with predictors substantially ain-
creased the safety of the crossing compared to the flashing
lTight signals with predictors.

2. Compared to standard flashing light signals with predictors,
highway traffic signals with predictors reduced the number of
crossings during signal activation at the test crossing from
335 crossings per 100 train arrivals to 73.

3. Compared to standard f]ash1ng light s1gna1s with predictors,
highway traffic signals with predictors significantly reduced
the number of vehicles crossing in the last 20 seconds before
train arrival (CL20s) from 78 per 100 train arrivals to 24.

4. Compared to standard flashing light signals with predictors,
highway traffic signals with predictors reduced the number of
~vehicles crossing in the last 10 seconds before train arrival
(CL10s) from 13 per 100 train arrivals to 5.

5. The highway traffic signal with predictors had the second
lowest number of violations. After the traffic signal turned
red, an average of 68 cars crossed per 100 train arrivals.
Only the four-quadrant gates with skirts performed better by
reducing the number of violations to O.

6. When a motor vehicle was at the crossing during signal
activation, a violation occurred 36 percent of the time (one
or more vehicles crossed for 36 out of ‘every 100 train
arrivals).

7. Highway traffic signals did not sighificant]y change drivers'
brake reaction times, maximum deceleration Tlevels, or speed
profiles at the test crossing.

8. Highway traffic signals at the test cross1ng appeared to be
well understood and respected by motorists. ,

9. During the entire time that highway traffic signals were
installed at the test crossing, there were no reported acci-
dents, confusion, diversions, or unnecessary delays to motor-
ists. .
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10.

11.-
12.
13.

14.

15:

16.

17.

18.

19.

While there was no evidence that the use of the highway
traffic signals at the Cedar Drive crossing diminished their
effectiveness at nearby highway intersections, some .individu-
als are concerned that widespread use of traffic signals at
grade crossings may potentially degrade compliance at highway

- intersections controlled by traffic signals. The research

staff does not beljeve that this will occur.

Highway traffic signals should not be used at crossings where
frequent equipment malfunctions occur and cannot be remedied,
or at crossings with highly var1ab1e warning times unless
predictors are installed. :

Highway traffic -signals have an inherent fail-safe mode in
that when there is an electrical malfunction or power outage,

all the signal lenses go blank. Drivers are automatically put
on alert by a blank signal head.

“Highway traffic signals are being used at several crossings in
"the United States, and their performance has been good.

Highway traffic signals should be seriously considered at
least for the following types of crossings:

a. Crossings in signalized areas."
b. Crossings with complex geometrics.

Railroads have the in-house expertise to install and operate
highway traffic s1gna15 however, installation and operation
can be performed as effectively and much more economically by
State or local highway agencies and/or private s1gna1 contrac-
tors.

Highway traffic signals can be installed at a passive crossing
for less cost than flashing 1light signals. Also, highway
traffic signals can be retrofitted economically to a crossing
with existing flashing light signals.

The cost to install new highway traffic signals at a simple
crossing, or to retrofit a crossing with flashing 1ight
signals, 1is estimated to be $11,200. Eighty-four percent of
these costs are equipment costs and 12 percent are labor costs
on the average.

The added maintenance cost of highway traffic signals, com-
pared to standard flashing light signals, fis approx1mate1y
$200 per year. The added operat1ng (power) cost is approxi-
mately $1,200 per year.

Highway traffic signals would be highly cost-effective even at
crossings with low and moderate train and traffic volumes.
Benefit-cost ratios up to 147.4 to 1 would be achieved for new
installations with high train and traffic volumes.
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20. . Highway traff1c signa]s should be tested at add1t1ona1 cross-
ing sites.under varying conditions and in different parts of
the country. Research is needed to evaluate the long term
performance of highway traffic s1gna15 -

21, Research should be undertaken to determ1ne 1f the: inherent
fail-safe mode of highway signals is sufficient for grade
crossing applications; if it is, backup power requirements can
be eliminated. : Ce N

Four-Quadrant Flashing Light Signals with 0verhead ﬁtrohes:\ Four-
quadrant flashing light signals with overhead strobes were fleld tested for
approximately i year at the Ebenezer Road crossing in Knoxvifle - This
crossing is character1zed by severe s1ght restrictions at the cross1ng
itself. The performance of the four- quadrant f]ash1ng ]1ght signa]s with
strobes was compared to that of the standard two quadrant f]ashing signals

which had been in regular use at the crossing.

Based on the‘teet_resu1ts; there Were no stgnificantldifferences in
driver response 1ead1ng to improved safety between the four-quadrant flashing
light signals with overhead strobes when compared to.standard flashing. l1ight
signals. However, the innovative system was found to be feasible and may
have some limited application. The specific conclusions'forrfour?quadrant

f]ashlng 11ght s1gnals with strobes are summar1zed below:

nll.“Four quadrant f]ash1ng light signals with. strobes offered -no.:
apparent safety or driver response advantages over standard
two-quadrant flashing signals at-the test cross1ng ‘

" 2. "Four-quadrant f]ash1ng 11ght s1gnals w1th strobes d1d not C e
significantly affect vehicles crossing, clearance times, C

... approach speed profiles, maximum deceleration levels, or brake: ::

_ ‘reaction times at the test crossing.

3. There were no reported accidents, confusion, or.motorist . -li:<:
diversion while the four- quadrant flashing 11ght s1gnals w1th b
strobes were installed. : o

4. The overhead strobes performed adequately throughout ‘the
-1-year test period. Their alignment was not critical to visi-.
bility, and their brightness did not "wash out" other traffic
control devices. They produced no known hypnotic effects on

 drivers. ‘ ' ‘ SRR T T
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5. Based on the research, four-quadrant flashing light signals
with strobes are generally not recommended as an enhancement
over standard two-quadrant flashing light signals.

6. Four-quadrant flashing light signals with strobes may be
considered for use at special problem crossings where visibil-
ity approaching the crossing is restricted; however, cantile-
ver s1gna15 may be a better or equa]]y effect1ve a1ternat1ve

7. Four- quadrant f]ash1ng light signals with strobes are easy to
retrofit to crossings with standard two-quadrant flashing
1lght s1gnals

,8.' The retrof1t 1nsta11at1on cost is approximately $19,200.
Almost 70 percent of this cost is labor, while 25 percent is
equ1pment cost.

9. The maintenance cost of four-quadrant flashing light signals
“ < with 'strobes is approximately $450 per year more than for
standard two-quadrant flashing light signals. Operating
(power) costs are about the same.

10. Because they require about twice as much power as standard
flashing light signals, four-quadrant flashing light signals
“with strobes would require additional battery capac1ty for the
same level.of fail- safe operation.

11. Further research or wide-scale implementation of four-quadrant
flashing light signals with strobes would not appear to.be
warranted.

Train Predictors. Train speeds at the Cedar Drive crossing, where the
highway traffic signals were field tested, were highly variable.  In order to
eliminate the vartab]e and sometimes long warning times resulting from these
variable train speeds, train predictors were installed at the crossing prior
to the installation of highway traffic signals. This provided the opportuni-
ty to evaluate the effects of train predictors and constant warning times on
crossing safety and driver response measures. Thus, as part of the field
studies, the effects of train predictors used with standard flashing light
signals were evaluated. The resuTting‘conclnsions are summarized below:

1. Train predictors reduced the average number of vehicles

. crossing the .tracks while the flashing lTight signals were
~activated from 1,086 crossings per 100 train arrivals to 335.

2. At the test crossing, the predictors reduced the number of
CL20s from 182 per 100 train arrivals to 78.
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3. At the test cross1ng, the predictors reduced the number of
CLIOS from 39 per 100 train arr1vals to 13.

4. At the test cross1ng, the 1nsta11at1on of train pred1ctors
reduced the average length of train warning time from 75.2
seconds to 41.7 seconds.

5. Predictors did not significantly affect speed profiles, brake
reaction times, or deceleration at the test crossing.

6. There have been no train-car accidents at the test crossing
since the predictors were installed. (The predictors are
still in use at the crossing.)

7. Predictors should be installed at active crossings which have
highly variable and long train warning times.

8. Research is needed to determine the optimal "constant"
warning time at crossings equipped with predictors.

9. Warrants/guidelines need to be developed for the use of
predictors.

Grade Crossing Safety Research. During the course of the research
project, much insight was gained into the requirements and difficulties
associated with testing new and different traffic control devices under field
conditions at actual grade crossings. The requirements and difficulties
referred to here are not related to the particular devices under study, but
rather involve the broad issues of contract negotjations, 1iability, insur-
ance, equipment procurement, and union labor to name a few. Summarized below
are the conclusions emanating from the research which concern these and other
peripheral areas of grade crossing research.

1. Standard contract agreements and procedures for conducting
research in the field at grade crossings that would be accept-
able to railroad companies need to be developed by the Federal

Highway Administration and the Federal Railroad Administra-
tion.

2. Standard indemnity and/or liability insurance requirements for
conducting research at grade crossings need to be established
by the Federal Highway Adm1n1strat1on and the Federal Railroad
Administration.

3. Once standard contract and liability issues are agreed upon, a

Jist of railroads willing to participate in research under the
standard agreements needs to be formulated.
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Unless the Federal Highway Administration and the Federal
Railroad Administration take the lead in working out the
problems with testing devices at crossings, there will be
little, if any, field testing conducted by organizations other
than the railroads or their trade associations.
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APPENDIX A
REVIEW OF PRECEDING PROJFCT RESEARCH

- The research activities of this long-term project have been-extensive.
Individual tasks addressed a large number of issues involving innovative
active warning devices for use at railroad-highway grade crossings. As |
tasks were completed, written documentation was prepared throughout the
duration of the project. This appendix briefly reviews major findings from

individual tasks that have been previously reported. *

Domestic and Foreign Research and Practices in Railroad-Highway Grade-
Crossing Safety

The ffrst reporting of activities on the project was a Jiterature-

rev1nw report titled Domestic and Foreign Research and Pract1ces _in _Rail-

road- H[ghway Grade Crossing Safety. (10) The areas addressed in this first

reportlwgre._ (1) studies re]ated to driver needs; (?) studies related to
signa]‘hardware, (3) stud1es re]ated to effectiveness of warning systems;
and (4) studiés and practjceJ in foreygn countries. Ninety abstracts,
selected from over 800‘references, contained major conclusions relateditq

the areés.cited above.

The report is a comprehensive summary of techniques and approaches
found in the Titerature and other sources that relate to the improvement of
safety at railroad-highway grade crossings and is directed primarily toward.
the use of 1nnovat1ve or nonstandard active warning devices. References -
conta1ned in the append1ces of the report address the entire spectrum of the
railroad- h1ghway grade crossing prob]oms for the bpnnf1r of those conduct1ng

research in related areas.

Sevéra] agencies throughouﬁ the worild were contactéd to secure refer-
ences bn railroad-highway grade rrc<sing safety ihprovoments In thevUnitgd{
States, a search was made of the Railroad Research Information Service _
(RRIS); the Highway Research Info:mat1pn Service (HRIS) ~the National Safetyi

Council materials, and the Northwestern University Transportation Library.
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In addition, the Departments of Transportation (or Highways) in each State
were contacted regarding.any reports or:projects related to innovative
active warning devices. Committee D, Highway Grade Crossing Warning Sys-
tems, .of the .Association of American Railroads.was also contacted for
information..

Qutside the United States,‘Jetters—requesting,informat1on.were sent to
officials:in Canada, Australia, -The Philippines, Japan, Austria, Belgium,
Denmark; France, Germany, Ireland, Italy, .The Netherlands, Swedeh and the~
United Kingdom. The Australian Road Research Board prov1ded a b1b11ograph1c

search.on..grade.crossings.

Reports and articles which could be obtained were reviewed, and a
summary was prepared for each report or article that was related to innova-
tive ‘active warning devices. The report contains a summary of 90 reviewed
articles ‘and/or reports that have'somelbearing on the overall kesearch."
project.” ‘Each brief summary firnishes the basic abstract, the major conclu-"
sions, and. the source from which the document might be obtained. The report
also contains a comprehensive bibliography of 803 references cn railroad-
highway gradé crossings, both-doméstic and foreign. The references were
included for use by researchers in the railroad-highway grade crbssing

safety area.

The Titerature review report documented that numerous approaches have
been: taken to ‘improve safety at railroad-highway grade crossings. These
approaches have been in the form of signs, signals, lighting, or other types
of devices that would appéar to better alert the motorist to a rai]road— '
HighWay‘gTade‘crbssing Unfortunately many of the terhn1ques used at
railroad-highway grade crossings have not been consistent with sound eng1-
neering or human factors concepts. In certain instances, these techniques
may have actually reduced rather than improved the level of safety. In
addition; very few formal evaluations have occurred where these téchniques
have beén ‘utilized. Many of the nonstandard techniques which have been
utilized have risen from the be11ef that the present warn1ng dev1ces do not

meet “the . needs of motorists.
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The report documented that automobiles and trains have changed substan-
tially over the years, while the present warning devices are essentially the
same as were developed at the beginning of the automobile age.” The early -
warning devices for motorists approaching railroad-highway grade crossings
took into account two human senses--seeing and hearing: At the time these
devices were developed, vehicles could not attain high rates of speed and -
were designed in such fashion that sound, could readily enter the passenger -
compartment. These characteristics applied to both cars’ and ‘trucks:: :
However, over time, great improvements have been made-in the speed capabili-
ties of automobiles and in the acoustics of their interior compartments,
thus making it difficult for sound to penetrate the body of the car and‘warn
a driver. Also, visibility in certain modern vehicles may be restrictive.
Truck and bus characteristics have also changed:’ These 'changes in charac-
teristics have not necessarily improved safety at railroad-highway grade “ -

crossings.

Motor vehicle speeds on the average, increased substantially over the'’
years, even though in more recent times the national maximum speed limit was
set at 55 mi/h. Also, train speeds have increased somewhat oVer’thé'years,
particularly on certain tracks and with passenger trains. There are contir-
ual efforts directed toward increasing the ‘speed capabilities of trains, ‘Aot

only in the Un1ted states but in fore1gn countr1es as well.

The changing characteristics of motor vehicles and trains have at times
reduced the effectiveness of warning devices. With- an increase in speed ™
(which normally requires greater sight distances) ar_1d-'t’he‘“1m’pr"mfe’merit"11"h‘:"""'"f
acoustics (which reduces the effectiveness of whistles or bells), there is’a
need for new and innovative devices that will add to or improve  safety at '~
rai1road-highway‘grade crossings. Arguments are that the devices developed
for the early automobiles which did not have acoustical improvements, had
lower speeds, and sometimes had greater v1s1b111ty are not adequate for

today's modern automob11es and trucks.

The literature review shows that numerous research reports art1c1es, v

and papers indicate that existing traffic control devices utilized at
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raj]r@ad-highway grade crossings do not "command" the obedience of drivers.
The obedience to these traffic control devices-is less than desirable, and
the devices are vﬁo]ated‘by,drivers who are familiar with the crossings
(repeat drivers). In addition, many drivers simply do not understand or
combrehend what is. expected of them when approaching a railroad-highway .
grade crossing, as is evidenced from various studies. - The performance of a
driver at a normal highway.intersection controlled by traffic devices is.
much‘better than that found at-railroad-highway grade crossings with traffic
control .devices, .either passive or active. Thus, there appears to be less
respect for traffic control devices at railroad-highway grade crossings than

for traffic control devices used in normal traffic operations..

... There has been much research related to warning lights, gate systems, -
train.detection equipment, interconnection and control subsystems, and
vehicle warning systems. Much of the research in the hardware area has been
directed toward reducing cost or improving the "attention-gettingness" of a

specific device. .

‘;Hllt would appear from the,1itefature review that there are no signifi~
cantﬁproblems with technology providing innovation in traffic control
systems for rallroad-highway grade crossings. Costs appear to be at-an
acceptable level, and the technological capabilities for the industry are
such degree that industry is able to provide the technical support which is
needed.. However, other reasons appear to impede changes in technological
improvements in tpaffic‘control devices. These relate to Tiability issues.
and other aspects .of major concern to the railroad industry. Some of the
past research indicated that these impediments are more of a perceived
nature .than of real -substance.

,.Research has been directed toward determining the effectiveness of
warning devices used at railroad-highway grade crossings. The literature in
this area again would indicate that the traffic control devices used at
railroad-highway grade crossings do not have the impact needed on the
traye]ing‘motorist, . Some would-argue that this is due to the ineffective-
ness of the traffic control devices, while others would argue that it is due
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T e b

to a lack of enfbrﬁemenf df trafffc lgﬁs Vhfchrépﬁ]yﬁatffhe‘Crstiﬁgsﬁ.=33
Whatever the reason, there is a need for improvements in traffic control
operations at gradefcrossjngs."SOme'of'the.1iterafureaindi¢atESvthat5it
~would be difficult to provide -enforcement at.levels which:would. have an: .=
impact on driver obedience to traffic control devices.’ :Some argue that it
is an educational problem on théﬁﬁart of the.drivers and-that drivers.do not
. understand and comprehend what is expected of thei at ‘a grade crossing.: "%
‘ R REICE RS K
A reasonable amount of work has been conducted-in foreign countvies
relative to safety at railroad-highway grade crossings: -Specifically; a* ~
review was made of reports from the United Kingdom, Canada,:Australia, " '’
Japan, and Europe.- .The practices- utilized at.railroad-highway' grade * ":
crossings in these countries are similar to those in the United:States,” i "
although there are some differences. As an example, full barrier gates are
used in some foreign countries as standard practice, but-notin theUnited
States. In addition, white and green lights are:used on-certain openw =}
crossings. There are large numbers:- of crossings with manually-opérated """
gates. .- o ' ' - LI
There is-a concern-in other countries, as well‘as in the United:States,
about improving safety at railroad-highway grade crossings:~:As.in the' ‘-
- United States, gates-are considered to be the-best .technique:presently:used
for‘safety. There :is a use  of supplemental signingrand\1ightiﬁgftowmaké‘the
open crossings with active warning-devices more conspicuous: -It-appears
that certain countries allocate far more resources to.safety-at:railroad=-:

highway grade crossings than other countries.

. A review of -the:literature indicates that numerous things can be:done"
.to improve the conspicuity of traffic control.devices psedhat*réilrdad‘ﬁrwﬁ
. highway grade crossings. However, these techniques are not-becoming wideTy
used in the industry. It also appears ‘there is a reluctance to:be “¥rnova<"
tive at grade crossings because of considerations-that are- related nétito "
hardware availability or cost, but to other factors. A lack of continual
improvement in safety at railroad-highway grade crossings may be die not to

technological aspects but ‘more to perceived legal “and’ other ¢onsiderations.
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Conceptualization and Subjective Evaluation of Innovat1ve Ra1lroad H1ghway
Crossing Active Harn1ng Devices - : ,

The second report from. the project, titled Conceptualization and -~

Subjective Evaluation of Innovative Railroad-Highway Crossing Active Warning

Devices, dealt with the identification of innovative active warning devices
.that could be implemented in the field: (54) The. research contract required
that eight innovative devices be conceptualized and subjectively evaluated.
Effectiveness, public acceptance, first cost, 1ife expectancy, power re-
~quirements,- and other device attributes were to be utilized in the.evalua-
tion process. From the eight innovative devices conceptualized and subjec-
tively evaluated, the most promising five candidates were to be selected for
extensive laboratory testing. (As will be seen, six devices rather than -

five were selected for laboratory testing.) -

-Several methods could have been-used to generate or conceptualize -
innovative railroad-highway grade crossing active warning devices. The:
précess.chosen”in‘this portion of the research was to select approximately
30 individuals representing railroad companies, signal manufacturers,
consu]tants, university researchers, and representatives of Federal and
State government, all with expertise in the rdilroad-highway grade crossing
safety area. These individuals were asked to'help generate new concepts.-
It. was:felt that by using a small group representing various segments of the
railroad-highway-grade-crossing safety field one could formalize the:think-
ing from various areas of -the field and bring to bear collectively many -

years of both- pract1ce and research experience in this: area.

“A 1-day workshop was held in Washington, D.C., bringing together these
indjviduals representing egwide variety of expertise in the rai]road-highway
grede~crossing-safety area. - During this all-day workshop, -numerous concepts
of railroad- h1ghway cross1ng active warning devices were verbalized and then
descr1bed 1n writing. In addition, these concepts were ranked by those: in

attendance to reduce the total number for final consideration.

After the 1-day workshop, mail que't10nna1res were ‘used to further

eva]uate the concepts generated at the workshop and to rank each concept in
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both absolute and relative terms. In addition, the criteria used for

evaluation of the new concepts were ranked in terms of their importance.

The candidates which were proposed for laboratory testing were not "pie
in the sky" ~ types of installations. They were pragmatic concepts which are
achievable from both technology and cost’ perspectives. - They also have a-
high probability of being accepted for widespread field use, provided they

are improvements over existing technology used in the field.

The final rankings of the eight innovative active warningvdevices are:
shown in table 38 and figure 60. Table 38 shows the absolute rankings while
figure 60 gives the reTative rankings of each alternative. From these e1ght
candidate devices, which were developed through the ranking procedures
ut1iizing representat1ves from various areas of the ra11road-h1ghway grade_“
crossing safety’f1e1d, active warning devices were selected for extensive
laboratory testing. The research team at the Transportation Center took the
results from table 38 and figure 60 ‘and deve]oped the conceptual systems
that were laboratory teésted.

It is interesting to note from figure 60 that the eight candidate
devices can be grouped into three broadly defined systems. One system can
be defined as short-arm gates used in all four quadrants. A}second system
can be defined as the use of standard highway traffic signals. The thifd
system can be defined as making improvements on ex1st1ng railroad f]ash1ng
light signals. By varying the characteristics of these three broad general
systems, one can develop six (rather than five) innovative active warning

systems for testing in a laboratory setting.

»nFour—Quadrent Short-Arm Gate System. Two a]ternatives-of a shertlarm
gate system used in all four quadrants were selected for testing in the
laboratory. An example of this concept is shown in ffgure 61. .As can be
seen, short-arm gates covered the entire roadway. Skirts were used on each
arm as is cemmon praetice in cerfain.EQropean countries. The -short-arm
gates were elevated slightly above the hood of a standard automobile,

236



Table 38. Results from the analysis of likert staling
of system alternatives (n = 24).

RPN Form II* - - , o ~_-Form JIII?
Average Rank Based - Average - . Rank Based
Likert " on Average Likert ~ on Average
System - Rating: ‘Likert Rating® - . :  Rating -~ - Likert Rating
1 3.83 . ‘ 2 4.04 . 2
2 3.46 5(T) 3.71 7
3 3.04 6 3.25 8
4. 3.46 - - 5(T) 4.00 3
5 3.61 , C4(T) . 3.83 6
6 3.71 ' 3 3.96 4
7. -4.08 - I 4.58" 17
8 3.61 () 3.92 5.

(1

= Much Worse; 2°= Worse; 3 = Equivalent; 4 = Better; 5 = Much Better.)

" 1AH systems were "compared w1th a standard gate w1th flashers

zAH systems were compared to a standard flasher system. w1thout gates.
3T indicates a tie in ranks.

" Brief System Description

, Aux111ary strobe 1ights added to complement ex1st1ng ra11road f1ash1ng
s1gnals w1th or without gates.

Standard h1ghway traff1c s1gna1 in conjunction w1th standard grade

‘crossing flashers or strobes, with standard flasher-gate systems, or ar

". combination of the above.

‘Standard highway traffic control device by itself.

An amber 1ight on continuously when there.is no train approaching or
occupying the crossing which changes to a red 11ght in conJunct1on with

- ‘other red lights when a train is detected.

Standard h1ghway traff1c control dev1ce used in conJunct1on w1th an
active -advance -warning signal.

Standard highway traffic device used in conJunct1on w1th an act1ve

advance changeable message sign.
Short-arm gates in all four quadrants.

"Second train" advisory.
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System Descriptions

Short-arm gates in all four quadrants

Standard highway traffic signal used in
conjunction with an active advance

warning sign.

Standard- highway traffic signal used in

conjunction with an active advance
changeable message sign.

Standard highway traffic signal used in
conjunction with standard grade crossing
flashers or strobes, with standard flasher-
gate systems, or a combination of the
above.

. An amber light on'tbntinuous1y when there

is no ‘train approaching or occupying the
crossing which changes to-a-red light in
conjunction with other red lights .when a

““train is detected.

_——

Auxilliary -strobe 1ights added to complete
existing railroad flashing signals with or
without gates.

"Second train" advisory signing.

Standard highway traffic signal used by
itself.

Figure 60. Resu1ts from thé‘aﬁa1ysis”of paired comparisons
‘of the system alternatives (n = 25).
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Figure 61. Proposed four-quadrant gate system (one'approaéh shown) .



incorporated wider arms, and used highly reflective material. Alternative A

chosen for 1aboratory testing had skirts, alternative B did not.

A delay funct1on was 1ncorporated into the control system to delay the‘
actuation of the far side gate arms for some 3 to 5 seconds. Th1s reduced

the poss1b111ty '6f 'a vehicle becom1ng trapped on the tracks with the gate

arms lowered.

Standard H1ghway Traffic S1gnal System. It is noticed from figure 60
_ that a standard h1ghway traffic control dev1ce when used by 1tse1f had the
Towest rank1ng of any of the eight candidate dev1ces evaluated. However 1f
one adds an act1ve advance warning sign or an active advance changeab]e o
message sign, th1s concept becomes second and third in 1mportance re]at1ue
to the four- quadrant short-arm gate system. A standard h1ghway traffic
signal used 1n'conJunct1on with standard grade crossing flashers or w1th
standard flasher oate systems ranked lower than when the standard h1ghway
traffic s1gna1 was used in conjunction with an active advance warn1ng or

changeable message sign.

The second conceptua] system proposed to be laboratory tested was
similar to that shown in figure 62. Preliminary laboratory test1ng resu]ted
in the two alternatives evaluated being with and without white bar strobes

in the red signal lenses.

Flashing Eijht*Signal System. It can also be seen from figure 60 that
three conceptua1 systems make use of flashing light signals present]y found
at railroad- h1ghway grade crossings. One of these concepts would be the use
of an amber 11ght that would be on continuously when no train was approach-
ing or occupy1ng the crossing but that would change to a red 11ght in
conjunction with the flashing light signals when a train was detected.
Another concept would be to add strobe 1ights to complement existing ra11—‘
road f]ash1ng.11ght signals to increase their conspicuity. The third
concept would {pcrudé the use of a "second train" advisory sign. The second |
train advisory’sign‘could include a word message or other types of warnfngs |
that would be easily learned and understood by the motorists.
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Figure 62. Proposed standard highway traffic signal with active advance
warning signs (one approach shown).



Figure 63 illustrates the type of system that would represent the third
concept to be tested in a laboratory setting. Two variations of improve-
ments upon existing flashing light signal installations shown in figure 63
were recommended for test1ng in the laboratory to enable an evaluation to be
made of these proposed 1mprovements Ir the laboratory testing, one alter-
nat1ve 1ncorporatedqoverhead strobe lights while the other alternative did
not. - ;j::}, .

Result1ng Systems By:zzho1n1ng spec1f1c ‘characteristics of the eight
candidate systems 1nto the three systems described and shown in figures 61
through 63, one can 1ncorporate six of the concepts that emanated from the
ev31Uat1on of the e1ght concepts shown in figure 60. The final results are
three- very distinct system concepts differing in basic characteristics and
costs that were laboratory tested. From the results of the laboratory
testing, these six concepts (composing‘three”systems) were reduced to three
concepts which were field tested. B -

EVen though theSe concepts proposed by individoe1s working in‘ihe‘rail-
road- h1ghway grade cross1ng safety .area -were somewhat pragmatic-in nature

some fundamental concepts are substantially d1fferent from active warn1ng
dev1ces presently used. ~The use of short-arm gates in a11 four quadrants is
a s1gn1f1cant departure from present practice 1n the- Un1ted States, although
not from practice in certa1n countries in- Europe In addition, the use of
Jtandard highway traffic signals at railroad-highway grade crossings is a
definfte move toward placing a railroad-highway grade crossing in the ‘same
category as a highwéy;intersection. This is a significant departure from
current practice. The improvements in existing railroad flashing light
signals, of course, are minor adjustments to current practice. While one
may view the systems . proposed tc be pragmaf1c .the concepts provide for a

fairly significant change in current ph11osophy and practice.

Evaluating the Effectiveness of Innovative Railroad-Highway Crossing Warning
Devices .

The third report from the project, titled Evaluating the Effectiveness

of _Innovative Railroad-Highway Crossing Warning Deyices, was concerned with
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Figure 63. Proposed improvemehts to existing f]ashinquightlsignalé (one approach sﬁown).



the current use of 1nnovat1ve devices at railroad-highway grade cross1ngs in
the Un1ted States and. whether the effect1veness could be determ1ned from

(55) In order to eva]uate 1nnovat1ve (nonstandard)

dev1ces in use.
ra11road h1ghway cross1ng warn1ng dev1ces wh1ch have been deve]oped and :
1nsta11ed in the Un1ted States it was necessary f1rst to ascerta1n where
such dev1ces had been or are, be1ng,»used Rea11z1ng that a comprehens1ve
before and -after study of any one site woqu be d1ff1cu1t to ach1eve and may
not. be mean1ngfu1 1t was felt that a large number of installations over
cons1derab1e exposure per1ods wou]d be required for a mean1ngfu1 stat1st1ca1
analysis. If such a group of installations were 1dent1f1ed before-and-
after acc1dent data could, perhaps be. poo]ed in such a way as to evaluate
,the acc1dent reduct1on potent1a1 of these dev1ces By site strat1f1cation
the effect1veness of spec1f1c dev1ces used at spec1f1c Tocations (urban vs.
‘rural, tangent vs. curved roadways _high vs Tow volume) then might be
determ1ned In this way, certa1n site character1st1cs could be 1dent1f1ed

__where a part1cu1ar treatment of system wou]d produce benef1ts

"The data for such an ana]ysis was taken from two sources--the Nat%ona]
Railroad-Highway Crossing Inventory(records and a survey of raiTroad'agen;
cies, companies, and State governments.

Nat1ona1 Inventory Spec1f1ca11y, an ana]ys1s of the 11st1ng of y
warning dev1ces for the nat1ona1 inventory indicated f1ve areas of ' nonstan-
dard" warning devices that are coded into the 1nventory It was felt that a
review of these codes for all cross1ngs might give some indication as to the
‘spec1f1cs of the type and location of innovative devices wh1ch are now

being, or have been, used. The five identified data,fre]ds were as follows:
e - Other stop signs (SS).
~ o Other s1gns (OSl 0S2).
‘; Other colored gates (0 Gate)
e Other flashing lights (OFLS).

. ‘Highway signals (SIG).
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A brief review of the summary data however, 'suggested'that the number
of cross1ngs with devices in one or more of these categor1es was substan-
tial. For examp]e, 1,059 cross1ngs "had "other s1gns and 7,632 crossings
had special wafning'deviées of ‘'some type. Due to the sheer volume of
crossings with nonstandard devices, less that the full data set was se]ected
for'analysfs Consequently, the Federal Railroad Administration (FRA)
furnished the Transportat1on Center with the most recent 1nventory files for
243 randomly- selected cross1ngs which had ent1res in at least one of the
appropriate fields as listed above. ¢ '

From a private effort made in 1981, the Transportat1on Center also had
access to inventory and accident history f11es for five crossings in Louisi-
ana. In addition, data from three cross1ngs in I11inois were received
separately from other sources. For each of these e1ght crossings, at least
two files were recéived, one reflecting the latest (or current) inventory,
and one reflecting the original inventory. For one Louisiana crossing three
files were received--the original, an update, and a second update (the

current record).

After analyzing the combined total of 251 crossing inventory-ffles;‘the
research team decided that the quality of the data available from the
natiohal‘inventory wou]d not permit the desired analysis. Too mény'aiscrep-
ancies were apparéht in the files to allow a meaningfu]hanalysis Spec1f1c
discrepancies were noted on such items as inventory updatés dates of

chérges, different incident records and inventory records, lights, and data.

" Major discrepancies were noted for the eight crossings for which more
than the latest (current) inventory data were available. Although no
similar analyses (field tests, etc.) were made for any of the 243 randomly
selected crossings, it is believed from numerous field experiences, that

these are not isolated instances.

One of the basic causes for these problems just discussed which hinder
rigid statistical analyses appears to lie in the method of inventory updat-
ing. Either the State or the railroad can initiate an update, but they are
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not required to update all items. Thus, only partial updates are available.
Even though the FRA receives 50,000 updates per year, many agencies are
providing few, if any, updates. While the national inventory may be useful
for providing an aggregate statistical summary of grade crossing informa-
tion, it has serious limitations on providing information for any detailed

statistical evaluations.

State. Responses to Written Inquiries. In order to survey the practices
of using innovative active crossing warning devices both inside and outside
the United States, letters requesting information were sent to highway
and/or railway officials in aj] 50 States, Puerto Rico, and five provinces
of Canada. Thirteen members of Committee D, Highway Grade Crossing Warning
Systems, of the Association of American Railroads received the letter as
well as representatives of the National Safety Council and the Railway
Progress Institute. Enclosed with each letter of inquiry was a brief
summary of the research project goals, objectives, and work plan. The
addressee was then asked for any available information (such as papefs,
reports, accident data, or other materials) dealing with the use of such
devices, their costs, requirements for fail-safeness, standby power require-
‘ments, maintenance requiréments and practices, and motorists' responses.
Also requested was information related to motorists' needs at railroad-

highway grade crossings.

‘Thirty written responses were obtained from the initial mailout, while
one additional response was received as a result of a follow-up inquiry.
Twenty-eight States responded, along with Puerto Rico, the Canadian province
of Ontario, the Canadian Northwest Territories, and the Southern Railway
System. Of the 31 responses, 21 indicated that the réspond1ng agency had
done no work in these areas. The'remainiﬁg 10 reported to a varying degree
devices installed or to be installed, but in geneka] were unable to provide

meaningful data relative to any evaluations.

The majority of the reported innovative devices fell into one of th
categories: (1) active advance warning devices; and (2) the use of strobe
lights. Reporting in this first group were the States of Florida, Maryland,
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‘Nebraska, Pennsylvania, and Texas, and the Province of Ontario. The sécond
group included Arizona, California, Florida, “I11inois, Nebraska, and New
York: 2 ' R

“The expected before-and-after analyses of pooled data to determine:the
effectiveness of innovative devices in use at crossings in the United States
could not be completed. The identification of such devices through the use

-of national inventory data is considered difficult at best, and such data
certainly do not lend themselves to any reasohable statistical analysis.
Furthermore, data received from State and agéhcy responses were not helpful
in" identifying any innovative devices where data of suff1c1ent quant1t1es

e}

were avallable for analyses. o e
‘ 1

Laboratory Specification and Testing of Alternative Active Railroad- H1ghway
Grade Crossing Warning Devices o

L

The fourth report from the research project, t1t1ed Laboratory Spec1-

f1cat1on and Testing of A]ternat1ve Active Railroad-Highway Grade.Crossing.

Warning Devices, outlined the specifications for laboratory testing the

alternative active railroad-highway grade crossing warning dev1ces.( ) The
repoht_did.not‘contain "results" of any of the research but simp]yuoutlined
the laboratory procedures to be used. During the laboratory testing, minor
changes were made in the testing procedure due to unforeseen circuhstances.
The:basic methodo]ogy employed in the laboratory testing involved the use of
32 subjects selected according to age and sex. These subjects operated an
~instrumented automobile at a target speed of 40 mi/h on a 1.5-mile section:
of a private two-lane roadway. As the subjects drove the research vehicle
a1ong th1s _roadway, the prototype active railroad-highway-grade crossing
‘wannlhg;dev1ces,were‘act1vated. . Driver response to these devices were

observed”and_recorded_with‘a computer. -

Investigation of the Effectiveness of Railroad-Highway Grade Crossing
Warning Devices

" The f1fth report of the research project, titled InVestiqatioh of the

*Effect1veness of Railroad- H1qhway Grade Cross1nq Warning Devices, detailed
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the influence certain factors had on device effectiveness, as measured by.
accident rates.(57) One segment of the report analyzed the influence on:
effectiveness of warning device type, suitability, and conformance to MUTCD
standards, and the other investigated characteristics of high and low.

accident rate observations.

The research confirmed other research results for the past several
years which indicate that there is a hierarchy of effectiveness in traffic
control devices at railroad-highway grade crossings. Gates were found to be

the most effective and passive.devices were the least effective.

From this part of the research project, a conclusion could not be drawn
that conformance ‘or nonconformance of warning systems.to MUTCD standards
significantly influence device effectiveness. Differences in accident: rates
could not be explained by differences in conformance. However, it should be
pointed out that in regard to the MUTCD standards, the nonconforming cross-
ings often deviate only marginally from the standards. Perhaps other . -
factors such as geometrics are more influential on accident rates than .
conformance to the MUTCD..

- It was anticipated that warning systems at locations judged to be-in
need of higher level traffic control devices (for example, passive devices
located where flashing light signals were apparently needed) would be less
effective than devices judged to be suitable for the conditions of their
locations. However, this was not found to be the case. The results suggest
‘that this analysis, based on Federal Highway Administration guidelines,
failed to assess device suitability accurately; however, it should be noted
.that sight distance, highway speed, number of trucks carrying hazardous
materials, number of school buses, number of pedestrians using a crossing,
and other variables could not be a part of the analysis in this research due
to a lack of data in this area. In addition, important factors such as
geometrics, visual clutter, and other environmental influences could not be

taken into account.
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It is interesting to note that in this analysis, high train speeds were
associated with low accident rates and low train speeds were associated with
high accident rates. This finding was consistent for all Warning device
categories considered individually and for all observations considered -as a
whole. Accidents did not vary linearly with train speed. . These results
suggest that driver behavior is influenced by train speed. Perhaps greater
caution is exercised at high train speed crossings and, due to perceptions
of risk, less care is taken at Jow train spééd locations.. Active traffic
control devices at railroad-highway grade crossings apparently do not always
. compensate for these attitudes and provide the level of safety needed."
Thus, it would appear in these instances that traffic control devices are

not meeting the needs of the motorists.

Low. accident rate observations tended to have high train . volumes and-

-~ high accident rate observations were associated with low train volumes.
‘These: 'trends were not absolute, but the tendencies were distinct. -‘Accidents
'did not vary linearly with train volume. The results suggest that driver:
perceptions.of hazards are influenced by the frequency of train arrivals and
that these perceptions in turn influence safetyf There -are apparently
certain situations where the traffic control devices are not effective in-
overcoming the influence of these perceptions. Thus, it would appear in
certain circumstances that the traffic control devices in place 'at railroad-

highway grade crossings are not meeting the needs of the motorists.

The extensive use of information from the National Grade Crossing
Inventory reveals some limitations in that data base. These Timitations
were-generally concerned with either the accuracy or the completeness of the
available information. In terms of completeness, information such as
highway ‘speeds and sight distances as well as an accounting for each of the
two highway approaches would have aided the analysis. Additional informa-
tion should be added to the Inventory if a complete and thorough analysis is

to be performed on the safety performance of crossings.

The National Grade Crossing Inventory contained information that had

not been updated since the initiation of the data file. Therefore, certain
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characteristics of the crossing, including such things as-highway traffic
vo1umes and type of device in place, nere not accurate. This was a]so in
evidence from the fact that some of the acc1dent/1nc1dent report1ng files
did not conta1n the same data for the cross1ng that the 1nventory records
conta1ned In add1t1on when an inventory update does occur, it is not
possible to ascertain all of the characteristics of the cross1ng that were
examined for the update. A periodic updating of the National Grade Crossing
Inventory should be established. This updating should include all operating
characteristics of the railroad-highway grade crossings. ‘In addition,

. whenever traffic control devices are changed at a given crossing, an update
should be made immediately thereafter. There is also a need to list the
specific date of the change associated with each characteristic of the

crossing.
Development of Innovative Railroad-Highway Active Warning Devices

* The sixth report is a paper prepared for presentaticn titTed "Develop-

ment -of Innovative Railroad-Highway Active Warning Devites“f(ss) "This paper

. was presented at the 1982 National Rail-Highway Crossing Safety Conference

held in Kansas City and was published in the proceedings of the conference.
This paper reviews the activities of the project from its beginning through
the installation of ‘the active warning devices in the- laboratory testing

phase. The results reported in the paper will not be repeated here as they
are contained in other portions of this review of previous research prOJect

‘activities.

Laboratory Evaluation of Six Active Warning Dev1ces for Use at Ra1lroad—
Highway Grade Crossings . -

The seventh report from the project, titled Laboratory Evaluation of

Six Active Warning Devices for Use at Railroad-Highway Grade Crossings,
(59)

contained the results from the laboratory testing. The six active ..

warning devices chosen for laboratory testing were:
e Four-quadrant gate system (without sk1rts)

) Four- quadrant gate system (with sk1rts)
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) Four-quadrant flashing light signal system (without'strobes).

0 Four-quadrant flashing light signal system (with overhead
strobes).

] Highway traffic signal system (wﬁtﬁ one white bar strobe).

. Highway traffic signal system (with three white bar strobes),

The testing of these six active warning.devices was conducted on a
private two-lane roadway at the McGhee-Tyson. . Air National Guard Base near
the main Knoxville airport. This test faciljty provided a good combination
of road geometry, vehicle control, security,.and accessibility.

Thirty-two test subjects were chosen to participate in the laboratory
testing. The test subjects were equally divided between those under 25
years of age and those over 60 years of age, and each of these groups was
further divided into an equal number of males and females. By selecting
subjects in these two age groups, it was anticipated that the two extremes
of the driving population would be included and that the remaining portion
of the population would not exhibit worse driving characteristics than .those
‘of the test subjects.

. A special instrumented vehicle was used to measure each subject's
response to the activation of the six warning devices. The automobile was
equipped with sensors on both the accelerator and brake pedals. A change in
the status of either pedal caused a signal to be sent to a small DEC LS1-11
computer in the vehicle's trunk. A fifth wheel was used to record distances
along the roadway. This instrumentation permitted the travel time and the
position of both the brake aﬁd accelerator pedals to be recorded for each

linear foot along the test course.

Upon arrival at the test site, each test subject completed both a
biographical data form requesting information on the subject's driving
experience, accident record, personal health, and other attributes, and a
short entrance examination to determine the subject's knowledge of traffic
control devices used at railroad-highway grade crossings. In addition, each
subject's simple reaction time was measured using the American Automobile
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Assoc1at10n portable model for reaction ‘time test1ng, and each subJect S
vision was checked using the Titmus Professional Vision Tester Results
from these tests gave an indication of any serious reaction or visual

. deficiencies in any of the subject population.

After completing the driving portion of the laboratory testing, a brief
exit survey, using semantic differential scaling and Thurstone's method of
paired comparisons, was used to determine attitudinal responses to the
effectiveness of each of the :six prototype active warning devices. This
survey was given after each test subject had finished all of the driving
tests. Results of these procedures provided both abso]ute and re]ative
rankings of the effectiveness of each device as perce1ved by the test
subjects. Attitudinal responses were obtained for both day and night
driving conditions.

The basic experimehta] design utilized three of the active warning
devices for a given driving experience. Each test subject would drive a
1.5-mile course and would encounter three different active‘warnfng devices.
Each device could be activated from either a short, medium, or long distance
upon the approach of a test subject. In addition, the null condition was
also contained in the experiment in which the active‘warnfng device would
not activate upon approach by a test subject. Each test subject also
negotiated this course during both day and night and was required to do two
replications of each variable combination. Thus, 96 encounters with active
warning devices were made by each test subject (6 [six active warning '
devices] x 4 [actuation distances--short, medium, long, null] x 2 [day,
night] x 2 [replications] = 96). Using an analysis of variancev(ANOVA)
statistical technique evaluations were made to determine the following:

' Differences in the effectiveness of each of the six active
’ warning devices. :

o Differences in the effectiveness of each of the three basic
system concepts of four-quadrant gates, flashing 1ight
signals, and highway traffic signals.

o Differences in the effectiveness of each of the six -active

warning devices and each of the three basic systems for
short, medium, and long distances of actuation.
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..o Differences in the effectiveness of each of the six active
) " warning devices and each of the three bas1c systems under day
and night driving conditions.

A large combination of factors and a variety of conditions were used to
evaluate the effectiveness of the six individual active warning devices as
well as.the_effectiveness of the three basic .systems of active warning

devices. - . . = s

¥
Some of the more important conclusions derived from. the analysis of the

data obtained in the laboratory testing were::

"o A1l six innovative active warnindﬁdevices were perceived by
: the test subjects to be superior to standard active ‘warning
- devices currently in use at railroad-highway grade crossings.

e Four-quadrant gates (with skirts) were always perceived by
the test subjects to be the most effective on both an abso-
lTute and relative rank1ng for both day and night dr1v1ng
conditions.

e Flashing 1light signals (without strobes) were always per-

: ceived by the test subjects to be the least effective on both

an absolute and relative ranking basis for both day and night
cond1t1ons

N For short and medium actuation distances, four-quadrant gates

~ (with skirts) resulted in quicker brake reaction times than
either highway traffic signals or four-quadrant flashing
1light signals. :

° For - short, medium, 1long, and null actuation distances,
highway traffic signals resulted in slower brake reaction
times than did the other two systems.

~ o For short actuation distances, there were no differences in
- deceleration rates for any of the six active warning devices.

e There were no significant differences in brake reaction times

*  or maximum deceleration between day and night conditions . for
short actuation distances, but there were differences for
medium and long actuation distances.

e Four-quadrant gates (with skirts) tended to be .a superior
system in all categories of analysis.’ :

o Generally speaking, Alternative B of each -system (with

skirts, with overhead strobes, and with three white bar
strobes) was more effective. -
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o The effectiveness of four-quadrant flashing light signals and .
highway traffic signals tended to alternate relative to one
another .depending upon a given category of analysis--there -
was not a consistent ordering of effect1veness between these
two systems.

‘Experimental Plan for‘Field Testing Three Active Harhing Devices'for'Use at
Railroad-Highway Grade Crossings

The eighth report, titled Experimental Plan for Field Testing Three

Active Warning Devices for Use at Railroad-Highway Grade Crossings, was

60)

This report outlined the experimental plan and the measurements of effec-

prepared to guide the field testing of three active warning devices.(

tiveness that were to be used at the three crossings. Results from the task
are not a part of this report. The results of the field testing are con-

tained elsewhere in this presentation.

Evaluation of Six Active Warning Devices for Use at Railroad-Highway Grade
Crossings .

The ninth repcrt from the research project, titled "Evaluation of Six

" was a

Active Warning Devices for Use at Railroad-Highway Grade Crossings,
paper prepared for an annual Transportation Research Board meeting.(Gl) The
material in the paper was taken from internal reporting prepared on the
laboratory testing phase of the project. The paper covered the laboratory
testing and evaluation; the findings will not be repeated here as they were

discussed in the paper.

Motorists' Understanding of Active Warning Devices Used at Railroad-Highway
Grade Crossings

The tenth report from the project, titled "Motorists' Undeksfanding of
Active Warning Devices Used at Railroad- Highway Grade Croésings I"‘dealt with
a measurement of motorists' understand1ng of active warn1ng devices used at
railroad-highway grade crossings. (4) This short report was published 1n the
iIE_Qournal in April 1984. To test motorists’ know]edge of driver require-

ments at ra11road-h1ghway grade crossings, a short examination was deve]oped
and administered to 32 test subjects. The test subjects were equally
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divided between ma]es and females, and each group was further divided into
an equa] number of younger (than 25) and older (over 60) subJects " The
younger subJects had been dr1v1ng an average of four years and the older
subjects an ‘average of 46 years. In both age ‘groups, ma]es drove almost
twice as many miles per year as their female counterparts‘ The average
_’educat1ona1 level for each of the four groups was similar; however -individ-
;uals within the groups ranged from those who ‘did ‘not complete high schoo] to
college graduates.

- Surprisingly, younger. and-less experienced drivers scored about 10
percent higher on the knowledge examination than did the older subjects. : Of
the. 14 questions, only 4 -subjects (12%) answered as many as-11 correctly; 22

- (69%) answered 9 or 10 correctly, and 6 (19%):answered 8 or fewer correctly.

A1l six of the .lower scores were .in the olderiage groups. When asked to -
jdentify those sources from which they recalled specific instruction con-
cerning driving safety at railroad-highway grade crossings, 19 subjects
.(59%) checked-a-State driver's handbook; 13 (41%) checked a driver's educa-
tion course; 9 (28%) checked some type of safety campaign; and 6 (19%) did
not recall any 1nstruct1ons at all. These six were even1y divided between

the two age groups however on]y two of the Six had 1ow test scores.

When asked what they should do when approach1ng a crossing that does
not ‘have a ra11road s1gna1 on]y 5 subJects (164) chose the correct re-'
‘sponse-=-be ready to stop if you see or hear a train. The rema1nder of the
' subjects (84%) thought'you should stop, look, and Tisten at the crossing for

a train.

% When asked the meaning of the Railroad Advance Warning“sjgn;‘ZQ supf”
jects (91%) selected the correct response--there is a crossing ahead of‘you
‘lhe other 3 subJects (97) selected "you w111 have to stop at. the crossing

:as the proper mean1ng When asked which of the f1ve s1gns was located
!‘:several hundred feet in advance of a railroad crossing, 20 subJects (63%)
"jselected the proper response-—the ra11road advance warning sign, .3 (9%)
‘ﬁ_selected the crossbuck sign; and.9 (28%) se]ected a diamond- shape s1gn w1th
Lvthe word message “Ra11road Cross1ng ‘When asked which of the signs was
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located just at the point where the railroad tracks cross the highway, 23
subjects (727)Vse1ected the correct response--the crossbuck sign"5 (16%)
selected the railroad advance warning s1gn and 4 (12%) selected the, o
diamondshaped sign. When asked about the standard mark1ngs pa1nted on the
pavement in advance of some railroad cross1ngs 24 subjects (75%) se1ected
the RXR, 4 (13%) se]ected the X by 1t<e1f 1 (3%) selected the RR and 3
(97) selected "do not know" as their answer.

‘When‘shown a standard railroad f]ashingdlight signal and asked what
does it mean when th1s s1gna1 is flashing, all 32 subjects (100%) chose the
correct answer--a traif is coming; however, when asked what they should do
when this s1gna1 is f]ash1ng, only 4 subjects (12%) chose the correct .
answer--stop my vehicle and proceed over the cross1ng if a train is not . |
near. The other 28 subjects (88%) chose "Stop my vehicle and wait until the
flashing stops before proceeding over the crossing.":. Four subjects (12%)
thought that flashing Tight signals appeared at all crossings, and-only 16
(50%) knew that it generally takes from 20 to 60 seconds for a train to
reach the crossing after the signal had begun to flash (20 seconds is the
minimum requirement). One subject (3%) thought it was Tess than 20  seconds;
7 (22%)Jthought it was more than 60 seconds; and 8 (25%) did not know.

When asked what they should do when the gates at a crossing are down,
31 subjects (97%) selected the correct answer--stop and remain stopped until
the gate arms are raised. The remaining subject (3%) said he would stop and

then proceed around the gates if no train was coming.

When asked what additional traffic-related measures they would 1ike to
see taken in order to improve safety at railroad-highway grade crossings, 10
subjects (31%) thought the present system was satisfactory; 10 (31%) thought
flashing 1ight signals or gates should be provided at all crossings; .4 (13%)
thought more advance warning signs, flashing lights, automatic gates, etc.,
were needed; 3 (9%) thought better visibility of warning devices and -
oncoming trains were needed; 2 (7%)‘£hought consistent behavior at all
crossings was needed; and 3 (9%) thougnt a higher level (more restrictive)

warning device was needed, especially near rural schools.
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N It appears that a number of motorists do nofffuT]y comprehend fhe
meahfng’of traffic control devices at rai]road-hﬁéhwayugrade crossings. In
certain:§1tuations the percentage of motorists Who misunderstand‘is small,
but the sever1ty of tra1n automob11e collisions 1s such that on]y a sma]]
fractlon of the dr1v1ng pub11c making improper decisions can lead to death
and serious injury. Therefore it becomes very important to have high
performance traffic control devices at rai]road-ﬁ%ghway‘grade crossings and
to educate the motorists on the proper dr1v1ng behav1or at these Tlocations.
Thus, the three Es of trafflc eng1neer1ng (engineerlng, education, and

enforcement) are even more 1mportant at ra11road h1ghway grade cr0551ngs

Facilitating Field Evaluation of New Trafflc Contro] Dev1ces for Rallroad—
Highway Grade Crossings

The eleventh report, a paper titled "Facilitating Field Evaluation of

" was

New Traffic .Control Devices for Railroad-Highway Grade Crossings,
presented at the 1985 National Conference on Highray-Rai1‘Safety in Kansas
City, Missouri, and was included in the published proceedings of the confer-
ence.(62) The paper dealt with the issues involved in securing crossings to
be used for field testing of the innovative devices developed in fhe bro-
ject. A substantial amount of time had been spent in locating suitable
field sites and securing perm1ss1on to use those cross1ngs for f1e1d eva]ua-'

‘tions of the new devices.

Many illustrations were given to point to the need of reexamining the
wéy in which field testing might be pursued for traffic control devices used
in railroad-highway crossings in the future. A repeat of the procedures
used in this project to secure sites for field testing of traffic control
devices simply adds substantially to the cost of cohducting'the research as
well as creating substantial time delays. There can be a much better
approach to the manner in which permission for the use of crossings can be
secured for field evaluations. Without an improvement in the ability of a
contractor to secure crossings for use in field evaluations, the cost to the
sponsoring agency will continue to be far more than it should be. The

additional funds required for the long duration of contract negotiations do
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not provide any productivity gains in safety, nor do they contribute to
anything of material valGe other than being able to complete the project.:
‘"It is a waste of resourc&s for which 1ittle return can be.identified. '~
There is a way in which future projects requiring field evaluations can
be implemented more readily without the undue costs- that have been associat-
ed with this project. -Ftbis proposed that the Association-of American-::
Railroads (AAR), in coopération with the U.S.:Department of-Transportation,
make formal contact with various railroad companies that would be-interested
in participating in resedrch, particularly in field evaluations. “For those
companies that would be dgreeable to having their crossings considered: for
use in research projects,-a model agreement should be developed which:would
incorporate standard proVisions that would be readily agreed to by any-
railroad company wanting“to participate in a research project.  This -model
agreement would be similar to model labor agreements which have been estab-
. lished at the national level for various 1abor organ1zat1ons AAR and the
U.S. Department of Transportation should forma11ze this agreement in such
fash1on that 1f a contractor for U.S. the Department of Transportat1on has
to use cross1ngs in research the contractor can qu1ck1y reach an agreement
by meet1ng the cond1t1onsvof the mode] agreement ) The mode] agreement lm’
should be worked out so that no add1tiona1 negot1at1ons wou]d be requ1red
A ra11road company that has part1c1pated in the mode] agreement wou]d V'
approve an agreement upon cert1f1cat1on that the 1tems 1n the agreement have

been met

fn-addition it appears that it may be very 1neff1c1ent and more cost]y
for each contractor individually to secure insurance for use in f1e1d o
evaluations at railroad-highway grade crossings. Since the U.S. Department
of Transportation, in actuality, will pay for the premiums of the insurance
that is obtained for research projects, it would appear to be more cost-ef-
fective for the U S. Department of Transportat1on to work out an agreement
with one or more insurance carriers to provide the 1nsurance | Most 11ke1y,
the Federal government can obtain a more favorab]e prem1um cost than can‘
independent contractors. In addition, the Federal government could take
bids on the cost of premiums for provisions required in the model agreement,
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‘ Cty ‘
and the insurance would become effective only when:-a model agreement was
executed. By grouping projects, insurance premiums could be less than when
individually purchased.

. G
, It must be rea]ized ,that negot1at1ons for the:use of crossings in
research require an inordinate amount of time andi;money. There are few, if
any, incentives for a railroad company to expedite. an agreement. The
individuals given responsibility for negotiations on the part of the ra11-
road companies are not the ones who are working with safety on a day-to-day
basis, and their interests lie in other‘areas‘sugh as liability, equipment
damage and other. potential costs to the railroad. .Unless a new approach is
taken to working out agreements, similar tine.de]ays and. costs associated
withmthis‘project will be encountered on a117futyre projects.

. . , . Tl
Innovative .Railroad-Highway Crossings Active Warning Devices--Status Report

on Installation and Field Testing o

The twe1fth report t1t1ed Innovat1ve Ra11road H1qhway Crossings Active

Warn1ng_Dev1ces--Status Report on Insta11at1on and F1e1d Testing, was

prepared in May 1986 on the status of the 1nsta11at1on and field testing of
the railroad- h1ghway crossing active warning dev1ces at the three cross1ngs
1n the Knoxville area. (6 ) The report dea]t w1th the installation of the

| traff1c control devices as well as the data co11ect1on system This report
provided the reader a view of the installations found in the field. The
information contained in the report is descr1bed as a part of the field

evaluation d1scuss1on 1n this report.
Summary
As one can see, a substant1a1 amount of research resu]ts has been

reperted . The mater1a1 presented here prov1des on]y a br1ef overv1ew of the

mater1a1 conta1ned in the 12 reports
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APPENDIX B

PROJECT DESCRIPTION AND COST ESTIMATE WORKSHEETS

LR

ikt

PROJECT DESCRIPTION
General

- . 2 - : C
Upgrade existing tWo-quadrant gates with flashing light signals
to four-quadrant gates with flashing light signals.

Existing Conditions’

1. ~ single mainline “"t¥ack crossing a two-lane .(24—foét)furoadway
without shoulders. . .

2. ‘Standard two-quadrant gates with flashing iight:signais in place.
Train detection ciY¥cuitry, underground conduit, controller and
power supply system (i.e., batteries) are also in place to support

existing two-guadrdnt system.

Proposed Modifications

e

1. Remove backlights from existing flashing light signal assemblies.
2. Install additional conduit to connect. four quadrants.
3. Install 13-1/2' x 5" masts, flashing 1light signals (12-inch

roundels), gdte mechanisms, gates (26-foot) and crossbuck signs in

4. Modify existing controller to accomodate two additional
gate/flashing light ™ signal installations; install delay relay to
stagger operation of farside gates.

Vi
Assumptions

1. Do not include the cost of installing/removing advance warning
signs or pavement markings.

2. Assume that the existing conduit has excess capacity - to handle

~additional wiring.

3. Use your own material and labor costs. (Some supplemental cost

" 'data are provided on the attached sheet, but we prefer that vou
use your own data if available.)

AR AN

: . .
77,7 A T
\
; v
\
I | R

Existing installation. Proposed installation.

Figure 64. Two- and four-quadrant gates with flashing 1ight signals.
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E G
400

COST ESTIMATE WORK SHEET

MATERIALS
Description Quantity  Unit Cost Total
. . N 5 . .
Conduit ‘ 13y
Wiring -

Pole Foundations

13-1/2 Foot Masts

Flashing Light Signals

Mechanisms with Panarms RIsRd
and Counterweights

26=-Foot Gate Arms

Crossbuck Signs

Delay Relay

Other L

*»] D]

Ll 28] LS N
5

TOTAL MATERIALS: $ .

*Use back 1ights'from existing installation

BEQUIPMENT (WORK VEHICLES, ETC.) ‘ e

TOTAL EQUIPMENT: . $ .
LABOR

TOTAL LABOR: $
OTHER/MISCELLANEOUS

TOTAL OTHER: $

TOTAL PROJECT COST: $
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PROJECT DESCRIPTION
General

Upgrade existing two-quadrant flashing light signals

¢« . to four-quadrant flashing 'light signals with' overhead strobe
lights

Existing Conditions___ .. N

1. ' single mainline. track cfossing a two-lane (24-foot) roadway

without shouldérs. ' - : C '

2. sStandard fwoé&ﬂgarant flashing light ' signals - in place. Train

detection circuitry, underground conduit, controller and power

~supply system _(i.e., batteries) are also in' place to support

existing two-quadrant flashing light signal system.

Proposed Modifications

1. Remove backlights from existing flashing light signal assemblies.

2. Install additiéfal conduit to connect four quadrants.

3. Install 13-1/2' x 5" masts, - flashing ‘lith'-signaisw (12-inch
roundels), and crossbuck signs in two empty quadrants.

4, Install pole extenders and span wire; suspend two strobe light
‘units per approach. . . . - -

5. Modify existing.controller to accomodate two additional. flashing

light signal installations. Install two strobe power supply units
in existing controller cabinet; .connect strobes - into existing
power (battery) system. :

Assumptions

1. Do not include the cost of installing/removing advance warning
signs or pavement markings. -
2. Assume that th;mexisting cenduit has excess capacity to handle
. additional wiring. ‘ [P s
3. .Use your own material and labor costs. (Some supplemental cost
data are provided on the attached sheet, but we prefer that you
use your data.if.available.). S : .-
Existing installation. Propocsed installation.
Figure 65. Two- and four-quadrant flashing light signals.
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COST ESTIMATE WORK SHEET

MATERIALS

Description
Conduit

Wiring

Pole Foundations
13-1/2. Foot Masts i
Flashing Light Signals
Crossbuck Signs

_Pole Extenders
. Span Wire .

EQUIPMENT (WORK.VEHICLES, ETC.) S '

Strobe Lights ,
Strobe Power Supplies
Other '

Quantity Unit Cost
7 -
- 2 = 3al
* s X
2 ————————————
4 . SAIET s
, 'rrﬁ"
4 3
1‘ . R o
‘TOTAL MATERIALS:;. $

Total

*Use back lights from existing installation.

ran
TOTAL EQUIPMENT: $
LABOR
Y g
TOTAL LABOR: $
OTHER/MISCELLANEOUS
. K y - :f-:_
TOTAL OTHER: S

TOTAL PROJECT COST: $

P
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PROJECT DESCRIPTION
General
Install fixed-time highway traffic signal with solid-state
controller; install "SIGNAL AHEAD" advance warning signs with
flashing lights.

Existing Conditions

1. Single mainline track crossing a two-lane (24-foot) roadway without
shoulders.

E SR ‘ . Lo T

2. Train detection circuitry and train detector controller 1is in
place. Commercial power is_ available 100 feet from~ cr0551ng and
approx1mately 100 feet from the advance sign locations..

Proposed Work T

1. 'Install two galvinjzed steel poles/mast arms, i.e. -oneper travel
direction, hang one three-section head® from each mast arm and mount

2. Install necessari:gonduit, pullboxes and wiring. -
3. Install solid-state controller and pole-mounted controller cabinet.
4. Provide commercial power hook-up to highway traffic signal.

5. Install a "SIGNAL AHEAD" advance warning sign with flashing lights
on both approaches to the crossing; provide commercial power
hook-up for the flashing lights. (Assume that the flashing lights
will operate continuously and will not be ‘inté&rconnected with the
highway traffic signal.)

Assumptions e

1. Do not include the cost of installing/removing advance warning
signs or pavement markings, other than the "SIGNAL AHEAD" advance
warning signs. I

2. Use your own material and labor costs. (Some supplemental cost data
are provided on the attached sheet, but we prefer that you use your
data if available.)

Proposed 1nstallation

i

Figure 66. H1ghway traffic signal,
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COST ESTIMATE WORK

‘MATERIALS

Description

Conduit -
Wiring .
Pullboxes

Pole Foundations

Steel Pole/Mast Arms
3-Section Signal Heads
Solid-state Controller

Controller Cabinet/Post -

MRS

SHEET

I

SIGNAL AHEAD Signs
Sign Posts

Flashing Sign Lights

Other

.

'EQUIPMENT (WORK VERICLES, ETC.).

Total

Quantity Unit Cost
. e} .
Le
F R
2
2
4
1 10k
1 EIe
N 2 ot
2
. 2 sets 2
G2
TOTAL MATERIALS:  §

TOTAL EQUIPMENT: .:;. -

OTHER/MISCELLANEOUS

TOTAL - LABOR: = ....' §

TOTAL OTHER: $

TOTAL PROJECT COST: $

oLt
=
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