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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 strobesp 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 signalsp they were higher than intersection use and 
are a cause for general concern. No traffic signal violation problemsp 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 officep 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 Fort Royal Road, Springfieldp Virginia 22161. 

?q~ 
R. J. Betsold 
Directorp 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 authorp 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 does not endorse products or manufacturers. Trade 
or manufacturers 1 names appear herein only because they are considered essential 
to the object of this document. 
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I. INTRODUc'iroN 

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, respectively_(l) Much of 

this safety improvement may be attributed to the availability of Federal funds 

for grade crossing improvement projects.< 2) The m~jority of the Fed~ral 

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 light signals.< 3) 

Even with these improvements, over 50 percent of all car-train accidents 

in 1986 occurred at crossings with active warning devices.< 3) 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 

cross·ings, 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 years; 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 

1 



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 fi~ld 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 performance 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 device~ were 
evaluated. 

This report documents the field evaluations and present~ 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 perfor'mance 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 ~f 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 guidelines 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. 

2 



II. REVIEW OF RELEVANT LITERATURE 

At railroad-highway grade· crossings, the warning system should prov-ide 

appropriate, timel~ information in order t~'enabl~ drivers to make si~ple 

decisions about whether or· not 'it is safe· to proceed over the crossing.· :If 

thefr "informat'-ional 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• :1 i kely to re su 1 t. - Ori ver -needs at 

railroad-hi~hway grade crossi~g~ can be·brok~nidown .int6 three basic areas: 

• Appr6aching the ~~bssing. 

• Within the critical stopping distance zone. 

1 Crossing the tracks: 

When approaching the crossing, drivers need to be made aware of the 

crossing's presence. This_ can be accomplished by adyance wa.rning. signs, by. 

pavement markings, and sometimes by visual observation of either the crossing 

or the train itself. At some point when approaching the crossing, drivers 

reach a critical point where a dec:ision must be made·-to stop· Ha train' is 

approathing, 6r to proc~ed if orie i~ ntit. The drivers 1 ~eed at this ~oi~t is 

to be· able to see either the· train or ail''.active warn-ing device far en·ough · 

away from the crossing to react and stop safely. 

When actua~ly croisi~g :the tracksi drivet ~eeds are different depending· 

upon whether passfve or active warning -devices are present. At passive. 

crossfog·s, drivers· need to be able to see far enough down the tracks to 

det'ermine- 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 

messag~ be ~aintained: 

· In' summary, driver informational rieeds at railroad-highway grade cross­

ings are that the warning system and/or train be highly visible"and that 

condi~ions at the track itself be accurately represented. Drive~ perfor~ance 

measures are a means of assess'ing the adequacy of the warning system in 

meeting the drivers' needs. The challenge of using driver performance 
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m~asure~ 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 

sigrialized highway intersections as highway traffic signals a~~ one of the 

candidate devices for laboratory and field evaluation. The discussion will 

fricus on active warning devices as they are the subject of this res~arch. 

Warning Devices for Use at Grade Crossings 

There are two basic types of warning devices for use at railroad­

highway grade crossings, i.e., passive devices and active devices; .Passive 

devices, including signs and pavement markingsi provide static warhing of a 

grade crossing. Active devices warn drivers of the app~oach or pr~~ence of a 

train. Two types of active warning systems are in common use, i.e., flashing 

light signals and flashing light signals with automatic gates.· Both of these 

systems combine passive signs and pavement markings with active warning 

devic~s to warn and regulate traffic at rail~oad-highway grade cros.sings. 

Historical Develop~ent. One of the earliest active warning devices used 

in this couritry, shown in figure 1, was a signalman on hors~back preceding 

the train, waving a flag, and shouting 11 a train is coming 11 to warn people 

away from the tracks.CG) From this evolved the practice of a signalman 

standing at the crossing and waving a red flag or paddle 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 11 wig-wag 11 which simulated the action of a signalman waving his flag or 

lantern.Cl) During the next few years, several types of flashing device 

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

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.CB) Basically, the unit consisted of two alternately-flashing 

4 



ATRAIN IS COMING· 
IN THI: eARLY DAYS. SOHt LOCAllTlf5 

·P.fQUIRf-0 A. SlliNALHAN ON HOR5feACK 
TO PRKE-Ot A TRAIN WAVING A Fl.1'6 AND 
5HOUTING "A TRAIN I~ COMING~ TO WARN 
Tl1f WAT011NG AND SOMtTIME5 W:PTICAl 
POPULAC~ A'wAl fROl'I THI: TRACK5. 

Figure 1. An early active warning device for use at 
railroad-highway grade crossings. 
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horizontal red lights each with 5-3/8-in diameter lenses. The use of this 

device spread rapidly and operational expertence 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 light,_ be adopted as standard. Since 

that time, use of the wig-wag for new construction has ceased and the two 

alternat~ly-flashing horizontal. lights have bet6me. the national standard. 

The other type of ,active warning device in use today is: the short-arm 
' ' 

automatie;· gate. Origin-ally, ·gates were designed for m~nual :operation by a 

signalma~. They would be lowered in advance of a train's ~frival and raised 

after its departure. By 1935, there were about 4,700 man:ual gate~- at cross­

ings in the United States:( 9) In the same year, 26 autom~tic ~ates were 

installed· nationwide in an effort to provi~e more protection and to reduce 

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

blocked the entire roadway as is currently done in much of Europe.(lO) It 

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

standard,:was installed. This concept was quickly accepted, and within 10 

years short-arm gates were being installed.at approximately 1,000 new cross­

ings per jear_( 9) 

Fla~hing Light Signals. A standard flashing light signal assembly is 

illustrated in figure 2_. ()l) It includes a standard crossbuck sign, an 

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

flashing light signals .. Tbe flashing lights can be either·p.ost'-mounted or 

cant i1 eve red. They are norrria l ly p 1 aced to 'the right. of appf_6achi ng highway 

traffic on all roadway approaches to the crossing .. Additi;~al piirs of 

lights can be mounted on the same support and direclerl toward highway traffic 

approaching from another or opposite direction. Signals on both sides of the 

street are used at on_e-way streets and certain divided highway locations. 

The signals, as well as other active warning devices, are required to operate 
•! 

in a fail-safe manner, i.e., faiiures 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 power, in most cases, for more than 48 hours of normal 

operation. 

Flashing light signa}~ are activated a mihimum of 20 seconds before the 

train 1 s arrival whereupon the two light~ begin to flash ~lt~rnately at a rate 
· ., · · ( 12) 

of 35 to 55 times per minute. They continue to flash until after the 

train has cleared the crossing. The two lights are spaced 30 in apart on a 

horizo.ntal crossarm ·and consist of· either two 8-3/8-in or two 12-in diameter 

red lenses, or roundels as they are more tommonly called, each surrounded by 

20-in diameter black backgrounds. Inside the lamp housings are located a 10 

to 36 watt bulb and~ reflector. _ These low ~attages are used because of the 

limitation of the backup power system. To compensate for this constraint, 

the reflector and roundel work iQ conjunction with one another to focus the 

hot spots of these lights along a relatively narrow field or vi~w. 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_(ll) As shown, it is used in conjunction 

with a flashing light signal and consists of a drive ~echanisrn and a fully 

reflectorized red and white striped gate arm with three lights. They may be 

located on the same post as the flashing light signals 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 cerrter of the roadway at a 45 degree angle. The 

gate arm tip end light burns steadily and the two inside lights 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 a~ms can be made of aluminum, 

fiberglass, or wood. Their generally acceptable maximum practical length is 

44 ft. 

Guidelines for Use. Guidelines for the conditions under which different 

warning devices should be installed are contained in three documents--tl)the 

Manual of Uniform Traffic Control Q~_yj_c_~~ (MUTCD); (2) the Railroad-Hi . .!lhwcry 
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Grade Crossing H~ndb6ok; and (3) the Traffic Co~trol De~f~es 
~andboo~_(ll,l 2, 13 •14• 15 ) .The MUTCD has been adopted as a national standard 

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

provlde guidelines and practical applications thereof. ·sasically-, passive· 

warning devices are required at all grade crossings, and active warning 

devices are recommended where increased levels of warning and/or control are 

needed. Factors used in determining the need for. active warning devites are 

contained in the Railroad-Highway Grade Crossing Ha·ndbook. and illustrated in 
table J. (l 3,l4) 

The intent of these guideltne~·is to provide a consistent application~of 

the warning devices so a·s ·not 1:.o· violate a driver's ·exp·ect_ancy; howev~r, 

field installations do not always reflect this fact. For example, in a study 

··of-287 cro·ssings in.44 States, 84 percent were judged ·not to be 1n confor­

mance with MUTCD standards for one reason or another_(IG) However, only 11 

~iercent of the crossings were not ·in compliance with ~he Railroad-Highway · 
'· - " ' 

Grade Crossing Handbook guidelines in that the proper type of device was not 

initill~d, l.e., pa~sive siiris and maikings'alone or in co~bination with 
flashing light signals and/or automatic gates·_(l 3,l4) Thu~. it appears that 

the 11 H~ridbook 11 guide,Tines are being adhered to fairly well whereas strict 
. , "\: . . - . ' ,/ . 

compliance with the MUTCD standards is often not being met. 

Driver's Responsibilities. Drivers are required to use.reasonable and 

prudent beh,avior in_ operating their- motor vehicles,_ whether it be at a 

railroad-highway gr.ac:Je. crossing, a regular highway intersection, or any other 

place on the road .. 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 excerpt from the UVC, Section 11-701; 
establishing driver duties at grade crossings_(l?) 

"(a) Whenever any person driving a vehicle• approaches a 
rail road grade crossing under any of the circumstances stated in 
this section, the driver of such vehicle sha.11 stop within 50 feet 
but not less than 15 feet from the ~earest 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 mechanical signal device 
gives warning of the immediate approach of a railroad train; 

10 



Table 1. Factors used i_n determining the need for _active traffic 
controldevices at railroad-highway grade crossings.(9,10) 

• Vehicular traffic volume-~an ADT of less than 1,000 would require other 
. sf gn,i_f i can_t ___ wa rrants; 

·•, ··Railroad-traffic volume--less than 6 trains ·per day would normally 
represent light exp_osure :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; 

· ·• Maxfmum permissible vehicular speeds--speeds in excess of 35 miles per 
.. hour, in rural area_s or 25. mil es per hour in urban areas deserve careful 
corisideratfon;· - . -

• PedestriBn volumes--pedestrian volumes of 150 or more per hour may be a 
s~gni1icant determinant; 

• Accident reco.rd--occurrence of a train-involved accident within a three 
year period indicates a ~eed for careful analysis; 

• Reduced _sight distance--limited ~iew of tracks should be checked for 
limited driver reactiori; and· · · 

• . Elimina~ion potential--closing lightly used crossings and installing 
active deveices at more heavily ~sed crossing should be considered. 

Additional factors should be consjder_ed for automatif__g~_te 

• Multiple main line: railroad tracks; 

• Multiple trac~s where a train on or near the crossing can obscure the 
movement of another train approaching the crossing; 

• "High-speed train operations combined with limited sight distance; 

• Combination of high speed and moderately high volume highway and 
railroad traffic; 

• Presence of school buses, transit buses, or farm worker vehicles in the 
traffic flow; 

• Presence of tr~cks carrying hazardous materials, particularly when the 
vi~w down the track from·a stopped vehicle is obstructed; 

• Presence of passenger trains; and 

• Continuance 6f accidents after installation of flashing lights. 
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2. A crossing gate is lowered or when a human.flagman gives 
or continues to. giv~. a signal of the approach or p_assage of. a 
railroad train; . . . · · 

4. An approaching railroad train is plainly visible and is in 
hazardous proximity to such crossing. . 

(b) No person shall drive any vehicle through, around or 
under any crossing gate or barrier at a railroad crossing while 
such gate or barrier is closed or i.s being• opened or c_lo_s~d. 11 

Unfortunately, not all States have traffic laws which are· c~hsistent.with the 

UVC. This lack of consistency may be a source of· confusi~n for some drivers. 

For example, at least nine States do not expressly prohibit;drivi,ng under or 
around a lowered gate arm, and at least two of them, ·Louisiana· and Mi.ssourf, 

actually permit a motorist to drive around a lowered gate arm when it is safe 
to do so_(lB) 

Indeed, not all drivers understand their responsibilities at a grade 

crossing. In a study of 829 subjects, over 50 percent of the respondents 

thought they should stop at unsignalized crossings and 25 percent thciught 

they should stop at all signalized crossings whether or not the signal was·• 

flashing_(l 9) Approximately 30 percent of the respondents did not-recognize· 

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

more than 50 percent thought that all crossings except those rarely used by· 

trains were protected by active warning devices~1])Clearly, there i-s too large 

a percentage of motorists who do not fully understand and/or comprehe~d their 

legal responsibilities at railroad-highway grade crossings. The consequenc­

es of an improper decision at such a location can lead to ~eath or serfbus 

injury. 

Driver Performance at Grade Crossings 

· There is much published literature concerning- safety at railrdad~highway 

grade crossings. However, it is somewhat surprising that bnly - 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 iections: 
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Looking Behavior .. · Looking behavior refers to whether and where the 

driver l~ok~· wh~n approaching a crossing. A general assumption regarding 

looking behavior is that a safe driver is one who looks for trains. However, 

this is not necessarily the case at active crossings where the warning device 

itself. is an indication of an approaching train. At these locations, a safe 

driver has only to look for the warning device. However, a study of six 

~rossings with fl~shing. li.ght signals in three different urban areas found 

that up to 50 percent·of all drivers looked in. at least. one direction during 

·time ~eriods when the signals were not activated.(~O) 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/21), Nearly 80 percent of the drivers interviewed said they.detected 

a crossing by. s,imply remembering that it was there, while approximately 20 

percent relied on the warning system or visual observation. One percent of 

the drive:rs 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

ioral differences that·did exist from site to site were a function of train 

• volume and driver familiarity, i.e. i familiar drivers tended to look more at 

- cross,ings 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 

ind'icate 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 behavior data. Figure 4 illustrates typical approach 
speed profiles for urban and rural crossings.( 22 ) 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 
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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 proportional ~o the roug,hness of t.~.e crossing sur­

face, i.e., the rougher the crossing the greater the, speed reduction. This 

relationship is illust;ated in figure s.< 22 ) 

When evaluati~g approach speed profiles i.n response to active warning 

de~ices, it should-be r~cognized that the.~fesence of the train and other 
• I ' • 

vehicles will have an etfect on approach ~peed. Therefore, speed profile 

data should be sepirated into cate~o~ie~ of similar expected 6ehavior. Past 

studies have in fait utilized four basic ~itegories for app~oach speed 

profiles. In each· successive category, drivers 'were presented with an 

.. ·additional visual stimulus at the crossing. ( 23 •24 ) The first category, "free 

flow vehicles, 11 include~ those vehicles traveling through the crossing with 

no stimulus other than the existence of the crossing an~ its nonactivated 

warning devices. The second .. category, "first- unobstructed vehicles," 

included those vehicles that entered the crossi,ng _area while lhe warning 

devices were activated by the approach of a ·train;· but· chose·to pass through 

the crossing.· The added stimulus was tliat o·f the activated signals. The 

third category, "first Obstructed vehicles," included those veh·icles that 

entered the crossing are~ while the warning de~ices wer~ act1va~ed and the 

train was a·lready blocking the crossing or was in such close proximity as to 

present a hazard. ·These vehicles were ob~tructe~ by the added stimulus of 

train presence. The final category, llfollowing vehicles, 11 inc:luded those 

vehicles entering the crossing .. area under conditions of act;xated warning 

devices, a train blocking the crossing, and the added stimului of one or more 

vehicles already stopped at the crossing. 

Approach speed profiles for each of these vehicle categories are illu-
. (23) 

strated in figure 6. • Note that free-flow vehicles entered the crossing 

area at about the same speed as the first unobstructed v'ehicles, but faster 

than the first obstructed and following vehicles; that entry speeds of first 

unobstructed vehicl.es ~ay not be disti~gutsha~le from first obstructed 

vehicles, but are faster than those of following vehicles; and that entry 
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speeds for first ob's'truc:-ted vehicles are faster than those of fol lowing 

vehicles. In each case the slower vehicles were in a category benefiting 

from an .added stimulus at the crossing. 

From these result·s, it might be in'ferr·ed th·at flashing ligh,t signals, 

operating when a train is not immediately present, are n,ot commanding enough 

to cause unobstructed drivers to decrease their _spe~d· until they are rela­

tively close to the crossing. In other words, d~ivers either antic{~ate the 

possibility of crossing safely ahead of the train, or they do not see an. 

1nd1catfon of hazard as early as drivers. in other categories. Dri_vers 

approaching the crossing whe~ a hazard is indicated, fi~st obstructed vehi­

cles, slow down sooner and_decelerate more gradually·than those w1.th only the 

activated flashing light signals in evidence. · Finally, drivers fa:ced wi~h . . 
activate·d flashing light signals, a train blocking the crossing, a_nd vehicles 

stopped in the roadway beg~n slowing down even further from the crossing. 

This fi~al observation may poin~ o~t some advantages of automatic gates in 

that they provide drivers wi_th.earlier visibility of a hazard in the roadway, 

while also eliminating the option of unobstructed motorists decidin~ to beat 
the trai'n. <23 > 

Perhaps the best use of approach speed profiles is in comparing differ­

ent conditions at-a particular grade crossing~~sihte crossing roughness would 
not be a variable factor. At··least tw·o' notable studies have used this 

approach. In the first, a comparison was m~de befo;~ and -~fter 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 apprp)(imately free flo.'1-speed an_d bega_n __ tq slo~ down to a speed of about 

30 mi/h:· At this point in the before condition, the fir5t unobstructed 

drivers decided it was safe to cross the tracks in front of the train, 

whereas in the after condition, the aut~m~tic gates.took this decision away 

from the drivers. Thus, these drivers were reclassified as first obstructed. 

Taking the.opiion ;o cross i~ front of th~ -~rain_ away· from 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 comp~rjt~ve st~dy evaluated five warning device conditions at 

the same site:< 25 ) 

• Passive signs and markings. 

• Nonactivated flashing light signals. 

• Activated flashi~~ light signals. 

• Nonactivated·-tiashing light signals and raised automat.'ic -gates.· 

• '·Activate~:i~~shi~g light signals and lowered automatic gates. 
. · (25) 

Table 2 and figure s·~·~·mma~·ize the results from this study. · Basically;. 

as d~{v~~~ appro~ched:fhe st~dy cr~ssing, they reduced their speed signifi~ 

· cantlj under all fiv~-~onditions. Speed reductions in th~ pre;en~e of ·the· 

pass•i ve . signs were sign i ff c·ant ly greater than .. in the presence ·of the non..; ·. 

activatedflashi.ng.light s1gnal c~ndition and automatic gates: However, 30. 

percent ~f the speed r'eductions were not great enough to stop the vehicles··. 

·safe"i'y from the distance that· a train could be seen, The lowered gate arm · 

condition resulte·d in' 'significantly lower speeds than did the activated 

flashing ,.ight ifgnal condHion, indicating more_ o(.a resignation to stop ·1·n 

fro~f of a lo~~red g~{e ar~ fhan in front of an· actJvated flash~ng light 

signal. These observa'tions support_ those from the other speed 'profile 

studies. 

Speed Changes:· · Speed changes refer to differences in speed between 

successive po{nts along'fhe roadway. They can be either positive (acceler-.' 

ati6~) or ~egaft~e-(d~cele~ation). Speed changes are important since there·· 
- . - . . . 

is some evidence··accident rates are affected by speed and speed change 

variance. ( 26 ) · ~f this is true, railroad-highway grade crossings may· be 

extremely.danger6us'l6cations because some drivers slow down to verify the· 

way is clear,· soine drivers:maintain their speed, and some drivers speed up to 

beat the train: Furthermore, the expected variance might be higher at an 

active gr~de iro~si~~·thin at a signalized highway intersection because 

activated flashin·g light signals are an uncommon event whereas changing 

traffic signals are not. 

Results f~6m a study which specifically looked at speed changes on the· 

approach to a g;ade croS"sing are summarized in table 3_(ZO) From this 
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Table 2. Driver speeds approaching a railioad-highway grade 
crossing as a fu~ction of different warning devices. 

Condition 
Passive - Signal Si gna,l , Gate Gate 
Signs · Off Flashing Ra i s_ed Lowered 
(n=95)· ( n=130) (n=15) (n=l20) (n=7) 

Speed at 200 m 
· Mean (km/h) 56.1 59.3 54: 5 · · 59;.l 45.0 

Standard Deviati~n I 8.2 7.3 11. 9 8.6 10.2 

Spee9 at 80 m 
Mean ( km/h) 47.7 54.1 43.8 ·54.2 38. 7 · 
Standard Deviation 10. 0 9.5 9.9 9.9 11.1 

Di ff_erence 
L 

Mean (km/h) 8.4 5.2 .10. 7 · 5.-0 6.3 
Standard Deviation 8.9 7.2 7.0 5.7 6.0 

F 
(4,326) 

7.64** 

13. 26** 

5.15** 

t . 
D 9.2** 8.3** 5: 9** 9. 6**- 2.8**. 

Note: 1.0 km/hr= 0.6214 mi/hr; 1.0 mete~~ 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 I-II .. Zone II-III Zone 
Locations D C A ··::~- C A D 

Centre Street 33.· 20 48- 90 5 4 89 

Collins Bay Road· 68 ·" 14 18 79 9 13 73 

Gardiners Road 47 17 35 - 67' · 12 21 ·16 
' 

Sydenham Road 38 19 42 83 8 10 8 

Elliot Avenue 87 2 11 34 10 56 58 

McConne l.l Avenue 53 23 .24 85 10. 5 38 

Note: Percentages may not total 100 because of rounding. 
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table, it is seen ~hat, individually, drivers varied their ap~roach speeds 

and patterns ,of acceleration and deceleration from crossi.ng to crossing as, 

well as at each crossing. In other words, there were no discernible patterns 

either between .or within:frossings even though they all ha~ active.warning. 

devices .and all data we,re collected during nonactivated conditions. Also,· 

variance of the mean speed change generally increased as the drivers got. 

closer to the crossing at each of the sites:_ This infers that differen:t: 

drivers behave differently. as they approach a grade ~rossing and that these 

differences increase as they~get clo~er to the crossing. Thus, thJ like~i­

ho.od of b~tween vehicle accidents increased. 

Decelerati~~- · 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 leveJ of deceleration, it 

indic~tes severe, braking_due to a delayed or surprised reaction by :the .. • 

driver. The Traffic Engineering Handbook defines several .deceleration Jevels 

as f~llows:< 27 ~ 

• 
• 
• 
• 
• 

Emergency--greater than 20 ft/s 2 . 

Very uncomfortable--14 td:20 ft/s 2 . 

Uncomfortable--il to 14 ft/s 2 . 

Undesirable--8 to 11 ft/s 2 . ' . 

Practical--less than 8 ft/s 2 .-

Two studies have analyzed deielerati6n levels at grad~ crossings ind 

reached similar conclusions.< 23 •24 ) In the first study, 13 drivers out of 

520 exceeded the practical dec~leratlon level when approachi~g an actiYated 

flashing· light signal. <23 ) In the second study, eight drivers out of 261 

exceeded the practical deceleration lever when approaching in activated 

flashing light.signal with lciwered automatic gates.< 24 ) Thus, neafly all of 

the observed drivers in both studies decelerated at a ·practical level and· no 

drivers were involved in an accid~nt. This implies that large samples ~f 

deceleration levels would be required to provide conclusive evidence of 
11 unsafe 11 driver ·performance at railroad highway-grade crossings. 
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C~nflict~ and Violations. 1h the context of grade crossings, confli~ts 

are undesirable driver actions which place the driver in a da~gerous position 

rehtive to· a·n approaching train. Violations are illegal driver behavior 

which may or may· not a 1 so be a co'nfl i ct. Both could be termed 11 ri sky be­

havior .11 · One study found th·at only 46 perce'nt of the drivers app.roach.ing· 

crossings wiih ~ctivated flashi~g lights-and 90 percent of the drivers 

app~~achin~ cros~ings with lowered automatic g~tes actually stopped at the· 

crossing. ( 28 ) It. is not reported how many· of those who did not stop, crossed 

unsa'fely; however, dependent upon State law, those who drove· around' the 

lowered gates probably did so illegally.(lS) Other studies have reported 

from 15 percent to 60 percent of approaching drivers crossing in front of a 

· t~lin while the flashing light signals were activated.( 22 , 25 ) 

The most frequ~ntly cited causal factor for conflfcts and violations is 

the large variab1'1ity 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.< 22 ) 

Driver Performance at Signalized Highway Intersections 

._Dri-ver 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 

unlit 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 no trai~ is 

approaching and therefore it is safe to cross. 
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Most drivers encounter traffic signals on a daily basis and they expect 

a signal 1 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 traffic signals 

are so common, driveri are aware of and confident in their operation. Driver 

awareness and confidence in grade crossing signals are probably low in 

comp~rison. Driver behavtor studies at signalized highway intersections have 

focused on driver response and actions during the signal 1 s change interval_. 
. • . ' ! • 

The pertin~nt findings from those behavioral studies are discussed in the 

following sections. 

_Percep:tion-Brake Reaction Time .. _At a traffic signal installation,. 

perception time is the time for drivers to come to the realiza~ion that 

brakes must. be applied, and brake reaction time is the time required to apply 

the brakes after perception. The two times cannot be separated during field 

measurements as it is impossible for an observer to differentiate when 

perception is accomplished and brake reaction starts. Therefore, the to~al 

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 perception-brake reaction time (PBRT) in 

response to a traffic signal change interval. One of the earliest studies 

used 87 observations from a single intersection to report a median PBRT of 

1.1 seconds and an 85th percentile PBRT of 1.5 seconds.< 29 > A more recent 

study relied on approximately 100 observations from each_of six intersections 

to report a median PBRT of 1.3 seconds and 85th percentile 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 stopping 

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

made. (27 , 32 , 33 ) When_ these data were analyzed using deceleration levels 

ranging from 8 to 15 feet per second per second, three categories of driver 

behavior emerged as follows:< 34 ) 
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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 than __ l.O seconds of PBRJ; 

' ' ' : . 

· 2 ... Indecision stopping: when 50. percent of the drivers go 
through the inter$_ection and 50 percent stop, PBR_T is from 
1.0 t6 1:5 seconds; and · 

3. . Comfortable stopping: when the majority of the drivers 
decide to stop, their PBRT is from 1.5 to 3.0 seconds. 

One sh6rttomin~ of these siudies is that.none of them analyzed PB~T as a 

fu~ctio~ of v~h~cle speed a~d distance fro~ the iniersection even thciugh the 

data indicate relationships exist. Findin.gs from one study which analyzed 

these relationships are presented in figure 9_( 35 ) As show~ i~ 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. In siiuitt6ns 

requi'rt ng imm·edi ~te reaction (e.g., approach speeds greater ·than 40 mi/h), 

the mean PBRT did ~ot increase with distance from the intersection. Instead, 

:ii' ~p~~ared to be relatively con~tant at O.~- seconds. Combihing these 

results indicate' that 1. 2 seconds is a good estimate of an 85th percent·, 1 e · 
P~kT f~r both h~gher speeds'and closer distanc~s. 

T~ie of day ~nd ~~~~her·conditions ~~ght also affect a driv~f•s-PBRT 

time. The only study which evaluated these eff~cts reported no differ~n~es 

in d~iver behavior between day-night or wet-dry conditions.< 35 ) As a result 

of ~~ese findin~s, a mean.PBRT of 0.9 second; and an 85th percenttle PBRT of 

l. 2 ~econds ·were recommended as re.presentat i ve of driver behavior at s i gna 1-

i ~ed highway int'ersections for all lighting and weather conditions. 

: It should be noted that the PBRTs reported in the aforemen,tioned studies 

are representative of operationally a·lert conditions in that most drivers 

wefe familiar ~iih ihe traffic ~igrials and expected them to change on a 

regular basis~ If the signals had been complex and/or their change unexpect­

ed, such as at an isolated rural intersection or~ railroad-highway g~ad~ 
' ' 

crossing, the drivers may not have been as alert and longer PBRTs would have 

~e~n observed. The American Association-of State Highway a~d Transportation 

Officials (MSHTO) recognizes this fact and recommends a PBRT of 2.5 seconds 

be used for design so as to accommodate most drivers under most condi­
tions.<35) 
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Deceleration. Some researchers recommend a deceleration of 10 feet per 

second per second (ft/s2) for use in. calculating .. the length of a traffic 

signal change interva1.< 37 , 3s) In fact, this value is recommended in the 

1982 Transportation and Traffic Engineering Handb~ok. ( 39 ) A study with field 

observations reported that when the required deceleration was 8 ft/s 2 or 

less~ virtually all drivers stopped. When the required deceleration was 

between 8 and 12 ft/s 2, some drivers stopped while others proceeded through 

the intersection. - When the required~deceleration was greater than 12 ft/s 2, 

few drivers stopped_( 4o). It. should be noted that deceleration levels 

observed in field studies are primarily a resul't of comfort or a "practical" 

level of deceleration. They are not an. indication of whether the driver/ 

vehicle can perform certain decelerations. 

Deceleratiq_n is governed by the "basic laws of'moti'on" from physics. It 

is affected by speed, distance, and time, as shown in the following equa-_ 

ti ons: 

or 

2 2 d = (v ~v
0 

)/2s 

d = (v-v )/t 
0 

where: 

d = deceleration, ft/s 2. 

v = initial velocity, ft/s. 

, v
0 

= fi~al velocity, ft/s. 

s = distance over which change in velocity occurs, ft. 

t = 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/s 2 or less. The 10 ft/s 2 deceleration level assumed by the Transportation 
and Traffic Engineering Handbook represents 90 percent of this value.< 39 ) 

Therefore, a deceleration of 10.5 ft/s 2 was suggested as normal behavior on 
{35) level grade. 

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/s 2. 

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 Stopping. 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 te~et; 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 away 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 

discernjble 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 drivers are going to enter the intersection after the yellow has 

terminated. To alleviate this problem, one researcher has suggested a 

constant yellow time·of 4.5 seconds be· used at all intersections.< 35 ) 

Conflicts. As with grade crossings, conflicts are driver actions which 

place the driver i~ a dangerous poiition, i.e:, in a posftiDn where 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_( 4l) Generally, the best 

results have been obtained when the intersections were stratified by volume 

levels. Such relationships are desirable, as conflicts cart 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 

tbe type of accidents that are being predicted. 

Unfortunat'ely, conflict rates at intersections cannot be compared 

directly to those at grade crossings 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, bu~ only one of them, the motor vehicle, can take evasive action. 

Second, train volumes 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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Sununary of Previous Research 

There are two types of warning devices for use at railroad-highway grade 

crossings~-passive devices and active devices. Passive devices provide 

static warning of a grade crossing's location and are required at virtually 

all at-g~ade crossings. Active devices supplement passive ones at locations 

where the accident potential is high so as to warn drivers of the approach or 

presence of a tr~in. The active warning devices currently in use were 

deve~ped 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_(ll,lS)_. • 

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 challenge lies in definipg what 

con.stitutes good driver behavior, Surprisingly, few studies ~ave attempted 

to quantify driver behavior at r~ilroad-highway grade crossings. Those that 

did looked at such measures as. looking behavior, speed profiles and changes, 
. . ' 

deceleratlon levels, ~onflicts, and violations. As a result of these stud-

ies, several interesting and somewhat unexpected conclusions were reached. 

Looking behavior is a poor measure of driver performanc, 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, looking behavior 

appears to be more related to past experience than the .need to look, i.~., 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 

drivers.< 21 >· Speed profiles of familiar drivers on the approach to a grade 

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

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 ~ate armi result· in the 

smoothest speed profiles and, surprisingly, activated flashing lights result 
in: ~peed 'profil'es similat to those at;passive cross fogs .. · As for speed. 

changes 'of indiiidual vehicles approaching the crossing, ·there are ·no, 
r 

ap~a~~nt patter~~ oth~r th~n the fact that theif •~ari~nce increase~ as the 
v~hici~s get'ci6s~r-to the cros~ing. 

Ob~ervance b~ extreme deceleration levels a~d·large numbers of conflicts 

and ~iolations are good ind~cators of=patenti~1 gr~de crossing safety prob~ 
' . 

lem·s. :-unfortunately, very few drivers exceed a pr'actic:al deceleration level 

wheri:•stopping, ~~~s ~equiring larg~ ija~a bases. Conflicts and ~iolations are 

more common and ~isily obsefv~d. Th~-k~~ to thiir tise is a clearl~ defined 

behavior that can be measured in the field. 

Driver.be·h:av·ior at signalized intersecfions is different from that at: 
ran rbad-hi ghway .grade c·ross i ngs in that changes 'in right-of-way a re expected 

at intersections and unexpected at 'grade cross i ng-s; however, several re·search 

fi ric~fi ngs are worth not·; ng. The 85th percenfi le percept ion-brake read ion 
tim:e fn response to a y~llow sign.al can'be es'timated as l.2'·$econds. This 

vaiJ~ doe~ not change with either ~tsta~ci fro~ ~he i~tersettfbn, o~ d~y­
night or wet-dry c~nditions·. The 85th p~rcentile 'deceleration· level is 10.5 

ft/s 2 which also is unchanged for all conditions other than approach grade. 
As wfth grade cr·ossings, few drive/s· select higher than practical decelera­
tion''level s when-. stopptn·g: Ninety:;;.five percent· of the drivers who do not· 

stop enter the interiection within 4.5 seconds of the onset of 'yellow regatd­

less ·of their 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 iri the laborato_~Y­
study, under normal traffic conditions at existing railroad-highway grade 

crpssings. The three devices.selected for field evaluation were: (1) the 
four-quadrant gates with skirts; (2) the four-quadrant flashing light signal 

-system with red strobe lights over the traffic lanes; and.(3). the highway 
tr~ffit signal system with a white bar str~be i~ front of each red signal 

lens. This chapter preseni~ the stud~ approach us~d in t~e field evaluation 

study as well as the plan for data collection and reducti'pn. 

Study Approach 

A' before-and-after study approach was used to·evaluate the three frinova­

tive-active warning devices_. That is, performance data we.re collected at 

existing crossings with standard active warning devices and then again at the 

same crosiings after the standard war~ing de~ices h~d been·feplaced 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/6r 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. 

Existing Conditfon Improved Condition Improved Condition 
Crossing (Spring 1985) (Spring 1986) (Summer 1986) 

Cherry Street Two-Quadrant Gate Four-Quadrant Gate Four-Quadrant Gate 
and Flashing Light and Flashing Light and Flashing Li9ht 
Signal System Signal System Signal System 

Ebenezer Road Two-Quadrant Four-Quadrant · . Four-Quadrant 
Flashing Light Flashing Light Flashing Light 
Signal System Signal System Signal System 

with Overhead with Overhead 
Strobes Strobes 

Cedar Drive T~o-Quadrant Two-Quadrant Highway Traffic 
Flashing Light Flashing Light Signal System 
Signal System Signal System with Predictors 
without Predictors with Predictors. 
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warning devices. Results from the improved condition studies were compared 

to the .e~isting co~di,Uon 'studies (to determine whether the ne~-devic~~ ~~re 
more or less effecti,ve than the old ones) and, for c·ertairi pe;formance· ni~a·­
s~ris, ~o eac~ other (~o dete~mine ~he, relative effectiveness ~f the n~w 

devices). 

The first set of crossing studies was conducted in the spring ~rid summer 

of 1985. The new de~ices weri then installed. After a 1- t6 2-month fam~l~ 
- . ' . ,· .• ! ', . .,.-

iarization period, the_ second set of studies was conducted in the winter ·and 

spring of 1986. The purpose of this delay wa~ to erisure i~ai the behavior~l 
' - ' ' . . .. 

data being collected_ did not c_ontain driver responses due to unfamiliarfry'. 
with t·he new devices. The third set of studies was conducted,,during the ... 

summer of 1986 for the purpose of determining whether the effectiveness of 
. ' \ 

the new devic~s changed with time . 

. Care was taken to ensure that conditions at the st·udy c;rossi'ngs did not 

change during the studies. Traffic and train v6lumes were contin~ously 

moni,tored. Also, before any data were collected, all adva~~e wa'.n{ng ~:i~:-~,,s' 
and pavement markings were upgraded so as ~o be in io~pliance with the_­
guideJines 'contained i.n .the MUTCD.(ll), I-n addition, a,·, active war'ning 

devices were properly aligned and subjected to routine ma i nte'nance pri ~l.-to 
. -

the conduct of each study. 

Sample Size Considerations. For each study at a partic~lar irosiing; 

data were collected for a minimum of 30 train crossings. Including equipment 

setup and takedown time, a minimum of 1 month (2 per;on~~~~i~~) w~s esti~~f~d 

for each of the data collection periods at _the three sites. However, larger 

samples, weather delays, and/or equipment malfunctions significantly'\n­

creased the time requirements, and 3 to 4 months (6 to 8 person-months) were 

actually expen~ed.for d~t~ collection d~ring e~ch study ~ha~~ at each ~f the 

three sites. Also, a minimum of 2 mo~ths (4 perso~-months)_wa~ required t; 
• ~ ' ' • • • • 'I. 

reduce and analyze the data from an individual stud;. Therefore, approxi~ 

mately 5 months (10 person-months) were required fci~ each--iiudy perio~: · 
. . . ~ 

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 ambient light,conditions, it was not feasible to do so given the 

fiscal and time constraints of the project. To start with, one cannot 

accurately predict the weather. For example, there was no guarantee that it 

would not rain on the days scheduled for data collection. Even if it did, 

there might have been a difference in the rainfall 1 s intensity and its 

corresponding effect on visibility. To wait fo\-" usable wet weather con­

ditions to occur might have resulted in an endless ~tudy. On the other hand, 

waiting for good weather during certain ,time periods would also have delayed 

the data collection effort. Therefore, as both conditions occurred in the 

real world, data were collected under whatever weather conditions existed at 

the time as long as visibility was such that the data could be collected. 

Ambient lighting 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 lighting level at any of the three crossings. As a result, the 

final data set contained observations during both day and night conditions in 
< • I ' 

proportion to the number of train arrivals during these time periods. It was 

anticipated that the night time sample sizes would be smaller because of 

lower train and traffic volumes; however, their size was exp~cted to be 

adequate for comparison purposes. It was also anticipa{ed that even if the 

total number of train crossings in the before and after conditions were n~t 

equal, the day and night proportions of the two data sets would be approxi­

mately the same. 

Measures of Effectiveness 

Realistic field evaluation of the three innovative active traffic 

control devices was dependent upon selection of suitable MOEs. To avoid 

influencing drivers and hence influencing their responses, MOEs were selected 

which could be obtained with a minimum of interference and detection by 

drivers. In addition, only commonly-accepted, safety-oriented driver 

performance measures were considered. As a result of these considerations, 

the MOEs selected for evaluation were as follows: 
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0 

I Speed profi,l es. 

I PBRTs. 

I Maximum deceleration levels. 

I Vi o_l at ions. 

I Vehicles crossing. 

Looki~g behavior, the other grade crossing MOE cited in the literature, was 

not used in this study as _it is not particularly meaningful in evaluating 

active warning devices. Looking behavior data would also have been very 

difficult and costly to obtain. 

The general hypotheses tested in the field studies were that when . . . 

compared to the_existing warning devices, the innovative devices would result 

in: (a) quicker driver PBRTs; (b) fewer undesirable and/or uncomfortable 

decelerations; (c) fewer violations; and (d) fewer vehicles crossing in front 

of the train. Thus, the overall null hypothesis was that there was no 

difference in driver performance measures when comparing response to the 

existing standard device with response to the innovative device under study. 

Rejection of this null hypothesis would suggest an increase in the con­

spicuity of and respect for the innovative active warning device. The 

specific comparisons that were made and procedures that were followed 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 devices, and compared to similar data collected before installa­

tion of_ the device (i.e., under the existing conditions). ~n addition, a 

maximum deceleration level was computed from each individual speed-profi_le. 

:hese values w~re then tabulated and plotted as a cumulativ~ frequency 

distribution. The number of drivers acceptthg an undesirable level of 

deceleration (greater than 8 ft/s 2) 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 observe·d 

differences in distributions were statistically significant. (42 ) This test 
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was selected over the chi-square test because of its-treatment of indivldual 
observations separately--thus, not losing information (and powe.r) because of 

grouping as the chi-square test must sometimes do. The KS two-sample test is 

a test of whether or not two independent samples hav'e been drawn frorri popul a­

ti ons 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 point. The latter c6ndition sug~ests that 
the samples come from different populations and w~s evide.nc:e 

the null hypotheses, i.e., there was no difference in driver 

between existing and improved conditions. 

for rejectf ng 

performance 

Perception-Brake Reaction Time. In addition to the average speed 
r 

~refiles for the differen~ categories of
0

device type and improve~ent con~ 

dition, each dri'{er' s total PBfff was calculated. PBRT was defined as the 
, ' . ' . 

difference in time between activation oi the warning device and activation of 

the vehicle's brake lights: A clock superimposed on the film permitted ~he 

cal~ulation of· elapsed time. Only those vehicles whose brake lights ~ere 
'. 

activated were included in the data set. As the ~bservatioris were not 

necessarily expected to b~ ~ofmally distribut~d, nonparametric te~hnique~ in 
the Statistic~l Analysis Systems (SAS) program were used to ascert~fn whether 
or not-~bserved diff~rences were statisti~ally significant.< 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 powerful al.ternatives to.the -~'sual 11 t 11 and 

analysis of variance tests for eq~ality
0

of mean~_( 44 ) These ·tests assume 

that the underlying v~riable 6n which the samples are being comp~ied is 
'' 

continuously diitributed and avoid the ass~mption fhat they also be normally 

distributed. The null h~pothesis to be tested is that ~he ~opulatio~ dis­

tributions are identical. Rejection of this hyp~thesis indicates that the 

samples came from different populations, i.e., differences in mean PBRTs 

observed in response to alternative active warning devices are statistically 
significant. For this particular driver performance measur~, the following 

comparisons were made: 
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• Existing and improved conditions at the Cherry Street crossing .. 

• Existing and improved conditions at the Ebenezer Road crossing.-·· · 
.. 

• Existing and improved conditi'ons at the Cedar Drive crossing. 

Violations. Violations were evaluated for each innovative devi_ce; 

howev.er the definition of a ".violation 11 was different for eac.h type, of_ 
, ' .. " ... 

c:levice. ,For four-quadrant gates.with skirts, violations occurred whenever 

motorists either drove around the gate arm in the down position or collided. 
j ' • , • • • ' • • ' • ~ • ' ' •• 

with.the gate arms as they were coming .down ... For t_he. flashing- light signal 
'" ', - ' . J . - , 

system, a vi·olation occurred whenever driv~rs who. could reas~nably stop in 
' . 

response to the warning device failed to do so. In this analysis, it was 

assumed.~hat vehicl~s.farther than 5 seconds from _the cro~sing at the time of 
• • ' ' • • ' • I • ' ~ ' " • • • • • • '. ' ' '. • : • ' • I 

devi,ce 9-cti,vation were capable of ,reasonably stopping; however, because. <;>f, 
. ' : ,, ·. ' . . ' ' .. ' - - - . ' 

the.difficulty .in det~rmining whether or not .a:vehicle ,came to a complet_e . 

sto~, violations wer.e not counted for th~ flashing light ~ignal systems:~ 35 ) 
' ' ~' . \ - ' : ; ' - _, -' ' ' . -- . 

fo~ t~e highway traffic signal system, viol~tions occurred wh~never vehicles 

proce.ed_ed -t~rough_ t_he crossing when the signal head displayed a red light . 

. The.number of.violations (i.e., motorists driving around a.lowere~ g~te 

arm or crossing when the highway traffic signal displayed a red) that occur­

red for each train crossing were manually counted from videotapes. Like 

conditions were aggregated, and average violation rates per crossing were 
. . '·-, . 1<~:'7, ' . - :·_ . - ·, -

computed for each application. As with the other measures of effectiveness, 

comparisons were made between the different ~onditions at each crossing. The 
' . . ' ', '! \. . . '' 

an,lysis procedure for this measure was exactly the same as _those described 

for PBRTs. 

Vehicles Cv-ossiU11g. Tbe .number of vehicles crossing was the final MOE 

used to evaluate the.relative performance of the innovative.active warning 
. '.. -· '" 

devices. It was defined as the total number of vehicles cr9ssing the tracks 

between activation.of the ~arning devices and the train's arri~al at the 

crossing .. The number of yehicles crossin~ were manual.ly'._counted.fro~ the 

vi~eotapes and then, for comparison purposes, subdivided into those that. 

occurred within 10 and_20 seconds of the train's arrival at.the cro~sing. 

Specifically, vehicles which crossed within 10 seconds of an oncoming train 
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(CLIO) 'were conS'idered an indication of risky behavior as this represents a 

level of driver performance in which there i·s little, if any, room for error. 

This vaJ~e was based on 2.5 seconds of perception-reaction time, a 20 foot 

long vehicle starting from a stop 20 feet away from the crossing, accelerat­

ing at a normal ·rate of 4.8 ft/s 2, and clearing a point 20 feet on the far 
side of the ~rosiing, 2.5 seconds before the train's arriva1.< 45 ,4G) · Vehi­

cles which.ctoss~d within.20 seconds of an oncoming train (CL20) were cons1d­

erel1a~n" indicatr'on of aggressive behavior as thi S was thought to represent a 

l ~~~\ of driver peff.ormance in wh1 ch there is some, but not much room for 

driVer; vehicle, and/or warning system error. The MUTCD appears to address 
this point by r~qu·iring a minimum warning time of 20 seconds. (ll) 

,, 'usfng the'aforementioned definitions, it was possible for a single 

maMeuver to be Elaisified ~s a CLIO and a CL20 as well as a violation. For 

ex~rriple, driving around· a lowered gate arm within 10 seconds of a train's 
~r~i,val' would be counted as a CLIO, a CL20, and a violation; driving around a 

lowered gate arm between 10 and 20 seconds of the train's arrival would be 

coun{e'd ·as a CL20 'and a violation; and driving around a lowered gate arm at 

least 20 seconds prior to the train's arrival woul~ be a violation. The 
,-{ - ,' ' 

analysis procedu'res for CLlOs and CL20s were the same as those described for 
PBRT~":' 

Data C~l lection ;;and Reduction 

Tlie key to determining motorist response to the activation of an active 
'- I •• 

warniMg device was 'to bbtain accurate and pertinent data on driver behavior 

in the decision zone, i.e., that area where the driver must decide to either 

stop or p~oceed through the crossing. Previous behavioral studies have 

rei.ied'on data from field observers, tape switches, and/or time-lapse movie 

ca~~r~s to determine looking behavior, reaction times, and speed distance 
· + - · .. ·, · · ( 20 22 23 24) 

profiles of drivers in this zone. ' ' ' Each of these techniques was 
limited by the fact that usable data could only be collected when the warning. 

device was activated by an approaching train, and this may only happen 10 to 
., \'" ,· . 

15 t i.nies per day.· Thus, either large amounts of extraneous data are co 11 ect-
ed o~ the data collection team spends most of their time waiting for some­

t~in~ ·to happen.· In-addition, the collected data must be reduced manually. 
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Consequently, the gathering of large data bases is very c6itly arid tim~ · ·· 

consuming. 

The data collection and reduction procedures used 1n 'this study were ari' 

attempt to overcome some of these limitations; however, as· rs exp'lained 

later, the procedures actually used were far more labor ·intensive than··· 

origin~lly anticipated. Basically, data wete automaticallY 'retorded on 

portable video recorders whenever a train was approaching the crossing arid: , 

partially reduced by an image processing and pattern recognition process;~ 

The following subsections describe the equipment that was utilized and th~· 

methodology that was employed for data collection and reduction. 

Video Recording System. Three complete video recording· systems were:., 

used for the field studies. Each system could be oper:ated on rechargeable·•· 

storage batteries or, with the appropriate adaptor, fro'm either a 110-volt AC 

or 12-volt DC power source. Fully charged batteries provided approxim~tely 2 

hours of continuous recorder operation and alternative power sources provided 

f6r even longer periods of operation. As this last option wa·s desirable and 

because of their portability, deep-charge marine batteries were chosen as· the 

power source for the data co 11 ec-t ion system. The recorders were al so port..: • 

able and used standard 1/2-in Tl20 VHS cass·ettes. The recorders· could :.·" 

. operate in a temperature range of 32-104 °F and relative humidity range· of 

approximately 32-80 percent. 

The video cameras used with the recorders were black and white clbs~d 

circuit television cameras that weighed 2 pounds each. The"yutilized vidicon 

tubes' with an automatic light range of 100,000 to 1, thus providing high 

quality video under both day and nighi lighting conditions. The cameras 

operated on 12-volts DC and used the recorders as a power source; therefore, 

they were only energized when the recorde.rs were act i vate.d .. The cameras were 
more rugged than the recorder.s 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 tha 

·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 b_ro~e the beam, the detector -transmitted an encoded 

camera activation signal followed by an audio ti-ming 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 

war_njng device a,t• th_e .crossing. T.he :detectors were powered by batteries and 

as shown in figure 12, their construc;:tion 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 

modifJcations to the three decoders used in the laboratory study allowed them 

to be used 1n the. ,-field study .. Each decoder consisted of a command tone 

decoder- and several t-iming circuits. One decoder and one CB receiver were 

placed with each of the video recording systems. Four to 5 se.conds after the 

recorders were activated, the timing signal was received and recorded on the 

audio_ track of the vi,deotape so as to provide a known -reference point for the 

three video records. Thi.s eliminated the possibility of analysis errors due 

to any -_differences tn startup t.imes between the three systems. The recorders 

remained on for ~pproximately 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 v.ideo recording system. A detailed description of the electronic and 

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

· Equipment Setup. Each camera was located at as high an elevation and as 

far' from the centerline of the roadway as possible. Physical constraints 

limited the mounting h~ight 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 hous-ing at the top of 

the pole so is to protect it from the enviro~ment. The pole itself was 

ho1low and served ~s a conduit for the connecting cables between the camera 
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Figure 12. Train detector unit. 
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Figure 13. Pole-mounted camera installation. 
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and recorder, 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 easily 

dismantled and transported between field study sites. At the individual 

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

into place. 

All 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 

approximately 700 feet from the crossing. The cameras were aimed towards the 

crossing and had ove~lapping fields of view. This arrangement allowed for 

maximum video resolution in the areas where drivers were expected to react to 

the activated signals. A typical ·setup for the field studies is illustrated 

in figure 14. Note that. physical cooditions at the crossing required that 

one or more of the mounting poles be located on the left side of the roadway. 

In fact~, the three crossings se)ected for this study required three different 

combinations 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 

exampleJ. if each tape could store 30 to 40 tr~in arrivals and the expected 

arrival rate was 15 trains per day, tapes would have to be changed every 

other d~y. 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 ~ystem 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•~ TI-990/42 computer lab 

for processing. 

The first step in the data reduction process involved logging 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 activations 
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recorded by ail three cameras ·were ccipi e'd. onto master tapes in the order-in 
. . 

which they were observed. Acti~ations not recorded by all three cameras ~ere 

copied onto a separate ·set of master tapes. The master tapes were then 'uied 

to obtain the driver beha'viciral data of interest." 

The master tapes were replayed ori one o(·the video re'cor.ders and vi"ewe·d 

on a specially modified video moni'tor; .. The only requfrenient placed on ·the. 

recorder/playback unit by .this activity was-'that it have ttie(·capability· t:6· 
freeze action by viewing a single frame on the tape_ The recorder was con­

nected to the video·~onitoi arid i sm~ll ~lectronic 2ontrol brix that generated 

a visible marker or cross· hair'on the nio·nitor 1 s screen.' .i.set of light­

emitting di odes displayed the x-y coordin~tes of the <cross .-hair Is pos'i tion···on 

the s·creen to an accuracy of ·a ·bit~ ( one point in 12°8) ;'- · F·our push b'utt.bns · 

allowed the user to 'move 'the cross hair fo any position o'n the screen. 

When viewing the indi~idual activations (records) d~ 'the master ta~es, 

the tape was advanced' un'til the warning devices were actfvated. The ·frame 
a 

number at which this occurred was recorded and served as the reference 'poi'r1t 
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

~ates of the cross hair, and.the.picture's f~ame number we~e recoi~ed on a 

supplementary data sheet. The ·cross hair was then· moved t'o a positfo'n whi'ch 

corresponded.to a fiied distance on the toadway a~d the tape was adva~ced· 

until the identifying feature on the vehicle reached ihe ;a~e position 

whereupon the new coordinates and frame · number were recor'ded. This proce·dure 

was r~peated until the vehicle either cleared the ·crossing or st6pp~d fo~ the 

train. If the vehi~le did not stop, the tape was rew~und to the refer~ncr~ 

point and the same data were entered for the next vehicle approaching the 

crossing. These stepi were repeated until the fi~it•~tci~pi~g 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 fi'elds (1/60 of a second), speed 

was deterrili ned by usi'ng the known di stance between ·coo'rdi nates on the screen 

and dividing by the number of fields it took the vehicle to travel betweiri·~ 
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t,he se po.i nts. : ( I r:i .. the National .1. e ~ ev is ion .s~an.d? t?,s ___ co,n:!m1t.tee , for.mat, .twp_ .. 

.fi,el
0
d_s const,it,ute one frame.J. Matching physic.al di?tances on the roadway to 

' ' - • • •• ,, J • ,. • •• ' 

.c.oordi n_ates on t~e screen .was accomp li.sbed _by driving. a .test ca_r through e_ach 
, • '. l \ • • ' ' I • " • ' • • • • • • ~ 

camera's field of view at a .co.nstant .speed., The, test veh_i<;le's posi.tion w,as 
- . ' ' . . '. ' . . . 

recorded every 5 to 10 fields as it moved across the screen, and the known 

. sp_e_~c;ls and til)l,e .were used to, :caJcuJate .the. di st,ances .. for .those .coordinates . 
• '. • ' - • ' •• j • • _< •• 

To .. accour:it for use.r. .error, several -readi.~g~ ,were made -~nd .a .curve fi.tted tc;:> .· ,,, . . . ,. . . . . - , . " ,. . - . ' 

the r_esultant .data set, thus er.eating a map, .of the scr,een. , 
. . . . ,, . . '. . '. . . . ' 

·;· ~ pther ty~~~ of driver behavioral measures such ~s PB~T and the.numb~r of 

viol_ations and __ vehicles cr.ossing were manuaJly,r:ecord_ed a.s th~ mast~r tapes 
, , , • , , I _, '• , .t • • I, ,< J • 

.wer.e .being vi.ewed. _ PBRT,was.sim_ply_ the nul)lber_Qf f.i_elds betwee,n acti,vation 
0 , < " I , ,' \ ' " • L ' , , • : • • ' ' : • ~ , -,, , r • '. i , '_' 

of _the warning device.and activation o.f the vehicle's_br.ake _light.divided qy 
•, • '. ', : ~ L • ' ' ' - • • I• ; • • 1 • l • • .... I• •., • • , • ' • ' • < • 

60. Violations a~d v~hicles crossing.(i.e., CL1Q.an1 CL20) are defined in a 
• ",•', • ,' •• ' ' ' •• •' 0 ' • < • •' ' 'I '.'' • •• • ,' '< \ 

previous section and refer to the closeness of a vehicle's crossing in front 

of _the t.rain' s ,arrjv_al .. By using these definitions and. noting the .vehicle's 
'. • ' J ••• ' • • 1_ • ' 

crossing_ time,and_the train's ~rri,v,al.ti_me, ~.heir-:num_ber.a,nd.rate wef~­

ca lcul.ated. 

... ,- ' 

Summ.a".'Y . 

. . ~ . 

... □r.iyer behav~~r data .at three crossing~ ,wer_e _collected with the .use of 

-thr.e .. e _pole-mounted video cameras, with each camera covering approximately ~00 
'" • • c, I • ' . ' •' •. , , .. ',, _' I , ,'. • ,• 

fe~t_of roadway ~1th o~erlappi~g fi.elds of view .. The video record~rs were. 
• , • • •', • , • - - , 6 • ' '. ''. . . 

automatically turned on prior to the activatio~.of the warning devices.and 
'. • ' I • • • ' • •, ' ' , • 

ran.Jo~ approximat.el~ 2-1/2.to 3 .. min1Jte~., . F?r ~ach s.tudy at a parti~ul.ar. 

cross.ing, data,wer_e_collected for~ minimum of 30 train.s. One existing and 
: ' • •' : • • • / • • • > < I '• 

one .i.lT!Pcroved_conditJ_on,,s.tudy was conducted at_each nf.the three study sites . 

. Data tapes were .taken to the University's co~puter_lab .for .processing. 
• ' • • f • • ' • ' .. '. ~ • ' ·,, 

The _tap_~s were tl'.'_~ns.f_erred to and ,P,layed .back on a_ high_ quality video repro-

ductive machine that could stop action and pr.Qd1,1c_e -~equential scenes s,e~a~ 

rated by 1/60 of a second. Speed profiles were determined by using succes­

si.ve.frames and noting the distances that the .vehtcle had traveled. between 

f,ram~s ... Since _the cam.eras were fixed,. any ~oint on the v.ehicle moved on a 

surface dictate.d by the roadway. By use of an electrooic. cross hair, the 
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coord.i nates of :thi s.<reference ·point were· calculated for successive frames and­

manually recorded:· This information was used.to·.construct each. individual.­

vehicle's speed-distance pr6ftle. - . 

Other.measur.~s of driver·performance·that were obtained-included PBRJs- :-:-•-.. ,' .. ' .. 

and. viqlat.5_qn and vehicl_e crossing ·rates in. r'esponse. to device activati<;>1i .. ·>· 
. . - . ' ~ ' . ' ' . ' , . -. . 

Statistical •comparisons of these.·measures·were·made between both dev1ces,:and~-
- • • . '. ' •• r . 

condi.tions .. The general _hypotheses tested were- that instaUation-of the·se- ::: 
. . . ' ' 

.new devices. improve~ the :·co_n~pfcuity of and comp.l iance with active warning.,·:·-
. . ' '< ., ' ' , - .. 

devices at rail road-highway: grade crossings;" thus providing for safer .oper.a":·~· 

tions at the crossing. 
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IV. FIELD SITE SELECTION AND STUDY PREPARATION 

In order to evalu&te the three active wa~ning devices selected for field 
.·-·study under normal traffic conditions at existfng .. c:r'ossin'g's:;•three,ra.il.road­

: highway grade crossings wer~ necessary. Initi'ci11;·;· p.otentia'l fi~ld study 
' ' ' I ' 

:sites .. were considered from a list of candidate.cro~:s:ing·s·'.in t1hnois, Tennes-
- ' '' . 

see, and Texas; however, after careful review and s.everal 'site· ·visit·s,: it w~s 

~d~cid~d thit the more remote sites should be :~~opp~~- f~6~ iur~h~~-c~nsidera- · 

·<1:.10-ri,·. as suitable crossings existed in the Knoxvill~_area. Ben~f1ts of this 

·~ecision were the ability to minimize the cosis of ihe data c6llection'effort 

and more importantly to respond rapidly to any mech~nical ahd/or e~ectr~cal 

-_· pr_obl e·ms which might occur. This chapter describes the study sites and the 

·design, construction, and installation of the new wafning devices. 

Field Study Sites 

Fo~ a crossing to have been considered in the initial 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 active warning 

de\i·ices already in place (at least one site had to have automatic gates at 

_the crossing). Several sites which met these criteria were identified, and 

~equests for permission to use them were made to the responsible rai}road. 

Favorable response for use of three crossings in the Knoxville area was 

· received from the Southern Railway System. Each of these locations 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 

~haracteristics of these sites is contained in table 5. The following 

subsections describe the three crossings in greater detail. 

Cherry Street Crossing. The crossing (Inventory 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. 

Physical.Descriptions 

Number of Traffic 
Lanes 

Horizontal Alignment: 

Vertical,Alignment 

Sight Distance 
Obstructions 

Average Daily Traffic 

Posted Speed Limit 

Number of Tracks 

Thru Train Volume 

Train Speeds 

Number of Accidents 
(previous 5 years) 

Warning Devices 

Crossing Location 
Cherry Street Cedar Drive Ebeneezer Road 

4--2 in each 
direction 

s--straight 
_ - N--straight, 

S--level 
N--level 

N--1 quadrant 
s--none 

1( 000 ~pd 

30 mi/h 

2 

10 tpd 

20-40 mi/h 

1 

Flashing Lights, 
Bell, Automatic 

- Gates, and Pave­
ment Markings 

2--1 in each 2--1 in each 
direction direction 

E--stra i ght. __ . N--curves 
W--stra i ght ·._. ·s--curve 

E--level N--uphill 
W--downhill S--level 

E--1 quadrant N--1 quadrant 
W--2 quadrant S--2 quadrant 

14,000 vpd 10,000 vpd 

40 mi/h 40 mi/h 

1 1 

16 tpd 10 tpd 

5-40 mi/h 5-55 mi/h 

3 1 

Flashing Lights:;Flashing Lights 
Bell, and Pive-. and Bell 
ment Marki ng_s 

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 north 

-----f'::: -,· 

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 approximately 14,000 vehicles per day, 

and the average thru train volume was approximately 20 trains per day. The 

speed limit on Cherry Street was 30 mi/h, and train speeds at the crossing 

ranged fro~ 20 to 40 mi/h. Although only one car-train accident had occurred 

at this location in the past 5 years, lafge n~mbers of motorists were ob­

served driving around lowered gat~ arms at this site. This 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 quadrants. 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 flashing light sigr1als with 12-in 

roundels were installed in all four quadranti. The existing bell and rail­

road advance warning signs .were left as they were; however, the pavement 

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

Ebenezer Road Crossing.· The cro~sing (Inventory Number 731461C) se­

lected for the four-quadra~t flashing light signal system is_located in the 

western part of knox- County on Ebenezer Road. The existing active warning 

devices at the crossing were standard railro~d flashing light signals with 

8-3/8-i n roundels and a bell. It was ranke_d as the 276th most ~angerous 

crossing in the State. As shown in figure 16, the roadway was two lanes wide 

and its horizontal and vertical 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 

limit 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 north 

. 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 

lights located on the right of approaching motorists to be replaced by 12-in 

flashing lights. Two new pdst-mounted 12-in flashing lights were installed 

on the left of approaching motorists. An additional p~le for mounting the 

strobes was installed in each quadranti 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 collected_(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 

. limited a motorist 1·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 speed limit 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 £ar-train accidents that occurred at this site 

in the past 5 years, this was an extremely hazardous location. The highway 

traffic signal system with white bar strobes in front of each red signal lens 

was installed at this crossing. 

Implementation 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, be11, and pavement markings were removed. 

The railroad advance warning signs were replaced by active advance warning 
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Looking east 

Looking west 

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 fielrl evaluation 

had been operated in a laboratory environment, several improvements in their 

design were necessary before they could be installed a~ an actual crossing. 

The guidelines followed in ccrnstructing the prototypes ·for the '.riew warning 

devices were t~~t, where possibl~, they be similar ·to:a~d-in~con~ormance with 
' ·- ' : . . . ' ,',."· -:_ ·,. \ ·. :: 

existing traffic control devices, simple to maintain ~nd ctin~t~uct, and at 
least as operatio~ally rel,iable as existing active warnin.g ,devft~'s, i.e., 

fail-safe .. Thus; whenever possible, commercially available and field proven 

components were used .in each system's construction. Additioha~ benefits of 

this philosophy were thr relatively low developmeni ~ost 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 co~struction 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 additiqn, 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 
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Fi~ure 18. Four-quadrant gate and flashing light signal 
system recommended for field evaluation. 
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the two over roadway lamps. Each of these components was incorporated in the 

prototype 1 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 fromj20 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 vertical strips as 

well as the bottom horizontal bar. Thus, in addi~ion to the skirt assembly 

appearing as a more formidable obstacle than a normal gate arm 1 the addition­

al reflectorized material greatly increased the warning device 1 s conspicuity 

(the reflective surface of the gates with skirts is approximately 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 designed 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 strips. 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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Figure 19. Close-up of the skirt assembly for the four-quadrant 
gate and flashing light 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 shape 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). All 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 reliable 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 is· illustrated _in figure. 22. · As shown, 

standard post-mounted flashing light signal assembli~s 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.(ll) In additio~ to th~se standard devices, ·a re~tangular shaped 

(approximately 5 inches high by 7 inches wide) red strobe light 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 abo~e and ~t right 

angles to the traffic lanes to support the strobes. 
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Ffgure 20. Gate arms in upright position at the Cherry 
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 lights 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 tubes to be 

added at,pp 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. Mes~enger 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 polei and underneath the tracks. Powe~ for the 5trobe's operation 

was provided by a 12-volt marine b'attery which was continuously _trickle 

charged by. a :110-voit AC power.drop. The battery provided protection against 

a commercia}_power failure. 

Highway.Traffic Signal System with White Bar Strobes in All Red Lenses . 
. , 

The highway traffic 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, ~nd the remaining one was cantilevered over a traffic lane. 

Active advance warni~g signs indicating a signal ~head 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

tfon(_ll)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 between 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 yello\'f and green signal lenses were us.ed_fn t~e field instal­

lation. ln additio·n, the. far-side pole-mounted signa·l was moved to a near­

side cantiievet mount;ai ~hown in figure 25. Thus~ none-of the signal heads 

were blocked by a trainsi'.presence at the crossi"ng .. Second, to eliminate the 

possibility of the contr~ller's timing dials "st'icking in green," a National 

Electrical Manufacturers.~s~ociation eight-phase a~tuat~d controller was used 

for the field study installation. Power for t_his installation· was provided 

by a 110-volt AC power drop. Finally, to protect agains:t a ·commercial power 

failure, an automatic-start, propane-powered generator prgvided a minimum of 

24 hours of backup power. ·An exercise clock routinely recharg~d the 

generator's ignition battery so as to keep it in top operat~ng condition. 

Refueli~g and prevent1ve maintenance were done on a regular basis. Two 

additional changes were a 4-second yellow clearance interval and a IO-minute 

maximum for a solid red indication, after which the signal would change to a 

flashing red indication. This ·latter feature was intended to address the 

problems associated with stopped trains and/or detector malfunctions. 

Sunwnary 

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 identified as potential study sites. 
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Figure 25. · Highway traffic signal systein installed at- the · ,,·:,. 
Cedar Drive cros~ing. 
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V. FOUR-QUADRANT GATES WITH 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 wa~ 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 

modificationsvhave 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 bet.ter response to the new 
i . 

devices (i.e., qufcker PBRTs and lower deceleration levels) as a result of 

their greater conspicuity and more formidable appear~nce; howe~er, differ­

ences in theie performance meas~res were not expected to be as e~sy 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 crossing were standard two­

quadrant gates. Both train movement and driver behavior data were collected 

for approximately 2 months before (Maich and April 1985) and 2 month~ 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 lighting conditions; 

train 1 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 tim~ at the 

crossing and was similar to.the level-of-service c~iteria for average delay 

at signalized intersections presented in the 1985 Highway Capacity 

Manual_( 4B) 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 activation of the flashing light 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 arral~zed. 

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 

differences were not statistically significant at the 95 percent confidence 

level for either the day, night, or total data sets.< 44 ) Thi~ 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 there 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-quadrant gates or. four-quadrant gates with skirts. 
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Table 6. Warning times at the Cherry Street crossing. 1 

,/ 

Two-Quadrant Gates Four-Quadrant Gates with Skirts 
Summary Statistics Day Night Total Day Night Total 

Sample Size 71 34 105 30 34 64 

Mean <seconds) 55.81 61.49 57.65 51.64 60.06 56.11 

Standard Deviation 14.05 19.80 16.26 8.58 16.16 13.73 

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

Two-Quadrant Gates Four-Quadrant Gates with Skirts 
Warning Time Observed Train Percent of Cumulative Observed Percent of Cumulative 

(seconds) Arrivals Total Arrivals Percentage Train Arnvals Total Arrivals Percentage 

....... <20 0 0.0 0.0 0 0.0 0.0 , w 
20-30 2 1. 9 1. 9 0 0.0 0.0 

30-40 12 11.4 13.3 2 3.1 3.1 

40-50 16 15.2 28.5 23 36.0 39.1 

50-60 39 37.2 65.7 22 34.4 73.5 

60-90 33 31.4 97.1 16 25.0 98.5 

>90 3 2.9 100.0 1 1.5 100.0 

Total · 105 64 

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



It was hypothesized that the warning times observed at a railroad~ 
highway grade crossing hav~ 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 tim&s at a 

railroad-highway grade crossing from.the driver's perspective; however, . ' . . . . . ' ' 

level-of-service concepts have been well established fn 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 
· (48) developed for active warning devices at grade crossings. The proposed 

criteria are shown in table 7. The levels of service are based on the 
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 unreas6na~le assumption given the fact that at both a signalized 

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 m1n1mum warning time currently·· 

required by the MUTCD, and 60 seconds is defined by the ,1985 !!1~h~ay Capacity 
. . (11 48) 

Manual as the limit of acceptable delay to most motorists. • These two 

points clearly define the limits of .adequate or acceptable~mot6rist service, 
i.e., warning times less than 20 seconds are inadequate (as currently 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 level of service Dor 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 explain why so many motorists drove 

around the lowered two-quadrant gate arms. In other words, the warning times 
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Level 

Ta~le,7. ,Proposed level of. service ariteria for railroad 
.... hig~'.n'~Y.grade crossings .. 

of Service · Warning Tiirie'Category Before Tra1n's Arrivil 1 

Inadequate 2 <20 
.. 

A De.si rabl e 20 to 30 

B . ':'. ,Marginal·. 30 to 40 i. ·-

' j 

'C · Poor 40 to 50 

D Maximum 50 to 60 
' . 

F· . _· Unacceptable~ >60 

1Average time (in seconds) between activation of the flashing light 
signals-:and the·tr~in\s,arrival at_ the crossing. : · 

:z,20 second~ is ·the' minimum warning tin1E(a·llowed by the MUTCD. 
,c~ :• \ ,,, • 

3 60 seconds is the limit of acceptable delay to most motorists as 
defined by the 1985'Highway Capacfty'Manual. 

' ' 
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were perceived as unacceptable (too long) and the motorists performed.in an 

unacceptable ( dangerous and illegal) manner by driving around the .1 owe red 
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 cro~stng~ 

As the four-quadrant gates with skirts prohibit driving around the gates by 

physically blocking the roadway, their installation should result inis1gn1f1-
cantly longer clearance times. In other words, if motorists could driv~; 
around the gate arms, they could cross closer to the train's arrival _at_the 
crossing. This additional temporal separation between cars and trains 1s a 

definite safety benefit of the four-quadrant gate system: 

Clearance times were only recorded· for those arrivals in which a ~eh1cle 
arrived at the crossing between the ,ctivation of the flashing l.ight 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 times·: 
•,, 'a 

will always be less than or equal to the number of train arrival~. As .shown~ 
in table 8, 90 clearance times were observed in the before study (two-quad­

rant gates) and 29 clearance.times were observed in the after study:(fo~r­
quadrant gates with skirts). As with the warning time data set, thetotal 

data from each study were subdivided into observations that occurred;,dur1ng 
the day and observations that o·ccurred du~i ng the night to ensure that 
similar train and traffic volume conditions were compared. Thes·e t~~, s~b­
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 longer during the afterstudy, 
•, 

indicating greater temporal separation between vehicles and trai'ns. A~di-
tionally, the Mann-Whitney U test for two independent, continuously distrib­

uted populations indicated that these differences were statistically sf~n1f1-

cant at the 99 percent confidence leve1.< 44 ) This means that installation of 

the four-quadrant gates with skirts significantly increased the average.time 

between the last vehicle to cross and the train' s arriva:·1 at ihe crossing 

(from 24.5 seconds to 48.9 seconds). In addition to being.st~t1st1callj 

significant, this change in driver performance was
0

large enough to be 
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Table 8. Clearance times at the Cherry Street crossing. 1 

" . " 

-, .. 
Two-Quadrant Gates . Four-Quadrant Gates with Skirts 

\ 

Summary ·Statistics Day Night Total Day Night Total 

Sa11ple Size' 70 20 .• 90 18 11 29 . 

Hean (seconds) 23.96 26.62 24.55 . 44.39 · 56.27 48.90 

Standard Deviation 11.18 17.23 12.71 ~.10 - 16.27 13.39 
' Percent" <20 Seconds - 4},4. 35.o: . 40;0 0.0 0.0 0.0 

Percent <10 Seconds 5.7 5.0 . 5.6 o:o o:o 0.0 

Range <seconds) 6-62 4-72 4-72 34-68 34-81 34-81 

.Two-Quadrant Gates Four-Quadrant Gates with Skirts 
Clearance Time Observed Train Percent of Cumulative Observed .. Percent .of Cumulative 

-....J 
-....J 

(seconds). Arrivals Total Arrivals Percentage· Train Arrivals Total Arrivals Percentage 

<10 5 5.6 5.6 0 0.0 0.0 

10-20 31 34.4 40.0 0 0.0 0.0 

20-30 36 40.1 80.l 0 0.0 0.0 

>30 18 19.9 100.0 29 100.0 100.0. 

Total 90 29. 

1Time between last vehicle to cross and the trains· arrival· at the cros;ing. 
2Includes only those observations in which vehicles were present before the train's arrival., 



considered meaningful from a practical point of view. This finding is shown 

cl early in• the i 11 ustrat ion of· the frequency and cumulative' frequency di stri­

but ions of the clearance times from the two data sets in figure 26. The 

·Mann-Whitney·U test failed io indicate a statistically sig~ificant 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 ni.ght operation 

for either the two-quadrant gates or four~quadrant gates w1t~ skirts. 

It was hypothesized that even though warning times have a major influ­

ence on driver performance, a small percentage of drivers ~ould exhibit 

undesirable (dangerous or illegal) behavior no matt~r how ihrirt the warning 

times were. This type of behavior i~ similar to that. of those drivers who 

exceed properly set speed liml~s. In other words, there.will always be a few 

drivers who will take risks at railroad-highway gtad~:trd~si~gs just as there 
; ~ :., 

will always be a few d~iver~~ho take risks at regular intersections as well 

as on the open highway. The problem then becomes one of defining risky 

behavior. To solve this problem, four categories of driver performance and 

associated clear~nce times were defined-as follows: 
.. 

• Risky--less than 10·seconds. 

• Aggress~~e~-from 10 to 20 seconds. 

• Normal--from 20 to 30 seconds. 

• Cautious~-greater than 30 seconds: 

Risky behavior represents a level of driv~!' performance _in which there 
.... ' ,•. 

is little, if any, room for error. A judgmental mistake by thej:lriver or a 

mechanical fa·ilure by the vehicle will probably result in an acc-ident. 

Aggressive behavior represents a level 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 crossing will probably still alloi-t1m~ for most drivers 
to clear safely; rowever, vehicle~ that· 'stall or ha·~-~---p~-~-r acceleration 

characteristics may be involved tn .an accident. The MUTCD appears to address 

this point by current_ly requi ri rig a mi nim.~m wa'.n ~ ng. ti me of 20 sec?~.ds. 
Normal behavior represents a level of driver performante '.in which most 

reasonable and prudent drivers fall. Most minor judgmental mistakes and 
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Figure· 26. Fre~uency and cumulative frequency distributioni of the 
observed clearance times at the Cherry Street crossing. 

79 



poorly accelerating vehicles will not result in an accident. Cautious 

behavior represents a level of dtiver performance in wht~h drivers probably 

rely totally on the warning device ~nd not on their own judgement of the· 

train's arrival at the crossing. 

Using the preceding definitions, 40.0 peicent of' the clearance times in 

the before study (see table 8) were classified as either ris~ or aggressive, 

whereas in the after study, no clearance times were classified in these 

categories. In fa~t, 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 population. Instead, as stated previously, it is a result 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 ~ere forced to rely on the warning device. In other words,· the 

potential for drivers to make a judgement as to whether or ·not it was safe to 

cro~s ~as r~moved from their possible set of options. Reliance on active· 

warriing devices is ~specially importa~t at crossings with limited sight 

distance, high-speed trains, and m~ltiple tracks because it is at these 

locations that drivers often make mistakes in judgement. How~Ver, to avoid· 

unnecessarily delaying ·drivers at these crossings and to reduce ris~ and/or 

aggressive behavior, it is imperative that the warning devices operate reli­

ably and at as high a level of service as possiblP.. 

Approach Measur~s 

Speed Profiles.·• The average speed at which drivers approached th~ 

Cherry Street crossing whenever the warning devices were activated could or 

could not be different after the installation of the four-quadrant gates with 

skirts. Hypothetically, the greater conspicuity and more imposing presence 

of the four-quadrant gates with skirts should cause drivers to see them 

earlier and slow down sooner. Eve~ if this behavi6r change occurred it.may 

not be large enough to be statistically significant. If 1t is statistically 

significant, it still might not be large enough to be practically significant 

(i.e., a difference in speeds of one or two miles per hour might be stati~ti­

cally significant because of a large sample size; however, from a practical 

standpoint, such a difference would be meaningless)_( 49 ) 
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In order to compare characteristics of similar vehicles, approach speed 

profiles for the f~rst .vehicle to stop at the crossing in b.oth the before and 

after studies were p.lotted as shown in figure 2_7. Each data point represents 

average speeds over SO-foot sections of roadway. in advance of the stop bar at 

the crossing, and are plotted at the midpoint of the section. As mentioned 

earli~r, data in the range of 50 to 200 feet from the stop bar were ob~ained 

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 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 obse~vatjons can be made concerning the average approach speed 

profiles 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 slowi_ng down or at lea.st 

maintaining their speed in response to the four-quadr~nt gates with skirts. 

As a result, an investigation into why drivers speeded up was begun. In .the 

after 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_ speed~ of the first vehicle to stop in the before study would be 

chara~terized as constrained . 

. Because of the unanticipated difference in stimuli and conditions, it 

was not surprising that the average approach speed.s 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 j:,rof'i lei's'. appe'areif to pose no safety 'probi-em ·for ap'proachi ng 

motorists. 

Perception-Brake Reactio~ Time·~nd Deceleration. PBRT wa~ defined as 

th~ difference in time between activation of the flashing ltght iignals and 

the illumination of the vehicle's brake lights,_ It was expected that the 
' '' 

greater conspicuity and more imposing presence of the four-q~adr~~t gates 

with skirts would cause m~torists.to brake sooner and, as a result, slow down 

more gradually. !~_was also expected that if these differe~ces a,d exist, 
_,., 

they would be sm_all and very difficult to measure. To comp~und (~is problem, 
", . ' ' ' 

braking for a.flashing light signal is· a·n unexpected event and: does not 

represent? pressure situation unless a.-tra-in .is.also· visible. Thus, driver 

response. ~as expected to be highly variable . 

. - Averag·e:PBRTs in· response,-to the acfivation of the flashing light 

signals at the Cherry Street cros'sfhg were'·]a··.·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-Whitney U test, were not statistically significant at 
the 95 perte·nt' "confi.dence: l eve·,. (~_4J ,These long reaction times confirm the 

premise that brak i n:g in-. ~espo~-se to· a .·fl ~s-hi ng 1 i ~h~ s i
0

gna 1 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 ft, or simply approaching a recognized 

railroad-highway grade crossing. 

In terms of deceleration, the Traffic Engineering Handbook defines 

several deceleration categories as follows:< 27 ) 
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1. Emergency--greater than 20 ft/s 2. 

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

3. Uncomfortable--11 to 14 ft/s 2. 

4. Undesirable--8 to 11 ft/s2. 

5. Practical--less than 8 ft/s 2 . 
. ' 

Previous studies have concluded that nearly all drivers approaching an 

activated-flashing light signal decelerate to a stop at ·a practical lev-
(2J·Ny .. ·. . 

el. '. The drivers approaching the Cherry Street crossing were no 

different ... In the before study, only 5 percent of the vehicles exceeded a 

practi:cal_de:ce~e-ration level while they were stopping, and in the after 
study, 12 ·p.ercent of the vehicles did so. In both cases, none of the vehi-.:. 

. ' . , '' .· .. 
cles e~teeded a~ undesirable deceleration. These differences are small and -~-

any difference~ which exist ar~ probably the result of the differences in 

stimuli for the first vehicle which stopped in each of the two studies; in 

the af~er stud~, they may have stopped in response to the activation of the 
... 

warning dev1c~_s,. whereas in the before study, t_hey __ _T~Y have been traveling 
more slowly and stopping more gradually because ~f ~lower ~oving vehicles i~ 

front of the~. However, in neither study did the maximum observed decelera~· 

tions indicate a potential safety problem. 

Safety Measures 

Violations. At a crossing with gates, violations occur whenever motor­

ists drive around the gate arms in the down position. As stated previously",::: 

many motorists drove around the lowered two-quadrant gates at the Cherry 

Street crossin[ even though it was illegal to do so. Installation of the 

four-quadrant gates with skirts was expected to eliminate this apparent 

disregard for the warning devices by completely blocking the roadway and 

making it physically impossible to drive around lowered gate arms. 

. - .. 
r • .• 

Table 9 shows the number of violations observed at the Cherry Street· 

crossing. 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 

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 

Summary Statistics 

Sample Size' 

Mean <vehicles) 

Standard Deviation 

Percent >O V1clat1ons 

Percent >l V1olat1on 

Range (vehicles) 

Violations 
<vehicles) 
--

0 

1 

2 

3 

>3 

Day 

71 

2.76 

2.40 

87.3 

67.6 

0-14 

Number of 
Observations 

15 

20 

18 

17 

23 

Total 93 

Two-Q!!_adrant Gates 
Night 

22 

2.09 

2.29 

72. 7 

45.5 

0-9 

Two-Q!!_adrant Gates 
Percent of 

Observations 

16.1 

21.5 

19.4 

18.3 

24.7 

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

Total 

93 

2.60 

2.38 

83. 9 

62.4 

0-14 

Cumulative 
Percentage 

16.1 

37.6 

57.0 

75.3 

100.0 

Four-Quadrant Gates with Skirts 
Day Night Total 

28 25 53 

0.00 _, 0.00 0.00 

0,00 0.00 0.00 

0.0 0.0 0.0 

0.0 0.0 0.0 

0-0 0-0 0-0 

Four-Q!!_adrant Gates with Skirts 
Observed Percent of Cumulative 

Train Arrivals Total Arrivals Percentage 

53 100.0 100.0 

0 0.0 100.0 

0 0.0 100.0 

0 0.0 100.0 

0 0.0 100.0 

53 

2Includes 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. Although it 

is fairly obvious that these differences were significant, a Pearson 1·s 

chi..;square statistic calculated from a 2 by 5 contingency table (two studies 

by five violation rate categories) indicated that 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 violations per train arrival would.increase with an inirease ·in 

warning time. These data are shown in table 10 and illustrated in figure 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 motorists drove around the gates,. and when the warnj~g 

times were longer than 60 seconds (level of service F), three or more motor­

ists drove around the gates. Thus, a 40- to SO-second warni~g ti~e 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 signals 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., 

Warning Observed Average Violations 
Study Time (Sec.) 1 Train Arrfva 1 s2 ( per Arrival) 

Two-Quad_rant <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. 

2 Includes only those observations in which vehicles were present. 
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Table 11. Vehicle crossings at the Cherry Street crossing. 1 

Two-Quadrant Gates Four-Quadrant Gates with Skirts 
Summary Statistics Day Night Total Day Night Total 

Sample Size 2 71 22 93 28 25 53 

Mean (vehicles) 4.32 2.95 4.01 1.50 0.72 1.13 

Standard Deviation 2.93 2.87 2.96 1.50 0.98 1.33 

Percent >O Violations 98.b 90.9 96.8 64.3 44.0 54.7 

Percent >l Violation 88. 7 63.6 82.8 42.9 20.0 32 .1 

Range <vehicles> 0-19 0-,11 0-19 0-5 0-3 0-5 

Two-Quadrant Gates Four-Quadrant Gates with Skirts 
OJ Crossings Observed Percent of Cumulative Observed Percent of Cumulative 
I.O (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 7 13.2 94.3 

>4 47 50.5 100.0 3 5.7 100.0 

Total 93 53 

1Vehicles driving around a lowered gate arm at the crossing. 
2Includes 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 fairly obvious that these differences 

were significant. This observation was verified by the results of the Mann­

Whitney U test and a Pearson's Chi-square 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-quadrant 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 much, room 

for driver and/or vehicular error. Because motorists had to drive· around 

lowered gate arms in orde~ 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.(ll) 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 thes~ differences were significant at the 95 
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Table 12. CL20s at the Cherry Street cross1ng. 1 

Two-Ouadrant Gates Four-Quadrant Gates with Skirts 
SUIIDlary Statistics Day Night Total Day Night Total 

Sa11ple Size' 71 22 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 >O Violations 42.3 36.4 40.9 0,0 0.0 0.0 

Percent.?! Violation 12.7 9. l 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 
ID CL20s Observed Percent of Cumulative Observed Percent of Cumulative .... (vehicles) Train Arrivals Total Arrivals Percentage . Train Arrivals Total Arrivals Percentage 

0 55 59.l 59.l 53 100.0 100.0 

1 27 29.0 88.l 0 0.0 100.0 

2 6 6.5 94.6 0 0.0 100.0 

3 3 3.2 97.8 0 0.0 100.0 

>3 2 2.2 100.0 0 0.0 100.0 

Total 93 53 

1vehicles driving around a lowered gate arm at the crossing. 
2rncludes 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. In 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 (CLIO). 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 

(CLIO). It was anticipat:ed 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 CLlOs (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. CLl0s at the Cherry Street crossing. 1 

Two-Quadrant Gates Four-Quadrant Gates with Skirts 
Summary Statistics Day Night Total Day Night Total 

Sample Size 2 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 
<.D 
w 

1Vehicle's crossing within 10 seconds of the train's arrival. 
2 Includes only those observations in which vehicles were present prior to the train's arrival. 



Sunnary 

The average warning times at the Cherry Street crossing are near the 
limit 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 11 blocked, 11 

many drivers disregarded the two-quadrant gates at the crossing by driving 
around lowered gate arms. 

With the installation of four-quadrant gates 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 ~n the crossing's level of ·ser~ice, 
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 esRecially 
important at crossings with limited sight dista'nce, high-speed trains, and/or 
multiple tracks. 
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VI. FOUR-QUADRANT Fl.ASHING LIGHT SIGNALS WITH OVERHEAD STROBES 

The approach roadway's horizontal and vertical alignments limit visibil­

ity of the Ebenezer Road crossing from both directions. Thus, the visibility 
of standard two-quadrant flashing 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 flashing light signals with 

overhead strobes was an earlier reaction .to the acti~e warning devi~es. As a 

result of this expected change in behavior, the approach speeds were expected 
. ' ' . - .' . ;, 

to be slower, the brake reaction times.were expected to _be quicker,_and .. the 

deceleration levels were expected to.be more gradual. However, as previously 
discussed, differences in these driver performa~ce measures are not easy to 

quantify, and the related safety benefits are not straightforward. 

Driver behavior at the crossing itself (i.e., clearance times, viol.ation 

rates, and vehicle crossing rates) was not expected to change, as the ne~ 

device neither changed the train detection system nor physi~ally ~locked the 

roadway. It should be noted that there was a fundamental difference in the 

definition of a violation at crossings with flashing light 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 crossing 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 light 

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 light 

signals with overhead strobes changed with time, i.e., a learning effect. 

Thus, the results from the Ebenezer Road crossing will be reported as three 

~tudies--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 anilyzed. 

This chapter describes the evaluation of the two active warning device~ 

at the Ebenezer Road crossing, i.e., the original two-quadrant flashing light 

• signals and the subsequent four-quadrant flashing light signals with overhe~d 

strobes. The first part in this process was an assessment of the level of 

service 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 

level 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 practic~l standpoint. 

Third, the safety implications of utilizing four-quadrant flashing light 

signals with overhead strobes are discussed. 

Crossing Measures 

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

between activatio~ of the flashing light signals and the train 1 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 crosiing. As there were no changes to the train detection syitem 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 light 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 light signals with 

overhead strobes had no effect on the warning times at the crossing. The 

Kruskal-Wallis test also indicated that there was not a statistically signif­

i.cant 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 t.wo-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 dangerous 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 crossing. 1 

.flashing Light Signals 
Flashing Light Signal 

with Strobes (Sering 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.l 40.8 36.3 38.3 36.7 4i.O 43.4 ~l. 6 

Standard Dev1at1on 15.6 11.l 14.~ 7.1 4.7 6.6 10.0 22.~ 13. 7 

Range (seconds) 24-153 26-106 24-153 19-45 36-47 19-47 14-62 82-116 14-li6 

Flashing Light Signals 
Flashing Light Signal 

with Strobes <Sering 1986) 
Flashing Light Signals 

with Strobes (Summer 1986) 
I.O Warning Time~ Observed Train Percent of Cumulative Observed Train Percent of Cumulative Observed Train Percent of Cumulative 
00 <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 87.5 

50-60 6 3.9 94.3 0 0.0 100.0 4 7.1 94.6 

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 l 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.g., few dangerous 

or illegal maneuvers) and that, because th.2 warning times did not change 

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

between studies. 

Clearance 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 temporal 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 

signals 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 sfgnals 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 wefe 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 

Flashing Light Signals-
Flashing Litt Signals 

with Strobes < ~ring 1986) 
Summary Statistics Day Night Total Day Night Total 

Sample Size2 92 17 109 15 3 18 

Mean <seconds) 19. l 27.9 20.5 19.1 19.1 19.1 

Standard Deviation a " ~. ':" 20.5 12.4 6.9 17.3 8.6 

Percent <20 seconds 66.3 41. 2 62.4 53.3 56.7 55.6 

Percent <10 seconds 12.0 5.9 11.0 0.0 33.3 5.6 . 

Range <seconds) 7-64 8-99 7-99 10-31 4-38 4-38 

Flashing Light Signals 
Flashing Li~t Signals 

with Strobes ( ring 1986) 
Clearance Times Observed Train Percent of Cumulative Observed Train Percent of Cumulative 
<seconds) Arrivals Total Arrivals Percentage Arrivals Total Arrivals Percentage 

<10 12 11.0 11.0 1 5.6 5.6 

10-20 56 51:4 62.4 9 50.0 55.6 

20-30 26 23.9 86.2 6 33.3 88.9 

>30 15 13.8 100.0 2 11.l . 100.0 

Total 109 18 

1Time 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 Strobes (Summer 1986) 

Day Night Total 

38 . 7 45 

14.3 27.2 16.3 

6.3 6.0 7.8 

86.8 B.3 75.6 

23.7 O.C 20.0 

5-36 18-37 5-37 

Flashing Light Signals 
with Strobes <Summer 1986) 

Observed Train Percent of Cumulative 
Arrivals Total Arrivals Percentage 

9 20.0 20.0 

25 55.6 75.6 

8 17.8 93.4 

3 6.6 100.0 

45 



, 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. Cautious--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. 

Interesti~gly, 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 average speed at which drivers approached the 

Ebenezer Road crossing whenever the warning devices were activated may or may 
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Figure;29. Frequency and cumulative frequency distributions of observed 
clearance times at the Ebenezer Roa.d crossing. 
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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 warning devices earlier 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 statistically significant, 

it still might not be large enough to be meaningful from a pra~tical point of 

view. In addition, the safety benefits of such a speed change are not easily 

quantified. 

In order to compare characteristi.cs of similar vehicles, approach speed 

profiles 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 SO-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 fro~ 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 obi~rvations cari be made concerning th~ average approach speed 

profiles 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 lo~er ihan 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; 
r 

for practical purposes, they were the same. In other words, even if the 

differences were statistically significant, they were so small th~t they were 

not meaningful from a practical point of view:{ 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. 

Perception-Brake Reaction Time and Deceleration. PBRT was defined as 
. . 

the difference in time between activation of the flashing light signals and 

the illumination of a vehicle's brake lights. It wa~ expected t~at the 

greater conspicuity of the four-quadrant flashing light signals with overhead 

strobes would cause motorists to brake sooner and as a result decelerate more 

gradually. It was also expected that if these difference,s did exist, they 

would be very small and difficult to measure. To compound this problem, 

braking for a flashing light sig~al is Jn unexpected_event but does not 
' 

represent a pressure situation unless a train is als9 visible. Thus, driver 

response can'be relati~ely long and highly _variable. 

Average brake reaction times in response to the activation of the 

flashing ligh't signals_ at the Ebenez·er 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-Wallts test indicated that these differences were not. large enough to 

be statistically significant at the 9~ percent confidence leve~.< 44 ) This 

means that installation of the flashing light signals with overhead strobes 

had no measurable effect on the PBRT of approaching motorists. As at 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 

deceleration level, again indiciting 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 dec~lerations., 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 light 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 light signal systems. Even if 

the number of violations had been counted, installation of the four-quadrant 

flashing light signals with overhead strobes was not expected to change their 

frequen~y of occurrence because there were no changes to either the train 

detection system or the crossing itself 

Vehicles Crossing. The average number of vehicles crossing 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 had five or more vehicles crossing after the flashing 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 crossing 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 si1nals 

with Strobes <Spring 986) 
Flashing Light Signals 

with Strobes <Summer 1986) 
Summary Statistics Day Night Total Day Night Total Day Night Total 

Sample Size2 101 22 123 16 4 20 42 · T 49 

Mean <vehicles) 3.83 1.59 3.43 2 .81 1.25 2.50 4.24 2.71 4.02 

Standard Deviation 3.41 1.37. 3.26 1. 64 1. 26 1. 67 2.82 1.38 2.70 

Percent >O Crossings 91. l 77.3 88.6 93.8 75.0 90.0 90.5 100.0 91.8 

Percent >l Crossing 74.3 45.5 69.l 81.3 25.0 70.0 81.0 71. l: 79.5 

Range (vehicles) 0-21 0-5 0-21 0-6 0-3 0-6 0-11 1-4 0-11 

...... Flashing Light Sifnals Flashing Light Signals 
0 Flashing Light Signals with Strobes (Spring 986) with Strobes <Swnmer 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 11.4 11.4 2 10.0 10;0 4 8.2 8.2 

1 24 19.5 30.9 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 

>4 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 cros~ing. 
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 A~efage No. Crossing 
Study Time (Sec. ) 1 Train Arrivals 2 ,(per Arrival) 

Flashing Light <20 0 -
Signals 20-30 7 1.29 

30-40. 63 2.79 
40-50 38 3.82 
50-60 6 3.83 
60-90 6 7.00 

:>90 3 9.00 
Total 123 

Flashing Light <20 1 0.00 
Signals with · 20-30 
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 
Total 49 

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

2 lncludes only those observation~ in which vehicles we~e 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 

danger, the great~r the number who have to make the detision 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 aggressive behavior, i.e., there is some, but not much, room 

for driver and/or vehicular error. Although such behavior is not illegal, it 
represents those drivers who choose to cross within the 20-second minimum 
warning time presently required by the MUTCD.(ll) Installation of the 

four-quadrant flashing light 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 level. ( 44 ) Thus, as expected, 

installation of the four-quadrant flashing light 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 dis.tribution of the observed CL20s at the Ebenezer Road 
crossing is ~lso 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 1s~ CL20s at the Ebenezer Road cross1ng. 1 

Flashing Light Signals 
Flashin~Li1ht Signals 

with Stro s Sering 1986) 
Flashing Light Signals 

with Strobes (Summer 1986) 
Summary statistics Day Night Total Day Night 'l'otal Day Night Total 

Sample Size2 101 22 123 16 4 20 42 7 49 

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 >O Violations 70.3 31.8 55.3 50.0 50.0 50.0 78.6 28.6 71.4 

Percent >l 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 

...... Flasbin~Li1ht Signals Flashing Light Signals 

...... Flashing Light Signals with Stro s Spring 1986) with Strobes (Summer 1986) ...... 
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 55 44.7 44.7 10 50.0 50.0 14 28.6 28.6 

1 30 24.4 69.1 5 25.0 75.0 15 30.6 59.2 

2 20 16.3 85.4 3 15.0 90.0 12 24.5 83.7 

3 10 8.1 93.5 2 10.0 100.0 2 4.1 87.8 

>3 8 6.5 100.0 0 0.0 100.0 6 12.2 100.0 

Total 123 20 49 

1Vehicles 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 jhown in table 19. As mentioned previously, and as shown in the 

table, most. of the observed warning times were in the 30- to SO-second range. . ' . ,, . ~ 

This left very few o~servations. in the other warning time ranges and preclud­

ed ~ny development of trends. An additional complication in the development 

of relati~nship~ was the. fact that the time available for CL20s to occur did 

not 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.ra~ge, 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 

st:Jdi~s. 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 

grode crossing should be.(11) 

Crossings Less Than 10 Seconds (CLlO). 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 dfiver 

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 CLlOs (12 single CLlOs and 1 double CLlO) 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 CLlOs (11 single CLlOs and 1 double CLIO) occurred during the day and 

1 CLIO occured at night. In fact, in at least on~ (ase, two motorists 

crossed the tracks within 10 seconds of a train's arrival. Because the small 

number of observed CLlOs (risky benavior) in the two after studies did not 
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Table 19. Effects of warning·times on CL20:r~tes at· 
the Ebenezet Road crbssing. • 

Warning . : . Observed , .. · Average CL.2_0s ·_· . . 

- Study Ti me (Sec. ) 1 Train Arr·1vals.2
··:--- ( pe·r ·Arrival) · 

Flashing Light <20 0 
Signals 20-30 7 0. 57 . 

30-40 63 1. 27 
40-50 38 1.16 
50-60 6 0.17 
60-90 6 0.67 

>90 3 2.33 
Total 123 

Flashing Light <20 1 0.00 
Signals with 20-30 
Strobes 30-40 13 1.00 · 
(Spring 1986) 40-50 6 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 ai the 
crossing. 

2 Includes only those observations in which vehicles were present. 
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Table 20. CLlOs at ~he Ebenezer Road crossing. 1 

Flashing Light Signals 
, Flashing Li~ht Signals 

with Stro es sering 1986> 
Flashing•Light Signals 

with Strobes JSummer 1986) · 
Summary Statistics Day Night Total Day Night Total Day Night Total 

Sample Size 101 22 123 16 4 20 42' -'. 7 49 

Mean (vehicles) 0.13 0.05 0.11 0.00 0.25 0.05 0.26 .0.00 0.22 

Standard Dev1at1on 0.37 0.21 1.34 : 0.00 0.50 0.22 0.54 . 0.60 ·o.51. 

Percent with Conflicts l~.9 4.6 10.6 0.0. 25.0 •5.0 . 21.? :o.o 18.4" 

Range (vehicles) 0-2 0-1 0~2 0-0 0-1 0-1 0-.2 • o-o· 0-2 

0 CLlOs/ Arn val 89 21 ll0 16 3 19 33 · . 7 40 

...... 1 CLl0s/Arrival ll l . 12 0 1 1 7. :o ·7 

...... 
~ 2 CLl0s/Arrival 1 0 r 0 0 0 2: <0 2 

1Veh~cles crossing within 10 seconds of the train's arrival ~t th·e crossing. · · 
2rncludes only those observations in which vehicles were present prior to· the train's arri~al. _ 



allow meaningful statistical comparisons to be made between the three stud­

ies, the two after studies were combined and compared to t~e before study. 

Thus, a total of 12 CLlOs 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 table. indicated that the observed CLlOs ih the 

before (two-quadrant flashing light signals) and after (four-qu~drant flash­

ing light signals with overhead strobes) data sets were not signifi~antly 

different at the 95 percent confidence level. It is intere'sting·to ,note, 

however, that 24 of the 26 observed CLlOs occurred during the day. The 

obvious conclusion is that CLlOs were_more likely to occur during this period . . 
of time; however, the reasons why are not so clear. 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 b~cause there are fewer of them 

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

One interesting obseivation from this data set is that the CLIO rates 

and percentages were more than twice as high at Ebenezer Road than they were 

at Cherry Street with two-quadrant gates. Even though driver performance 

measures at the two crossings are not directly comparable because of differ­

ences in location, crossing s~rfaces, and warning devices, on~ point is worth 

mentioning--the maximum train speeds at the Ebenezer Road crossing are almost 

twice as high as at the Cherry 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 arrival at the crossing. 

Summary 

The active warning devices at the Ebenezer Road crossi~g 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 light signals wit~ 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 

decel_eration levels were expected to change. Unfortunatelx, a number of 

additi.onal variables such as horizontal and vertical alignment added extran-
t I• 

eous vari abfl i ty i n_.the measurement process .. This vari abfl i ty was so great 

that ft may have hidden any positive or negative effects on driver behavior 
I i " , 

that might have occurred. From the data collected and analyzed, four-
• .f ' •• • 

quadrant flashing light signals with overhead _strobes had no d~scernible. 

effect on driver behavior at the Ebenezer Road crossing; driver behavior was 
I 

essentially the same as when standard flashing light signals were used ~nd no 

q!Jantifiable improvements in safety could be ascertained. 
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VII. HIGHWAY TRAFFIC SIGNAL 

' The Cedar Drivj trossin~ had ~~v~r~ safety probl~ms as evidenced-by its 

~igh hazard"rank1n~ (31st mosi dangero~s crossing in the St~te) and the three 

car-train iccidents that occurred at this site during the past 5 yeafs. It 

was hypoth~sized th~t th~se safety.problemi were due to i combinatlo~ of 

relativ~ly high t~a~n and traffic volumes, "limited §ight dista~ce ~t the 

cro~sing, ~nd long warning tim~s ~esultirig in ~umero~s ~otciri~ti cr6ssiMg in 

front of approaching trains. Because highway traffic ~{gnal~ have a rela-

tively high level of driver credibility and respect, their installation at· 

the Cedar Drive crossing was expected to discourage motorists 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. However, 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 between 
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 credibility 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 light 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 Drive crossing 

during April 1986. Prior to this time, the active warning devices at the 

crossing were standard two-quadrant flashing light signals. Because it was 

felt that long warning times at this trossing might lessen the traffic 

signal 1 s credibility, predictors were installed during November 1985 to 

provide shorter and more consistent warning times. Both train movement and 

driver behavior data were collected for approximately 2 months before the 

predictors were installed (May and June 1985), 2 months after the predictors 

were inst~lled and before the highway traffic signals were installed (Febru­

ary and March 1986), and 2 months after the highway traffic signals were. 

installed (July and August 1986). The results from the Cedar Drive crossing 

will be reported as three studies--first before study (flashing light 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 lighting conditions; train's 

direction of travel and warning time; and approaching vehicle's clearance 

time, speed profile, and PBRT were recorded and subsequently analyzed. 

This chapter describes the evaluation of the three combinations of 

active warning devices 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 warning devices w~re operating. As before, this determination, 

based on average waiting time at the crossing, was similar to the level­

of-service criteria for average delay at signalized 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 

,-: ;-··warning Time. Warning time was defined' as the difference in time 

between activation of either the flashing light signals or the highway 

traffic signals' yellow and the train's arrival at the crossing. It is the 

same.as-the maxi~um amou'nt of time a motorist would have to waft between 

~itivation 6f the warni~g devic~s and the train's'arrival at the crossing. 

···tt was expected that the installation of the predictors at.the ·cedar Drive 

croi~in~ would ~esult in shorter and mo~e consisteni warning.times. In other 
. . 

words, the warning times should be shorter in the second before study (four-

~uadrant flashing light signals with predictors) ihan they were in the first 

6efore st~dy {four-q~adrant flashing light signals with~ut predictors). 

~bwever, beca~se the same predictors were used·in-the t~o lat~er studies, 

"there should have been·no differences in the warning times between the second 

bifofe study and the aft~r study (highway traffic signal~ wit~ predict~rs). 

T6 verify ~hese premises, the total data set from·each ~t~dy was subdi­

'Vided into observations that occurred during' the day and observations that 

occu~red during thi night to ensure that similar train and traffic volume 

conditions were compared: These two subsets, together with the total data 
. ' , .. , . 

~et, were ihen an~lyz~d. As shown in table 21, the mean ~arning time from 

~il ihree data-subse~i ~as significantly longer in the first before st~dy. 
. ·-

The mean warning ti~e 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 Kruska l-Wa 11 is test for two or more independent, cont i riuous ly 

distributed populations indicated that these differences were statistically 

sig~iiicant at the 99 pe~cent confidence level_( 44 ) This m~ans that, as 
' - -

ex~ected, insiallatitih of the predictors decreased the average warning time 

at the crossing and that, once the predictors were in place, installation of 
' . 

the highway traffic signal had no furth~r effect on the average warning time 

at ihe crossing. This fi~ding is shown clearly in the illustration of the 

frequency an.d cumulative frequency distributions of the warning times from 

the three data sets shown i~ figure 32. In additi~n to the between study 

resuits, the Minn-Whitney U test indicated that there was not a statistically 

sig~ificant difference at the 95 percent level between the day and night data 

~ets jrbm any oi the three studies. 
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Table 21. Warning times at the Cedar Drive crossing. 1 

Flashing· Liiht Siinals 
without redic ors 

Flashing Li~ht Signals 
· with Pre ictors ' 

Highway Traffic' Signals 
with Predictors . 

SUDlDlary Statistics Day Night Total Day Night Total Day Night Total 

Sample Size 53 36 89 22 28 50 · 67 25 92 

Mean <seconds) 73.7 77 .6 75.2 40.5 42.7 41 :·1 38.1 31.5 · 36.3 

Standard Oevivti~n 20.6 13.4 17.9 15.5 19.9 18.0 21. 7 8.4 19.2 

Range (seconds) 47-141 56-119 47-141 27-89 28-121 27-121 23-161 8-57 8-161 

Flashing Liiht Siinals 
. without redic ors 

-Flashing Li~ht Signals 
with Pre ictors 

Highway Traffic Signals 
with Predictors 

Warning Times Observed Train Percent of Cumulative Observed Train Percent of ' Cumulative Observed Train Percent of Cumulative 
(seconds) Arrivals Total Arrivals Percentage Arrivals Total Arrivais Perc~ntage Arrivals Total Arrivals Percentage 

....... 
N 
0 

<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 57.6 90.2 

40-50 4 4.4 4.4 6 12.0 ··• 80.0 3 3.3 93.5 

50-60 i3 14.5 18.9 5 10.0 90.0 1 1.0 94.5 

60-90 57 64.5 83.4 4 8.0 98.0 2 2.2 96.7 

>90. 15 16.6 100.0 1 2.0 100.0 3 3.3 100.0 

Total 89 50 92 

1Time between either activation of flashing lights or onset of yellow and the train's arrival at the crossing. 
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As with the other two crossings, it was hypothesized that the warning:r 

times observed at the Cedar Drive crossing would .have a major influence on·: 

driver performance, i.e., the longer the warning time, the larger the number 

of drivers that would exhibit dangerous and/or .illegal behavior. By _.using:· 

the ·1evel of service criteria previously developed, less than 5 per.cent 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 -0f 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-:: 

-ly, installation of the predictors greatly improved the level of ser~tce ~f. 

-the active warning devices at the Cedar Drive crossing, and.as a result 

should have improved driver behavior at the crossing by reducing the number_. 

of dangerous and/or illegal maneuvers that took place. 

Clearance Time. tlearance time was defined as the difference in tim~ 

between the last vehicle to cross and the train' s arrival at the -cros~i_ng.; · 

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 th~ predictors signif­

icantly shortened the average warning time at the crossing, they in combJna-: 

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 earl' 

and trains would be a definite safety benefit. It should be noted t~at this 

benefit is expected to be the result of both the predictors and hlghwa~ 

traffic signals being installed at the Cedar Drive.crossing .. 

Clearance times were only recorded for those train arrivals in which a 

vehicle arrived at the crossing between the activation of the flashing light 

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 

fi.rst 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 aftei 

study (highway traffic signals with predictors). As with the warning time 

data set, the total data from each study was ~ubdivided 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 level.( 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 tf1e 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 diff~rence 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 ~ata 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 light signals with predictor study; however, there was no 

difference between day and night operation for the highway traffic signal 

with predictor study. The frequency and cumulative frequency distributions 

of clearance 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 hav~ a major influence on driver behavior, a small percentage 
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Table 22. Clearance times at the Cedar Drive crossing. 1 

Flashing Li~ht Siinals 
without redic ors 

Flashing Li~ht Signals 
with Pre ictors · 

Highway Traffic Signals 
with Predictors 

Summary Statistics Day Night Total Day Night Total Day Night Total 

Sample. Si ze2 53 30 83 19 20 39 20 9 29 

Mean (seconds) 15.7 28.2 20.1 16.2 26.3 21.4 20.7 21.4 20.9 

Standard Dev1ation 13.2 15.0 15.0 5.8 18. 9 · 14. 9 8.': 10.5 8,9 

Percent <20 seconds 79.3 31.0 62.6 73.7 50.0 61.5 45.0 55.6 · 48.3 

Percent <10 seconds 37.7 10.3 27.7 15.8 5.0 10.3 15.0 11.l 13.8 

Range (seconds) 4-73 6-66 4-73 7-28 6-96 6-96 5-34 10-45 . 5-45 

Flashing Li~ht siinals Flashing Li~ht Signals· Highway Traffic Signals ..... without redic ors with Pre ictors with Predictors 
N 
.i:,:. 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 23 27.7 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 83 39 29 

1Time between the last vehicie to cross·and the train's.arrival at the crossing. 
2Includes only those observations in whi~b vehicle·s were pre~ent before the train's arrival. 
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Figure 33. Frequency and cumula.tive frequency distributions of observed 
clearance times at the Cedar Drive crossing. 
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of drivers would exhibit ~ndesirable (da~gerous or illegal) behavior no 

matter how short the warning times were. Therefore, it was expected at ihe · 

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 f~wer 

dangerous ahd/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 obferved 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 

tfaffic 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 gr~ater conspicuity of the white 

bar strobes ahd 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- · 

ioral change occurred it may not be large enough to be statistically signi.fi­

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 cha_racteristics o:f. similar vehicles, ,approach speed 

profiles for the first_ vehicle to stop at the crossing in each of the twp 

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 crosstng and is plotted at the midppint .of the 

section. Data in the. range of 50 to 200 feet from the stop bar ~ere 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 sma.11 

amo.unt of ava i 1 ab 1 e data from Camera 3 that a significant number of average_ 

speeds could not be calculated at the far distances. Additionally, Camer:_a 2 

was·.the only one used in the after study. Therefore, only data from ~he 

first two cameras i.n· 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 we~e in the~ 

second before study and as expected ~bout 10 miles per hour faster than -they 

were in the after study. This indicates that_ the highway .t_raffic s_ignals 

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 1 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 light signal5 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. I't 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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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 study, and 19.2 

seconds in the after study. In all three cases the standard deviation was 

almost as large or larger than the mean·. The Kruskal-Wallis _t~,st indicated 

that the differences were not statjstically significant at the 95 percent 

confidence level. In other words, the.variability in the brake time data 

precluded being able to find any significant differences that might exist. 

These long reaction time.s confirm the premise that,braking in response to 

either a flashing light signal or a highway t;afft~\;i~nal at a fiilroad-
, ' -·· 

highway grade crossing did not represent a. pressure_ ~it,uat_ion (short reaction 

times) and~'. be~ause of this, was highly vafiable (larg~ standard deviations). 

As at the other cro~sings, an additional complication with measuring brake 
'· .. , .. - ,, " . - ' ' 

reaction time:s was the_ difficulty in determining whether the. vehicle of 

interest was braking in r_esp?nse to the activ_ation of the warning device, a 

slower moving vehicle ahead of it, the roughness of the crossing itself, or 

something else. 

Safety Measures 

Violations. At a crossing with flashing light 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 light 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 

crossing. Unfortunately, because: of the different definiti9_ns, a_direct 

comparison of the violation rates between the two conditions was not possi­

ble. 

when highway traffic signals were- installed at the Cedar Dri~e crbssing, 

the average and maximum number of motorists per train arrival who "ran :the 

red" (il]egal behavior) was 0.68 and .6 respectiveiy. These s~atisdcs _were 
' ' 

based on the 78 observations where vehicles were in the crossing area prior.·· 

to the train's arrival. Of this total there were 49 observ~tions in which rio 

motorists_ behaved i 11 ega lly, 16 observations in which one motorist behaved 

illegally, and only 13 observations in_ which more than onf moto,:ist behaved 

illegally. Thus,.-in 35.9 percent of_ train arrivals. in which- a motor vehicle. 
·. ,-

was at the crossing, one or more ~ehicles proceeded through a red indi~ation: 

on the signal head. Although not c~mparable, it is interestin9.to note that" 

at two crossings with approximate:ly .·the same vehicular traffic volumes·, the· 

rate and frequency of violations at the ·crossing with highway trafffc ~igna(s 

(Cedar;Drive) were much lower than they were at _the crossing with·two-: 

q~adrant gates (Cherry ~treet). Howe~er, it should also be noted'that· the 

highway traffic signals were oper_ating 90 percent of the time at level of 

service 8, whereas the two quadrant.gates were operating over 70 percent of 

the time at level of se·rvice Dor F. Thus, it is not clear whether the 

di.fferences in·driver behavior are a result of differences in warning devices 

or differences in their operational -level of service. 

Vehicles Crossing. The average n~mber of vehicles crossi~g between 

activation of either the flashing light signals or the highway traffic-

. sfgnals and the train's arrival a,t the crossing are shown in table 23.- As 

there was a.statistically significant difference in the warning times ob­

served during the three studies, it was hypothesized that there would ~ea 

signific~nt difference in the number of ve~icles crossing. The K~uskal 

Wallis test verified this premise at the 99 percent confidence l_evel for the 

day, night, and total data sets, i.e., a significant redu.ction in the number 

of vehicles crossing was realized as a result of the predict~rs being in­

stalled. The predictors in combination with the highway triffic sign~ls 

reduced the average number of vehi c 1 es crossing per t~a i fr a~ri val from 3. 35 
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Table 23. Vehicles crossing at the Cedar Drive crossing. 1 

Flashing Liiht Siinals 
without redic ors 

Flashing Li~ht Signals 
with Pre ictors 

Highway Traffic Signals 
with Predictors 

Summary Statistics Day Night Total Day Night Total Day Night Total 

Sample Size2 53 30 . 83 21 24 45 59 19 78 

Mean <vehicles) 13:28 6.40 10.86 3.86 2.92 3.35 . 0.80 0.53 0.73 

Standard_Deviation 7. 74- 6.28 7. 91 3.34 2.50 -2. 92 1. 47 0.61 1.32 

Percent >0 Crossing · 100.0 97.6 98.8 90.5 83.3 86.7 33.3 47.4 37.2 

Percent >1 Crossing 98.1 86.7 -94.0 71.4 62.5 66.7 20.3 5.3 16. 7 

Range <vehicles) 1-40 0-24 0-40 0-12 0-9 0-12 0-7 0-2 0-7 

Flashing Liiht S~nals Flashing L~ht Signals _ Highway Traffic Signals ..... without redi ors with Pr ictors · with Predictors 
w ..... 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 1 1.2 1.2 6 13.3 13.3 49 62.8 62.8 

1 4 4.8 6.0 9 20.0 33.3 16 _ 20.5 83.3 

2 5 6.0 12.0 6 13.3 46.6 - 6 7.7 9L0 

3 8 9.7 21. 7 6 13.3 59.9 4 5.1 96.1 

4 2 2.4 24.1 7 -15. 7 75.6 0 0.0 96;} 

>4 63 75.9 100.0 11 24.4 100.0 3 3.9 100.0 

Total 83 45 78 

1Vehicles crossing after either activation of the flashing light signals or the traffic signal changing to yeUow and the train's arrival at the 
crossmg. 

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



to 0.73 when compared to flashing -light 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 si~nals when both systems had a predictor installed. 

The effects of warning times on the number of vehicles crossing while 

the flashing light'si~nals were activated or the highway traffic signals were 

red also are shown in table 24. Even though the total obseriations are not 

distributed evenly throughout the warning time categories, there is cl_e~rly 

an identifiable trend, i.e., the longer the warning time, the 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 expected was the differences between the flashing light 

signals with and without predictors. For example, without predictors warning 

times in the 40- to SO-second range resulted in an average of 10.0 vehicles 

crossing per train arrival, whereas with predictors, the same warning ti~es 

res~lted 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 level of service C and resulted in fewer drivers crossing in 

front of oncoming trains for the same range of warning times. 

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 will cross in front of the train. 

This is not altogether surprising as the active warning devices 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 light 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 vehi~les crossing 
at the Cedar Drive crossin~. 

Average 
Warning Observed No. Crossing 

Study Time (Sec.) 1 Train Arrivals 2 (per Arrival) 

Flashing Light <20 
Signals without· 20-30 
Predictors 30-40 

40-50 4 -10.00 
50-60 11 9.17 
60-90 53 9.24 

>90 15 . 19.00 
Total 83' 

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 

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 fla~hing r'i ghts and train'' s arrivals at the 
crossing. 

2 Includes only those observations in which vehicles were present. 
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Crossings Less Than 20 Seconds (CL20). Vehicles crossing within 20 

seconds of a train's arrival at the crossing have previously been defined as 
an indication or·agg·resslve beha_vii:>r~ "i.e. I there 'is some, but not much, room 

:\·,' 

for driver and/or vehicular error. Although such behavior is not necessari_ly 

illeg~l, it represents those drivers who choose tb crdss ~ithin the 20-second 
minim:um warning time presently required by ·t_he MUTCD. (ll)'. As shown in table 

25, the average_ number of vehicles cro·ssing within 20 seconds of the train's 

arrival at the Cedar Drive crossing was noticeably lower in both studies 

wher~ the predictori were installed, being reduced from an average of 1.81 to 

0.24.· The Kruskal-Wallis test indiciited that these reductions were statisti-
,._. 

cally. significant for both the day and total data sets at the 99 percent 

confi'dence level.( 44 ) .. Thus, .as expected, installation of the predictors and 
' ....... ,~ . . 

of th~ predictors in combination with the highway traffic signil_s signif-
icantly red~~ed the number of CL20s ~t-the crossing. The installation of the 

highw,ay traffic signals reduced the CL20s fro_m 0.78 (with flashing light 

signals) t~ 0.24 when predictors were used with both systems. There was 
littl.e differe,,:c·e'·T'n' th!( average CL20 rates for ahy of the nighttime data 

·< 

sets. 

A freqyency __ distribution of the observed CL20s at the Cedar Drive 
crossing is -~l;o ;sho,wn tn'iable 25: ln t_he fi'rst befof'.e study (flashing 

light signals without predictors), 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 by 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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Table 25. CL20s at the Cedar Drtve crossing. 1 

Flashing Liiht Si~als 
• without redic rs 

Flashing Li~ht Signals 
with Pre ictors 

Highway Traffic Signals 
· with Predictors 

Summary Statistics Day Night Total Day Night Total Day Night Total 

Sample Size2 53 30 83 2i 24 45 59 19 78 

Hean (vehicles> 2.34 0.83 1.82 0.95 0.63 0.78 0.24 · 0.26 0.24 

Standard Deviation L74 1.60 1.84 0.86 1.10 1.00 0.63 0.45 0.59 

Percent >0 Violations 79.2 34.5 63.9 66.7 41. 7 53.3 15.3 26.3 18.0 

Percent >l Violations 67.9 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 Liiht Si~als Flashing L~ht Signals Highway Traffic Signals 
w without redic rs with Pr ictors with Predictors 
O'I 

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 . 46,7 46.7 · 64 82.0 82.0 

. 1 11 13.3 49.4. 17 37 .. 8 C 84.5 10 12.8 94.8 

2 13 15. 7 65.1 5 11.1 95.6 3 3.9: 98.7 

3 12 14.5 79.6 1 2.2 · 97.8 1 1.3 100.0 

>3 17 ,· 20.4 100.0 1 2.2 100.0 0 '0.0 100.0 

Total 83 45 78 

1Vebicles crossing within 20 seconds of the train's arrival at .the crossing. 
2Incl ildes only t.hose observations in wh_ich vehicles were present before the. train· ~·:arrival. 

= ... ·: ~ -a.---- •. ~ ,. 



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

Warning Observed Average CL20s 
S~udy . Ti me (Sec. ) 1 Train Arrivals 2 (per Arrival) 

Fhshing Light <20 0 
Signals without 20-30 
Predictors 30-40 

40-50 4 3.75 
50-60 11 2.45 
60-90 53 1. 63 

>90 15 1. 53 
Total 83 

Flashing Light <20 0 
Signal,s with 20-30 5 0.80 
Predf ctors : . 30:.40· 24 0.83 

40:..50 6 1.00 
50-60 5 0.60 
60-90 4 0.50 

>90 1 0.00 
Total 45 

Highway Traffic <20 1 0.00 
Signals with 20-30 24 0.17 
Predictors · 30-40 46 0.33 

.. 40-50 2 0.0,0 
50-60 1 0.00 
60-90 1 0.00 

>90 3 0.00 
Total 78 

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

2 lncludes only .those observati.ons 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 ~ith pr~dictors, 
. . . 

i.e., flashing light signals with-predictors and highway tr~ffic signals with 
predictors. The average CL20 rate was 1.82 before predictors were installed, 

0.78 after predictors were installed, and 0.24 after both predi~t~ri and 

highway traffic signals were installed; however, there does,not: appear to be 

a relationship between warning time and CL20 rates. It ~hould ~e noied that 

in the 30- to 40-second warning time range for the flashing light ·signal with 

predictor study, there were 0.83 CL20s per train arrival. When; traffic 

signals were installed, the CL20 rate in this warning time range was approxi­
mately 0.33. This seems to indicate that the highway traffic signals with 
predictors are more effective in reducing CL20s thanflashing light signa_ls 

when predictors are used with both systems. 

Crossings less Than 10 Seconds (CLIO). Vehicles crossing withi~ 10 

seconds of a train I s arrival at the crossing have ·pre\1ious 1~ been. defi ned~_!is 

an indication of risky behavior; there is little room for either_ driver o~: 
vehicular error. Although not necessarily illegal at a flashing light 

signal, such behavior intuitively incre~s~s the likelihood of ah accident'.­
occurring. It was anticipated that inifallation of the predi~~ors ~~ght '· 

reduce this type of behavior by providing shorter and more consistent warrdng 

times and increased credibility of the warning devices. Furthermore; it was 
anticipated that the additional credibi.lity of the highway traffic signal ' 

might further reduce the ·number of conflicts. 

. . . ' 

As shown in table 27~ 29 CLIOs (15 single CLIOs and 7 double CllOs) were 
observed at the Cedar Drive crossing i~ the before study, i.e., _29 motorists 

crossed the tracks within· 10 seconds of the train' s a rri va 1. Twe_~ty~fi ve 
CLIOs (13 single CLIOs and 6 double CLIOs) occured during the d·ay·-and four 

CLIOs (2 single CLIOs and 1 ·double CLIO) occured at night. · In .. severi differ­

ent cases, at least two motorists crossed the tracks within· 10 seconds of the 

train's arrival. A Pearson's chi-square statistic calculated from a 3 by 3 

contingency table (three -studies by three CLIO categories) in~icated· that the 

observed CLIOs in the first befor_e study (flashing lfght ·signals without 

predictors) and the two studies with predictors (flashi~~ lig~i signals with 

predictors and highway traffic signals with -pr~dictois) ~er~ significantly 
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Table 27. CLlOs at the Cedar Dfive crossing.I 

Flashing Liiht S~nals 
without redi ors 

Flashing Liabt Signals 
with Pre ictors 

Bighwal Traffic Signals 
wi h Predictors 

Swnmary Statistics Day Night Total Day Night Total . Day Night Total 

sa~ple Siz~2 53 30 83 21 24 45 59 19 78 

Mean <vehicles) 0.53 0.13 0.39 0.19 0.08 0.13. 0.05. . 0.05 0.05 

Standard Deviation 0. 77 0.43 0.6S 0.51 0.41 0.46 0.22 0.22 0.22 

Percent 1,11 th Cor.fl icts 35.9 10.C 26.5 . H.3 4.2 8.5 5. i 5.3 5.1 

Range <vehicies) 0-3 0-2 0-3 0-2 0-2 0-2 0-1 0-1 0-1 

0 CLlOs/Arnval 34 27 61 18 '23 .. 41 56 18 74 
..... 

4 w 1 CLlOs/Arrival 13 2 15 2 o. 2 3 1 
\0 

2 CL10s/Arrival 6 1 7 1 1 2 0 ·O 0 

1Vehicle's crossing within 10 seconds of the train's arrival. 
2rncludes only those observations in which vehicles were present prior.to the ~rain's arrival. 



J .• '. 

different at the.95 percent confidence level. This means that installation 
"'' ' . . 

of the predictors appears to have been successful in reducing the amount of 
. ' 

risky behavior that took place at the crossing. Unfortunately, there was· 

such a small number of observed CLl0s in the two stu~ies with predictor~ i~at 

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 CLl0s could not be tested. 

One observation from this data set is that the CLIO rates and percent­

ages for the flashing light signals without predictor5 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 CLIO rates were comparable to those at Ebenezer Road. Interesting­

ly, the additional installation of the highway traffic signal reduced the 

number of observed CLl0s to a rate comparable to that observed at the Cherry 

Street crossing when two-quadrant gates were used. 

Sunnnary 

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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Performance measures such as speeds, reaction times, and deceleration levels 

di~ not change significantly. When holdi~g the variable ~red~cto~s conitant, 

h~ghw~y traffic si~nals s~bstantially oOtperform flish{ng light sig~~ls in 

categories having an impact on safety. 
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VHI. BENEFIT-COST EVALUATION 

Based' on the results of the field studtes, all three· of the innovai{~~ 

traffic contr61 systems proved to be feasible, both from a te~hnical ahd 

practfc:al s'tandpoint. In addition, all three· system::; were accepted.and 

understood· by the driving public'. Two of 'the systems, the four-quadran·t · · 

gates wit~ skirts and the highway traffic signals, show gre~t pr6~ise for 

improv{ng crossing ·safety. The third system, four-quadrant flash·ing light•­

signals with strobes, did not produce measurable improvements .in safety ~t 

the test crossing, but may have some limited applications. 

Having- confirmed that the in'novative systems are feasible and effec't'ive, 

the i~sue of syst~m c6st becomes im~ortant. Cost coniid~rations gov~rn 

wheth~i and where the innovative traffic control devices ~re e~~riomicilly ·· 
advantageous. · · ·. 

This chapter identifies and discuss·es the primary· cost' considera"tions 
' for each of the innovative systems. Presented first ~ri cdst e~timates foi 

installing, operating, and maintaining the three systems. The results of 

benefit-co st analyses are then presented for the two most p·romfs i ng systems, 

the four-quadrant gates with skirts and the highway traffic signals. Lastly, 
' ' . - . . ., ' 

estimates are developed for the cost of "retrofitting" var:ious_ percentages of 

the existing cros_sings in the country with the innovative devices. 

Cost Estimates 

For each of the three innovative systems, the following cost.components 

were considered in assessing total system cost: (1) installation costs; (2) 

operating costs; and (3) maintenance costs. Installati_on costs incluqe the 

cost of materials, equipment, labor, and miscellaneou~ expenses (travel, 

worker per diem,· contingency costs,' etc.). Operating costs are the system 
. . 

power consumption costs. Maintenance costs include the cost of routine 

service checks, cleaning, repairs, minor hardware replacement, and b~t~ery 

maintenance for those systems with battery backup po~er. 
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Use of Marginal Costs .. . I.n deve,loping, cost estimates for the three 
• •. ' • - '; ~ , •' ~ • I 

innovative systems, marginal costs were used. "Marginal costs" refer to 

t_h,o,se costs incu.r~e~0 abov_e and beyond th_e. co.st ot prov,i_d.i.ng ,whichever _stan­

dard active warnin_g system would normally be used, , For. example, the m_a.r.ginal 
.. , ,, . '.' . . - - . .. . ' . '.. , -- '. . 

costs of fou!~quadrant gates_wi~h ,skirts wpuld be those ~osts abov~.and, 

beyond the_ c.os}s- of pr.oviding sJandard two-~u.adrantgates, The. margina;l . 

costs of the four:quadrant flashing ligh~ signals with strobe.s.~ould.be thB 
' . , ; ' . . '' " - ' '' , . - '.' , . . 

cos.ts above ,a,nd bey_ond .the .. costs pf pro_vidjng_.standa;rd .. two-:quaorant fl_ashing 

li_g.ht SiQnals:-

Marginal costs for highway traffic signals would be the costs to in­

.s.t~ll,. ,operate.,- an.d. r:na i nta in ... the traffic, s i gna 1 i n,sta:l la_t i o.n, after s_ubt ract­

i ng ~he;costs for. a, st_and~rd ,two-quadrant fl~_shing_ li_g~t signa.l sys_tem .. The 

highway traffic s.i.gnal system is unique. in that it.do.es .not .incorpora.te any 
;...,. ' .. ' ' ' . . '' . . - ', 

of the traffic control hardware used in its standard counterpart and becau~e 

its marginal installation cost is actually a negative number. That is, the 

co_.st of installing. traffJ.c signals is .actually. le_ss than the cost of .. fostall-
- . - . ' ' . . " ' - . ' ' . . . - . 

i-['19 fl!i,sh.i ng_ ._l i _ght s:i gna 1 s"' . 

. . . . Note that, ma,rgJna_l costs do. not .. i.nc,l ude the. fo) lowing: 

• 

• 

.·Th~- cost o{ insta.lling, operating, 0~ ma'intai.ning :t:'he train 
··. ·detection'· system. - · · · 

r'he c~st of instailing that portion of the traft'fr control 
equipment which would also be required for the standard active 
warning system. 

• The costs of operating and maintaining that portion of the 
__ eq4ipm~nt which would.be required for_a standard acti~e 

warning system. 

The use of_ marginal costs as_ opposed to total costs i's ap.propriate for 
severai reasons. Ffrst of all, it is reasonable to assume that, if adopted, 

J ✓ .',, .,1 •. • ' ' " • • • ' ; ' ; J • ' • •i " ' t , •, • - " ' • l 

the.'innovati\'.e system_swould be used most often at crossin.gs which _alre·a_dy 

have stan~ard ~itive ~ontrol devi~~s. I~ ihese ~ases, ~he r~t~ofi~ (or. 
'• ' C, I • ' • , , 

ad·d:..'on) cost~ woul'i be of primary interest, and these retrofit costs are .. 
essentially the same as mar~inil costs. (A retrofit traffic signal installa-

tion is an exception in that the r~trofit costs are not essentially the same 
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as the marginal· costs: The cost evaluations take this fact into account as 

discussed later.) 

For a new installation at a passive crossing, it is al_so logical to use 
' marginal costs to issess the economics of installing one of the innovative 

syst~ms~ Generilly:~peaking, the innovative-devices would be considere~:for 

use o"rily· a·t existing. passive crossings where one of the standard active 

devices was alio·w~i~inted and would ·be installed. Thus, the decision whjch 

must be made i~--~hether to employ a standard device or to opt for one of the 

innovative· dev:ice:s•.· · Marginal costs provide the needed input for this deci­

sion. 

In addit'ion, the costs of providing train detection, initial site 

preparation,• and po~er connections are highly variable dependtng,pn the 

location of th·e·•c:rossing, terrain, number of tracks, type of.detectio.n. 

system, etc. HoweV'~r, marginal costs, as defined, should be fairly cqnsis-· 

tent from one crossing to the next; thus, they provide a more consistent and,-,. 

accur~te means of· iomparing alternatives than if comparisons a~e made on. 

total costs. 

Installatiori C6st Estimates. Although much was learned about the 

econo~ics oj constructing and installing the innovative traffic.control 

systems duri'ng the field studies, the three test installations did not give a 
I ' •' • • ' > 

complete and ac·curate indication of 11 typical 11 installation costs. First of. 

all, the systemi~ere designed, constructed, and operated in a_ research 

setting where minimizing cost was secondary to successfully co~pleting the 

fesearch. Second, some of the components of the innovative systems were not_. 

intergrated ir:,to •the existing active warning systems at the test crossings, .. 

but rather ~~r~ ~p~rated independently. The flashing light signals with 

strobes are an example. The strobe lights were mounted on different poles­

from the flashing·light signals, and they had their own primary and secondary_._. 

power supply:sY:stems. The strobe controller and batteries were even housed ir:, • 

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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yailroads, three ~ighway agencies, and a traffic engineer~ng cpnsulta~t. The 

details of the ,solicitation are described in the following sectio.n-. 

Constructi.on Estimates .. To obtain the needed .. installation cos_t .esti­

mates, three hypothet ica"] projects were conceived, one fo_r:. each _o.f. the· 
- ' ' ' 

. innovatfve systems.. Each o_f the ,projects involved "retro~Hting~•- on_e ,?f. the 

... _in,novative systems to._a gra_de .cr~ss_ing which had a standa.rd activ_e w~r.ning 

:. device an.d a :train detection syste111 already in place. Th.e exce_p~ip~ wa~ the 

__ projec_t ,_for the highway traffic signal.. Fqr this project·, ,it was as,sumed 

t~a_t a train detection sys~em.was . .i.n place, but there were no.exist.ing active 

warning devices at the crossing. 

~project description ~as prepared, along with an estimate worksheet, 

for each project. The descri pt i ans and cor:respond i ng worksheet:s a.re shown in 

App~ndix B. All three hypothetical projects involve~ the same basi~,c~ossing 

.situation--a single mainline track crossing a two-lane roadway. Thi_s .simple 

type of crossing was chosen to promote consistency and ea_se of cost,_~s_tima­

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 .si~uations. 

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 $32,761, 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·2a,: Ave.rage installation·cost:estimates. •· 

Expense .. Ca_tegor~ 

Material-/ . 
Su'pply Cost·s - .. 

Equipment Costs 

Labor- Costs-. 

Other Costs 
(Travel, Per 

Diem, Contin­
gen·cies·, etc.) 

Tpta l. , .. _ .-
Ins ta 11 at fon 
Costs · 

• • • · Four~Quadrant 
·Four-Quadra"nt ·, · · ·· · Flashing ·Light 

· Gates- wi-th' Flashing Highway Traffk - ·Si'gnals-with·· 
.. Lig~t Signals.~. ·:·.· ,. Signals-2 

"'. -Str:-obes 2 
.. 

. .1, 550 

- ' 13,676 

5',223 

$32,763 

, I 

.425 

1 '092 · 
' 

., 

306 

· · · $lt,:196 

$4,793 

.1,,1-75 

. · 10, 1'61 

' .. ,. 

. ,,,, , .. •' --
' I • ' . d 

3,d67 

' $'i9, 196·· 

1Average of two estimates . 

. 
2 Average of four estimates. 
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gates with skirts .and the four-quadrant flashi,ng signals with strobes, ft is 

assumed that standard two-quadrant gates and two-quadrant flashing light 

_sig~als,. resp.ectively, were already __ in place .. 

·-.--ft is.sig.nificant to note in table 28 that the .highway traffic signal . ,, 

cost e~timates were considerably lower than the estimates for the other two 

innovaif~~ systems. The·m~jor reason fdr th~·~elaiively low·cost of highway 

traffic signals is the much lower e·stimated labor costs .. Fr.om th·e table, the 

average estimated cost of labqr for highway traffic signals was $I,dtj2_· ·1n 
. ~ . , . , . 

contrast, the average estimated cost for labor for the four-quadrant gates 

with s~irts was $13,676, ind for the four-quadrant flashing li~ht sign~ls 

with strobes it was $10,161. These labor cdst~:are about ten times greater 

than the labor costs for installing highway traffic si9nals. 

Marginal Installation Costs. Marginal installation cost ~stimates for 

each of the innovative systems are presented in table 29. For the four­

quadrant gates with skirts and the four-quadrant flashing light signals wilh 

strobes, the marginal install~tion cost was ta~en to be the average total 

estimated cost shown _in table- 28.~: (T-he co_sts have been appropriately rounded 

off.) 

For the highway traffic signals, two marginal costs are giv~n 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 hig~way 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 light 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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Tabl~ 29. Marginal installatidn ~6sts. 

Innova.tive System . Marginal lnstallation Cost1 

Four-Quadrant Gates with Skirts 

Highway Traffic Sign~l~ (Ne~ Installat~on) 

Highway Traffic Signals (Retrofi~), 

· Four-Quadrant Flashing Light 
Signals with Strobes 

', . 

$32,750 

. _, 6, 100'2 

11,200 3 

19,200 

1Marginal costs refer to added cost to install innovative system in lieu 
of appropriate standard active warning system, i.e., two-quadrant flashing 
light sig~als ~ith or without gates. 

2 Negative cost indicates a cost savings compared to .the cost of 
instal1ing standard two-q~adr~nt flashing light iignals. 

3 Cost to remove existing flashing light signals and install highway 
traffic signals in their place. 
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the four-quadrant 9ates with skirts and the four-quadrant flashing light 

signals with strobes (excluding the strobe lights). Operating and mainte­

nance cost estimates for the strobe lights were developed by the researchers 
- - . -· ' 

·based on actual·power company billings and service records.· The City·of 

Knoxville supplied estimates for the annual costs of operating and maintain­

ing the·highway traffic signals.· 

To compute marginal operating and_maintenanc~ costs for the innovative 

systems (compared to standard active warning systems), the costs of operat­

ing/maintaining standard gates and/or flashing light signals had to be 

subtracted out. Appropriate annual operating and maintenance costs for gates 

and flashing light signals were based on national averages for these standard 
· · - ( 50) systems; ··· · 

Marginal Operating Costs. Table 30 s~mmarizes.the. annual 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 innovative systems have unified power supply 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 light 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 

Four-Quadrant Gates with skirts 

Highway Traffic Signals 

Four-Quadrant Flashing Light 
Signals with Strobes 

150 

Annual Marginal 
Operating Cost 

. ·$ . 0 

1,200 

0 



associated with trickle charging. the battery sy_s~em for th_e ·train detection 

circuitry. 

Marginal Mai ntenance--Costs; Table 31 _presents annua 1- -marginal ma i nte­

nance costs for the three innovative traffic control systems. As noted ~·. ' . - . ', ' , •' ' 

previously, the maintenance cost estimates weredeveloped based on data 

provided by··Southern Railroad and the Ci·ty of Knoxville;-na-tional averages 

and field study maintenance records:(~9). The cost estimates tn-the table are 

for a single-track crossing on a two-lane hi_ghway. The cost estimates also 

assume that the innovative systems are fully untfied, i.e., all the system 

components including the train detecti6~ 
1

sy~i~~. ihe ~~£i~e ~ifning devices, . ,,,- . . ,- ,.·. ,' ,. 

and power _supp_ly _system_are _desig~ed and operate~ in the most efficient 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 

flishing 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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.. Table 31. Annual marginal maintenance costs of the 
three inndvative systems. 

InnovatiJe System 

Four-Quadrant Gates with Skirts 

Highway Traffic Signals 

Four-Quadrant Flashing Light 
Signals with Strobes 

152 

Annua 1 . Marginal 
Maintenance Cost 

$740 

200 

450 



estimates to generate benefit-cost ratios. Surrogate safety measures are 
' ' 

also identifi~d and discussed to justify the assumptions 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 simplifying assumptions, and that the data are 

admittedly somewhat limited and site specific. Nevertheless, the data are 

sufficient to illusir~te the anticipated costs and-satety benefits 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 yi~ld more accurate benefit-cost ~stimates ·tor their 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. 

3. 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 literature. 
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4:. Savtngs-in accident costs were g~nerated based on'ihe accid;rif' 
reducti_ons pred.i,cted. ,in. step 3. These savings in: acci.dent., ·. 
costs were compared with· system installation/operation, <;;o!:i_ts . _, 
(step-1'),to genera·te ap'propria·te benefit-cost ratios. . . . .. , . 

". 
'. !, 

Each of these steps is discussed in detail below, and then the results of the 

cost-effectiveness analyses are presented. 
. . ' , ; '"\ I 

' _,_. - . , ... ~ ' 

'tost E~tim~tes. Marginal costs, expressed on an annual basis, were used 
• . • ,., - ' " . ' I. ,' : '', ~ : .".'. .~ ,; . 

in the·analjse~. The annual marginal tosts of a particular innovative system 
' • ',• /. I, -; •• • ·•. , • ; ~•: ,'" ,: ! ; ' , • 

were estimated by summing the ann'ual_ marginal_ ins_tal lat ion, op~~ating_,,. a_n.d 
ma i ritenance ·costs ·of tha·t. sy·s-tem. . . _,. ... 

·.' -- --
Annual marginal operating and maintenance costs were taken dir.e~Jly from 

tables JO.arid' 31. Annual marginal installati_?r costi' we.re calcul~t_ed ::1(~,o;·i 
the in·s·t-allatio~ _costsp~_e-sen_t,ed in table 29:. ,The total _c?s_ts f:om tabJ~_;-;f.,9 

were converted to annua 1 costs using the Capital Recovery Cost Method. fol". 

annualizing an initial expenditure over an as:su~ed future ~-ime pe.riod. (Sl). 

For the purpose of this evaluation, it w~s assumed _the innovati_ve_ systems 

wo~ld have a useful life of 20· years: when· ret.rofitted to a ~r~ssi--n~ ~hi~_h 

already had standard acti~~ 'devices. A 10.0 perc,ent annuai° intere-~t rate, was 
- . . ' .' . ; : .. ,' >I' ,. . ;•· - '• _I ' : ,· ,. :·,•, 

als() assumed~ For new installations at crossings which previ~usly h~Q., 
. . - . . ' .. ,- - . -, -

passive ~ontrol; a useful ·life of·30 years was assumed, along with the JO. 
pe~tent ~nnua1 interest rate. 

Surrogate Accident Measures. The innovative systems are intended to 

reduce t_he number of train-auto·accidents at gra~fa cro·ising_~-- Th11s, the most 

appro~riite~m~a~ures:of effectiv~n~ss are.accident_reduction and. accident 

cost savings: However; since-there were no accidents during any·of the field 
. . - - ~ - _, . 

studies and since the field studies were ~elatively short ·in duration, it was 

not possible to directly measure the long-term accident reductio~-potential 
•, • • I '• • , •""'• ~ : .• - ' • ; -. 

of the .innovative systems. Instead, accident reduction potential.had to be 

subjectively assessed from surra,gate accident _m.easur:es: 

• I _, 

In the case of 'the four-quadrant·gates with s'kirts, the n·umb.e_r of 

vehicles driving around the gate arms (violations) was used as the surrogate 

accide'nt measure. This measure was selected-for- two'Teasons. F,;r:st, it is 

reaso~able ~o assume that if the number of gate arm vfolations can be 
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substantially reduced at a crossing, then the crossing's accident potential 

should also 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 dat~ were available for flashing light signals. Instead, the number of 

vehicles crossing the tracks within 10 seconds of a train arrival (CLlOs) 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 crossing, then it follows that the potential for 

accidents should decrease (provided all other factors remain constant). In 

addition, CLlO data were available from the field studies for all the traffic 

control devices at the c~ossings. 

To estimate and assess surrogate accident measures for the innovative 

devices, a simple simulation model was developed by the re~earchers. The 

model incorporates basic traffic flow theory and characteristics, along with 

perfor~ance data from the field studies,_ to estimate the numbers of gate 

violations or CL1o·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 ~odel predicts how many · 
vehicles (per year) arrive at the crossing while a train is 
approaching, and how many of these vehicles will 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 assu~ed train w~rning 
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 
tra.in arrival. (The violation and CLIO 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 crossing are 
assumed to have a Poisson distribution. 

4. The model further assumes ~hat train warning times (the time 
between device activation and train arrival) are norm~lly 
distributed. (The mean and standard deviation warning t~mes 
are variable inputs.) For the analyses, the following warning 
time conditions were assumed: (1) 60-second mean warning time 
with a 20-second standard devi~tion; and (2) 40-second mean 
warning time with a 15-second standard devi~tion. (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 
periods in which motorists are restricted in their crossing 
behavior. 

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

analyses was estimating the number of accidents which would 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 ~cci­

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 hy Coleman and Stewart was 

used_C 52 ) The Coleman-Stewart model is a regression model developed from 

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

expres~ed as follows: 

where~ 

A= Average accidents per year per crossing 
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V - Average daily traffic 

T = Trains per day 

c0, c1, c2, c3 are regression coefficients which vary depending on the 

. location· and type of.crossing and the type of traffic control. 

T.he model, by varying the coeffi-cients, distinguishes between rural and 

urban eras.sings, and between single- and multi-track crossings. It also can 

handle several types of standard traffic contra l; however; for this study 

only two ·1evels·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 

crossings with flashing light signals and for crossings 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 . 

. It 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 light 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 redaction 

data on the innovative systems. By using wide ranges, the benefit-cost 

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

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 fatality 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
mates.<53) 

The accident cost savings were expressed in_ annual savings.and were 

divided 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 the highway 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. 

Traffic Control 

Gates 

Flashing Light Signals 

Fatalities 
per Acci.dent 

159 

0.09 

0.08 

Injuries 
per Accident 

0.37 

0.41 



Table 33. Annual marginal costs of four-quadrant 
gates with skirts. 

Annual 
Cost Component Marginal Costs 1 

Annualized Installation Costs 

Annual Operating Costs 

Annual Maintenance Costs 

Total 

$3,850 2 

0 

740 

$4,590 

.. 1Cost estimates apply to ordinary crossing. 
conditions. Costs may increase at crossing with complex 
traffic control requirements.· 

2 Capital recovery costs assuming a 20-year useful 
life and 10 percent interest rate; 
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intersection. In fact, in generating benefit-cost ratios for the innovative 

gate system at multi-track crossings, the total marginal annual cost was 

increased by 10 percent to $5,050. 

Reductions in Crossing Vi~lations. B~s~d on the results of the field 

studies, four-quadrant gates with skirts eliminate virtually all gate viola­

tions. This 11 zer9 11 violation _rate compares to violation rates ranging from 5 

to 40 percent at crossings with standard gates. Thus, it is reasonable to 

conclude that four-quadrant gates with skirts should have a significant 

impact on crossing safety, especially at existing·g~ted 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 typical assumed 

crossing situation. For the particular simulation run used to generate 

figure 36~_an average train warning time of 60 seconds was assumed. (The 
. . . . ' . . . 

Cherry Street Crossing had an approximate average 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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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 1s 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 savings re~ulting fro~ havi-ng fewer crossing accidents. 
The annual marginal. syste~ costs ·were taken .,from tabl~ 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 cr6ssing situations. In fact, benefit-cost rati~~ of 4.0 or more were 

found for many of the crossing conditions evaluated. 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 presents the benefit-cost ratios for installing 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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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, 

besides a favorable benefit-cost ratio, have to b~ 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 skfrts would be 

cost-effective at crossings with 10 or more trains per day regardless of the 

traffic volume level. At lower 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 eliminated by 

installing the innovative gate system, then the system would be cost-effec­

tive at virtually all train and traffic volum~ 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 graph in figure 37). 

Figure 38 presents benefit-cost ratios for installing four-quadrant 

gates with skirts at urban single-track crossings. 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 differences 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 train5 

per day, regardless of the traffic volume. For example, if an 80 percent 

acciden~ reduction were achieved, the innovative system would be cost­

effective for train .. volumes of. only 2 or more per day at daily traffic 

volumes higher ihan--a~~ut 2,000 (refer to the lower left-hand graph in figure 

38). For a 6~ percent acci_dent reduction, daily traffic volumes would have 

to be slightly higher .for the .system to be cost-effective. From the upper 

right-hand graph in figur~ 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 8,000 .vehicles_ per day or higher. 

. . 

Also from figure 38, if a 100 percent accident reduction could be 

achieved by instal.ling 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 da~ or greater) for train volumes of only 

one per day. This is illustrated in the lower right-hand graph of the 

figure. 

Fig~re 39.presents the benefit-cost ratios for installing the innovative 

gates at urban m~lti-track crossings. It should be noted that higher instal­

lation and maintenance costs were assumed in calculating the benefit-cost 

ratios shown in the figure due to the greater complexity of multi-track 

crossings: As discussed previously, the annualized installation and annual 

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 might be expected, urban multi-track crossings yielded the highest 

benefit-~ost .ratios among t~e various types of crossings considered. This is 
f I,• ~ ' ' . ~ ' ' 

due to the generally higher accident .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 low 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 _innovative gates would be cost-.' . .. . 

effective at very iow traffic and train volumes. Assuming an 80 percent 

accident reduction and 5 or more trains per day, the innovative system would . " . . 

be cost-~ffectjve beginning ai traffic volumes of only a few hundred vehicles 

per day (see lower left-hand graph in figure 39). 

Cost_ Analysis of Highway Traffic Signal. This section presents the 
- - ' . 

results of the be-nefit:-:cost evaluation of highway traffic signals. Presented 

first are cost estimates for _the innovative system, fol lowed by a discussion 

of the ·impacts of the system on crossing ~afety. Lastly, be_nefit-cost ratios 
are presented for--hig~way tra{fic sign~ls for' various crossing conditions. 

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

traffic signals, it was appropriate to consider two installation situations. 
The first case is--·when hig-hway traffic signals are installed at a crossing 

with _existing flashing light si.gnals. The second case is when highway 

traffic signals ~re installed at a passive crossing in lieu of flashing light 
signals (as a new iristallation). For the~e two situations, the marginal 
installation costs are different, and thus the overall cost-effectiveness 
wfl l 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 highway traffic signals are $2,720 when the signals 

are inst~lled as a.replacemerit to existing flashing light signals. When the 
- - , 

highway traffic. signals .are installed as a new installation, 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 in~tallation costs, annual operiting costs, and annual 

maintenance cost. The component costs for both cases are also shown in table 

34. 
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Table 34. Annual mar~inal t~st~ of 
highway traffic signals.;· 

Cost Component 

Annualized Installation• 
Costs 

Annual Operating Costs 

Annual Maintenance Costs 

Total 

Annual Marginal Costs 
Retrofit New· 

Installation Installation 

. . ,_. ,·- . 

$1, 3_20 ~ . 

1,200 

200 

$2,720 ,. 
' ' .. · .. ,, 

-$650 2 
-' . ~ 

1, 080~· 

200 

$630 

1Capital recovery costs assumfng a 20-year.u~eful 
life and a 10 percent annual inflation rate. 

2 Captial recovery costs assumi~g a 30-y~ar_useful 
life and a 10 ~ercent ann~ai infl~tiori rate.· ' · 

3 Power costs for new 1~.stallations are r~duced 
through total unification of power systems.· 
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It should be noted that the marginal cost i~.l~~s for a new installation 

for two reasons. First of all, the cost of the original flashing light 

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 the traffic signal, advance sign beacon, and train detection 

power supply systems. 

As done for-the four-quadrant gates with skirts, it was ·assumed that 

overall costs would be slightly higher at multi-track crossing~. Thus, the 

marginal annual costs presented in table 34 were increased by 10 percent in 

computing the cost-effectiveness of highway traffic signals at rural and 

urban multi-track crossings. 

Reductions in CLlO Times. As discussed earlier, the number of vehicles 
.. . . .. . 

crossing the tracks withirr·lO seconds of train ~rrival (CLlOs) was selected 

for assessing the potential safety impacts of highway traffic signals. From 

the field studies, it was observed that the p~r~entage of motorists who cross 
• •, • ; 'o • , , 

the tracks in the last 10 seconds before train arrival was a relatively 

constant pfoporti~n·of the iotal numb~r who.ct6ss whil~ the devices (flashing 
,' , ' ' . 

light signals) are activated. In fact, approximately 3.5 percent of the 

total crossings typically occur in the last 10 seconds before 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 CLlO crossings which could be prevented under various crossing 

conditions by installing highway traffic signals in place of flashing light 

signals. 

Figure 40 illustrates the impact of highway traffic signals compared to 

standard flashing light signals on CLIO crossings for typical crossing 

conditions. 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 predictors 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 CLlO 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 Hgure 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 CLIO crossings which can 

be prevented are significant, particularly at the higher traffic exposure 

levels. For example, at a crossing with a traffic exposure of 300,000 (e.g., 

20 trains per day and IS,000 vehicles per day) and an initial crossing rate 

of 60 percent, there would be over I,300 fewer CLIO crossings per year if 

highway traffic signals were installed in place of the existing flashing 

light signals. This reduction is very significant considering the fact that 

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

As with -the innovative gate sy~tem, there is insufficient accident 

experience at this time to estimate a specific percentage reduction in 

accidents which would be realized by install_ing highway traffic signals at a 

grade crossing. However, based on the ~ignificant reductions in the CLIO 

which would be achieved, it is reasonable to conclude that some reduction in 

accidents should occur. ~n addition, it fs reported in the literature that 

traffic 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 co,uld be realized. In generating the benefit­

cost ratios presented, these considerations were used as the rationale 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 s~stem. That is, expected ann~al accide~t cost savings were 

divided by the annual system marginal costs. Generally, the resulting 

benefit-cost ratios 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 "".ith highway traffic signals, (removing .. the existing fla~hing 

light signals and installing h~ghway traffic signals in their place). The 

figure. includes benefit-cost ratios for· four levels of accident reduction 

(20, 4·0, 60, :and 80 percent). For .each lev~l, the ratios are: pfotted for a 

range of ADTs (from_ 0 to 50,000 veh·icles :per day) and for a range of train 
' . . ' 

volumes (1, 2,-~. 10, and 20 tfain~ per day): 

As seen in figure 4.1/:1t would be cost...;effective to.retrofit a crossing 

(with existing flas~ing li~~t signals) with highwaf t~affJc signals under a 

wide range of conditions:· For example, assumin~ a 20_p~rcent accident 

reduction;--it-would be co~t-er'{ective t~ inst.all.highway f~affic signals at 
' ' " • • • • • • • • ' - " ~ "' •• - # _, , 

crossings with mo~~ tha~ about 5,000 vehicles per di~ ani2 trains per day or 

more (refer to top left-hand graph in figure 41). Assuming a 40 percent 

accident reduction,: it _woul_d be cost-effective :to i_n$taJl: highway traffic 

signals at crossings with more than about 2,000 vehicles per day and 2 trains 

per day or more (see upper rig~t-hand giip~). At the 80 percent accident 

reduction level, it would even be cost-effective to install highway traffic 

signals at a crosiing with only one train per dayJ provided traffic volumes 

were 1,000 vehicles per day or greater. 

The magnitude of benefit-cost ratios for retrofitting a !Ural single­

track crossing with highway ·traffic signal are also very significant. Note 

from figure 41 that benefit-cost ratios rangi~g up to 34 to 1 were estimated 

depending on traffic/train ¥6iumes and on the accident reduction achieved. 

These high ratios, if tney are achieved in ac:tua-1- f-ieJd experience, strongly 

support the use of highway traffic signals at some grade crossings. 

Figure 42 presents benefit-cost ratios for installing_ highway. traffic 

signals at a rural sin~le-track crossing as a new installation. It should be 

noted that the benefit-cost rat.ios 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 light signals: . They do not 

directly, reflect the cost-eff_ect i veness. of inst a 11 i ng< traffic. ,sf gria_ls versus 

having a passive crossing . 

. As seen _in fig_ure 42, the benefit-cost ratios fo.r. a. new instal.lat1on are 

.. even .more- favorable than for a retrofit installation. Ev~.n at a modest 20 

,· ·. perc.ent accident rec;juction, highway traffic s.ignal s would be. cost-eff_ective 
' ' ' ' ' ' • • • • • ' , ' I ~ , 

.·._at crosstngs. with 1 or more trains per day a~d traffic_·v~lumes of l,~00 or 

. higher_ (refer to top left-hand graph in figure 42). '. Also. i~ figure 42 note 

.. tha~ -benefit-cost ratios of o~er 100 to 1 can be achieved at medium train and 
. ' . 

traffic volumes assuming a 60 to 80 percent accident reduction. 

Figure 43 presents beneftt-co5t ratios for retrofitt~ng urban single- . 

: .. track .crossings with highway traffic signals. As seen _in the figure, highway 

,.· traffic signals would be cost-effective for very low. trai_n volumes (one or 

.--,two trains per day) and moderate traffic volumes for any assumed accident 

. ~reduction level. At higher train volumes, highway 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 

flashjng light signals. As seen in the figure, such an installation would be 

cost-effective under a wide range of conditions and accident reduction 

levels, with benefit-cost ratios approaching 90 to 1 under some circumstan­

ces. Of particular note in figure 44, is 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 level. 
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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 tr~ffic vblumes of 8,000 or high~r (s~e top right-hand graph in 

figure 45). Assuming a 60 or 80 percent ace i dent reduction· and 1 or more 

trains per day, highway traffic signals_ would be cost-effectiv·e at traffic 

volumes of ap~roximately 3,000-4,000 vehicles per day or hi~her_(refer to the 
. ' 

two lower-graphs in figyre 45). 

Benefit-cost ratios for·installing_highway traff.ic signals at a rural 

multi-track cro~sing ~s a new installation in place of flashing light signals 

are preienied in.figure 46 .. Note in the figu~e that the be~efit-cost ratios ·~ ,, 

are well ~bov.e L0Jor al) conditions and a,ppr,o_ach 100 to 1. in some situa-

tions. 

It is also interesting to note from all~ the graphs in figure 46 that 

highway traffic signals appeir to be cost-effective (provided active warning 

is needed) at crossings with only one train per day and very low traffic 

volum~ levels. This of course is based on the premise that the highway 

traffic signals would reduce accidents by at least 20 percent compared to 

flashing light signals. 

Figure 47 presents benefit-cost ratios for retrofitti_ng an urban multi-

track c~ossing with hig~way'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·ted~ction. In fatt, highway traffic signals would be very cost-ef­

fective under virtually 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 light signals. Note from the figure that traffic signals would be 

cost-effective for virtually all traffi~'volumes and accident reduction 

levels, and that very high benefit-cost ratios would be achieved. For 

example, if only a 20 percent accident reduction were achieved, benefit-cost 

ratios ranging up to 35 to 1 would be possi'ble at cross,ings with high train 
' ' 

and traffic volumes (see top right-hand graph in figure. 47). If an 80 

percent a~cident reduction were achieved, benefit-cost ratios as high as 140 

to 1 might be possible (see lower right-hand graph in figure 48). 

National Implementation Cost Estimates 

Based on the pr~ceding cost analyses, two of the innovative systems 

would be cost-effective at selected crossings. This finding suggests that 

some type of national installation program should be considered. In formu­

lating such a program, an important issue is the cost to implement the 

. innovative devices at a number of crossings around ·the country. This cost 

can be roughly estimated by combining the installation tost estimates with 

data from the National Grade Crossing Inventory on the numbers of crossings 

with conventional traffic control.~ 3) 

The resulting nationwide .installation cost estimates are presented in 

table 35. The table shows the total costs to implement the innovative 

systems for various percentages of ex~sting c~ossings. The installation 

(retrofit) costs, with the exception 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 signal~, the cost of 

instal~·ing a train det~ction system·had to be added to the traffic signal 

installatio~ tosts. 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 
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where the various devices might be considered. Table 35 is intended to show 

the number of crossings which could .be impacted by the innovati~~-devices at 

various levels of funding. The tabl~ should be useful as a decisi6n-m~king 

tool for administrators when establishing funding levels fo~ ~ailroad-highway 

grade crossing:improvements. 

·, ,; 

For example, the field itudies 1ndicated that hi_ghway trafflc:sf~nals 

show great pro~~se fpr improving saf~ty ai_certain ~rossings'.pres~htl~' 
, , 

controlled by flashin·g light signals. This being the case, an:·adm-tnistrator 
,· 

would want to k~ow what it would cost to implement traffic.signa]s at-all or· 
• • • I 

part of the candidate crossings. For the sake of illustration, assume.that 

10 percerit of the nation's crossings presently controlled with flashin~ light: 

signals were identified as likely candidates for highway traffic signa1s, 

~;om tabl~ 35, it is~seen that it would cost $36.7 million.to .install traffic. 

signals ai 10 p~rce~t of the crossi~gs pre~ently conirolled b~ flashing ligh~ 
.. 

signals. ·As another example, it would cost approximately $12.3 million to 

retrofit 10 percent of the nation's gated crossings with four-quadrant gates'·; 
' • ~ ! 

with skirts. 

The ·reader is reminded that:benefit-cost ratios for ins.talling the 

i~novative systems would gener_ally_be very high, ranging up ·to 8.7 for· 

fqur-quadrant gate_s with._· skirts and up tr:i ·1'l7 .for new highway traffic :signal 

insta_llations. Th1Js_, ea.ch_ level of _investment in the innovative systems 

p}ese~ted~in table 3~ woul~ be e~p~cted to return many time the investment 

costs:. in ~ccident cost savings. 

Cost of Train Predictors 

The resear~h was not intended to evaluate the cost-effectiveness of 

train~predictois. However, since predictors (and th~ constant warning time 
' .r . . 

th.ey provide) were found to be extremely beneficial at one of the study 

s i~es ,: a brief 'discussion o_f predictor costs is appropriate.: 

Based upon estimates provided 'by two railroads, a basic predictor. ··unit 
' ' 

with the redunda~cy feature costs between $11,500 and $14,000, dependi~g 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. 

Total Nationwide Costs 
(in millions$) to Convert 

Installation 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 1 6.3 31. 5 62.9 125.9 
Signals Flashing Light 

Signals with 
Strobes 

Highway Traffic 11, 200 1 3.7 18.4 36.7 73.4 
· Signals 

Standard Gates with 22,006 Four-Quadrant 32,750 1 7.2 36.1 72.3 144.5 
Flashing Light Signals Gate with Skirts 

and Flashing 
Light Signals 

Other Active Devices 9,033 Highway Traffic 11, 200 1 1.0 5.1 10.1 20.2 
·Sfgnals 

Passive Control 2 128,577 Highway Traffic 42,880 3 55.1 275.7 551.3 1,102.7 
Signals 

1 Installation (retrofit) costs assume that train detection system is in place. 

2 Crossings with no control are excluded, 

1 Intallation 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 singfe ~rack crossing. Multiple-track crossings 

or·crossings with insulated joints nearby will require multiple predictors or 

sets of uniditectional predictors. 

One of the railroads also provided c~st comparisons for installing' train 

predictors versus motion sensors in conjunction with flashing light signals 

~ith arid without gates. Based on the railroad's estimates, it would cost 

approximately $42,840 to install flashing light signals with train predic­

tors, while it would cost approximately $34,240 to install the same flashing 

light signals with motion sensors. Thus, the use of predictors versus 'motion 

sensors would result in an increas~d total installation cost of ~p~roxi~ately 

$8,600. For the case of gated crossings, the railroad estimates that it -

would cost about $61,930 to install standard two-quadfant gates and flashlng 

light 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 incr&ased total installation cost of approximately $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 fie.ld .studies assessed the effects of three innovative traffic 
' ,' ' ' 

control .devices on driver behavior.anp safety at typical grade crossings .. In 

addition to. driver behavior .and safety,, other considerati~ns 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 po~er requirements .. 

This chapter identifies the import.ant implementation, considerations for 

each. of the three innovative traffic control devices. The informatiqn 

presented ts based on the experience and insight ga~ned during the field 

evaluation,, as we.11 as input from Southern Ra,i_l.way employees;,,_City of Knox­

vil.le Traffic Engineering Department personnel;. t~affic signal contractor,s 

who i.ns~alled,, operated, and/or mainta_ined the innovativ!? devices; and many 

years of railroad-highway grad~ crqssing experience by the project staff. 

"Four..:.Quadrant Gates with Skirts 

The most effective devices, in terms of driver response and safety, are 

the. four.-q_uadrant gates with skirts. As discussed in chapter V, this device 

completelJ eliminates all unwanted vehicle crossings and eflhances 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 

traffic control between standard two-quadrant gates and a grade separated 

crossing. If standard two-quadr~nt 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 would 

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: 

• 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 without 
predictors. 

• Cros~in~s fbr which motor vehicle-train collisions pose large 
potential safety problems such as: (a) crossings with large 
numbers of haiardous materials trucks, (b) crossings with 
large numbers of school buses, (c) crossings with high~speed 
passenger trains, and (d) crossings with continuing.a~ctdent 
occurrences. 

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

The above liit~d 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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Figure 49. Four~lane, undivided roadwa}''crossing. 
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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 Substantial 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 tracks for reas­

sessing if there are other trains coming on the s~t of tracks they are now 

approaching. More violations are expected as the spacing betweeh the tracks 

increases. 

Crossings with Large Variations in Train Speed~ 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 length of time that gate arms are down for 

approaching trains. Field observations would seem to indicate that in these 

types of sitoations 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 ColJi_~ions 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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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 gasoline tank trucks 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 c6llision, and 19 motor v~hicles were destroyed by the resulting 

fire. 

In addition, if a hazardous materials truck is stopped at a crossing and 

a motor vehicle-train collision occurs, the possibility of a secondary 

collision with the hazardous materials truck presents a serio~s safety 

problem. Thus, as the number of hazardous materials trucks u~ing a crossing 

increases, this safety issue becomes more severe. 

Crossings with a large number of school buses and/or public 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.pl_~ce school 

children or adult passengers in a serious safety situation, n~~ertheless, a 

: secondary collision from a hazardous materials truck can cause serious safety 

problems. As the number of school bus crossin~s a~d/0~ public transportation 

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 personal injuries and 

fatalities. Preventing a motor vehicle from moving on to th~-t~acks in front 

of a high-speed passeriger train is high.ly desirable. In situations where the 

crossing characteristics are such to cause a desire to drive around 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 51. Hazardous materials truck using crossing, 

Figure 52. Results of collisiqn of hazardous 
mat~rials 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-quadrant gates 

with skirts are standard parts commercially available fr6m several suppliers. . . . . , 

Furthermore, the hardware/equipment is the same that is used i~ 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 ohly technically 

feasible but practical and economically feasible. However, the following 

improvements would be desirable in a fully operational system: 

197 



-:-~ ." ' ,- . •, 

.~ - -. ' 

.. ..,.. 
t 

• 'I!',.-.~ ' 

''··,;~s:;;~:1~r;;,:~11~~~ 
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1 The gate arms and skfrts 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 plastic 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 raised and 

,lowered;:· This -rub~i.ng damaged the retroreflective sheeting 
which wa~ ~n thi~tioard surfaces. This problem could be easily 
remed.ie,c! ~y-mtnor· _changes in _the joint design and/or board 
a Figrimeri't. _· . ' -

' ,_-t:., ;-_' (:\" :-. : I;, 

One p~/h\/,~~,:·,.r:ai se -ccind~rn i ng the gate -arms _ and skirts is whether the 

skirts are cost-effectiv~. The fi~i? ~xperience ~uggests that four-quadrant 

gates al one may gr_eatly enhance driver performance and safety, and that the 

additional ben"efft's 0 of"skirts may be minimal. The-addition of skirts cer­

tainly compl_icates_ device 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 additional counterweight will not affect.the 
operation of the me~hinism. · 

• When the gate and ski it are lowered and stopped in the hori~ 
zontal position, there is~ tendency for th~ urift to bounc~ 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. 

:.· .. , ·,;._, 

. Syste~ Operation and Maintenance. It is very important that the gate 

arms be of sufficient length to completely block th~ roadway; If an opening 

of just 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 a~tual c;Jelay time is 
' . . I . 

based on ~ehicle lengths~ c~ossing width, and vehicle operating speeds. (At 

the Cherry Street crossing, a s.:..second offset was used.-) The delay is 

achieved by installing a delay relay in the controller and by adjusting the 

circuit resistance as appropriate. 

Three red lights should be used on each gate arm. Thus, a total of six 

gate lights across the roadway on each side of the crossing would be used. 

The two outside lights should bj oper~ted in the flasWing.mode, ~hi le-the 

four interior lights should be steady-burn. 

' ' . . 

The typ~ of maintenance for four-quadrant gates with skirts is esien-

tially the same as for standard·two-quadrant gates. Du~ ~~~the compl~t~ 

roadway being closed upon a' malfunction of the equipment, a r·easonably-,q~'ick. 

response time is needed.· 

Power Requirements. The system contains two more gate mechanism.s and 

six more gate lights, thus it uses approximately 50 percent more power. The 

additional weight of the gate arms and skirts do~s not increa~e energy 

consumption significantly because this weight is 11 accommodated" by adding 

counterweights to the panarms. 
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Environmental Considerations. The experimental gate arms with skirts 

were subje~ted to a vari~ty of environmentaJ conditions. They performed fine 

in high winds, in heavy rains, and under snow and ice conditions. They did 
• . 1 -

not swi_ng or sway exce_ss.ively,. nor did they bind up, freeze up, or snag. 

Also, the. gate~--and. skirts w~re essentially self cleaning from rain. 

Emergency Vehicles. Emergency vehicles need to be considered in imple­

menting four-quadrant gates with skirts, particularly at crossings near 

hospttal s, ,near fire stations, or on routes frequented by emergency vehicles. 

Some ideas and issues regarding emergency vehicle handling are presented 

below: 

1 Advance notificati6n of all affected service agencies is 
needed. These agencies should be informed of alternate routes 

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

• Gate.arms which.could be raised or rotated out_ of the way by 
emergency personnel either manually or electronically could be 
1nstal led··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. 

• 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. 

It shouldbe ,remembered that four-quadrant gates would only be a problem 

for emergency vehicles if the equipment malfunc\ioned. Obviously, if the 

gate arms are down because of a train approaching or on the crossing, the 

emergency ve~icle should not proceed over the crossing. Thus, if malfunc­

tions .occur infreqµently, four-quadrant gates with skirts should not pose any 

pro~lems for emergency vehicles. _ If a malfunction does occur and a. train is 

not approaching 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 light signals in reducing CLIOs 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. Furthermore, the traffic's'ignals 

proved to be less expensive than flashing light s:ignals,and much:cheaper· than 

short-arm gates. These results suggest tha~ ehhanced highway traffib 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 flashir:ig light signaH 'and at'a -

, reduced overall cost. 

Applications. Study results further indicate that, with appropriate 

revisions to the MUTCO, highway traffic signals could be used at any crossing 

where _flashing light signals are warranted. Highway traffic s,fgnals have a 

high level of driver credibility and respect because they have been -us~d · ,, 

prudently and have been well operated and maintained in the vast major:it_y Of 

cases. If highway traffic signals were to be successful at .r-ailroad-hfghway 

grade crossings, and thus, not compromise driver credibility for highway!~ 

traffic signals in general, then the same-high standards of operatio~:a~d­

maintenance must be obtained. In particular, highway traffic signals sh0Uld 0
'' 

not be considered at crossings where false activations/malfuncti6ns·a~e 

common. They also should not be used at crossings where the .frafn warning' 

and/or occupancy times are consistently unreasonably long, -i.e., above 60-

seconds. 

Some crossing situations where highway traffic signals would regularly'. 

afford- advantages over conventional flashing light' signals ate identifi~d ·-

below: 

• 
·- . ( ' 

Crossings in the vicinity of a signalized intersection or in 
the middle of a system of signalized intersections. · , " 

· • Crossings with complex highway geometrics where drivers are 
unable to make proper judgements on whether it is safe to : -­
proceed across the tracks and where gates would be- impracti-, 
cal. 

Crossings iri Area of Signalized Intersections. Motorists using a 

crossing that is located in the area of a number of signalized hi~hway 

intersections are responding with regularity to standard highway traffic 

signals.· To change to a new type cif activated traffic contr.cil device, 
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generally found nonactivated, requires some adju~tme~ts for a motorist from a 

human .factors poi,nt .. oJ view: Increased perception-reaction times-can occur 

for motorists in these situations through recei~ihg a different ~timulus fof 

processing. To provide a1 repetitive environment for a motorist, there is 

merit.in continuing to provide a standard-.highway traffic •signal system 

network across a fairly:large area to reduce the number of hew 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. 

Complex Geometrics at Crossings .. Traffic encountering complex highway• 

geometrics .at crossings is difficult to control with s·tandard rai'lroad active 

traffic control devices such as flashing light' signals or gates.· Complex· 

hi,ghway geometrics create complex driving maneuvers on the part of motori'sts·. 

Channelization .of motorists becomes critical to e·nsure appropriate movement· -

of motor vehicles in a complex geometric area.· ·in addition, perception"" 

reaction times can be. significantly increased for motori-sts through encoun...; 

tering confusing geometrics and/or a ccimplexity of acti~e traffic tontrdl 

devices. Complex geometric multileg crossings are difficult, ·to say the 

least, to act_ively control by flashing- light stg·nals ·or gates. However, · 

highway traffic signals, through the use of protected turning movement's as 

well as arrows for directional movement and guidance, can be effective active 

traff_ic control devices at these types of crossings. Figure 57: shows /!'n 

appl-ication of this· concept in Oklahoma City, Oklahoma, and figure·58·shows 

an application in Knoxville, Tennessee. 

Hardware Considerations. Except for the Barlo strobe lights in the red 

signal lenses, all of the hardware used_ is standq~d. off~the-shelf highway 

traffic signal equipment available from numerous·suppliers in-all parts of 
' ' 

the country. This· includes the signal poles anc:l fo;:rndations, ma~t arms, 

signal heads, mounting hardware, wiring, controller, and advance sign/ 

flashing beacon units. The ready availabi_lity of this hardware and competi­

tive price market certainly are advantages. 

The Barlo lights are currently available only from a sole source, .a~d 

production levels 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 .comple_x roadway 
geometrics in Knoxville, Tennessee. 
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adopted for use, it is expected that.the current supplier could.meet demands 

at pric,es comparable to ~xisti~g ac,~ive device prices. Other.n:1anufacturers 

would also be ewected t.o enter.~he_market _dep,ending on pater:it restrictio.ns. 

Any type of signal cont~olle~ can be used as long as it._is capable of: 

providing a three-part (red, yellow, and green), variable length cycle,. along 

with a flashing red mode. Also, it is desirable to fully unify the signal 

controller with the train det,e_ctio.n controll.e,r, -pla,cing them_ in. the same 
, .. L I < [ • I s • •' 

cabinet and providi119 a unified po_wer. sy_stem. 

Installation Considerations. Railroads have the experi~nced_,labor 

needed to install highway tr~~fic signals. !he .. alter.native of'.using highway 

traffic signal contr~ctor~ would also be avaiJable. 

No addi ti ona 1 right-of-way or space ( above. ,or be,l ow ~round) is needed 

for a highway traffic signal compared to a .flashing light signa,l.. Ho"(ever,. 

if advance flashing b_e_acons are used, some additional space.along .the,roadway 
.· . . ·- . . 

right-of-way may be needed for these devices. The instal.lation. of the 

beacons wi 11 generally be hanqled by the highway .agency wh.i_ch would require 

some additional coordination. 

Pow~r Considerations .. Jhe_enhanced highway traffic:signal is powered 

directly by 120-volt commercial _power.- Th~ 120-volt power permits the.use of 

higher wattage lamps (compared to flashing ]jght ~ignals). The higher 

wattage lamps are bright over a wide angle; thus alignment is not critical as 
. ' . . ' 

is the case with flashing light signals. 

For t_he_field, studies, a propane generator was used to provide backup 

power for the highwa~ traffic signals in the e~ent of a commercial power 

failure. (Backup power for the train detection system was provided by 

conventional 12-volt batteries.) The propane generator was capable 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 
, ' 

,'faifure or malfunct:ion, the signal indications go'blank. A blank signal, in 

turn ;"-'wa'rn"s niotori sts that there i's a· probl e~ and that conflicts ·with oppos­

·fng' traffic are.likely.· Experience with c'cinventfonal high~a'y traffic signa·ls 

indicates that drivers will be extremely cautious under these circumstances. 

Bitk~p-~~n~rators are·not known to be used in the illus~~ation shown in this 

::, ·:cha.pte·r ;· 

J I' 

· Tt: may he a·ppropriale to defin'e a fail-safe· mode as a flashing red for 

standard highway traffic signals used at: a railro~d-highway crossi'ng. · °This 

mode would not be difficult to achieve with a standard battery system used 

with s'tanda.rd· active control devices at a crossing: The highway traffic 

(si'gnal' shou'ld he operated regularly· on 120-volt AC power supply. Howeve_r, 

should there be a power failur~, a simple rel~y coul~ be used to s~ifch from 

the 120-volt AC power supply to the battery source to operate only a flashing 

red·l1ght-,by DC·current. Without increasing the existing capability in 

standard battery ins.tallations at crossings, one could maintain-•a fl'ashing 

'-'red· niode for a 'sufficient time to cover 'all but the most extensive power 

outages ciused-by stor~s. The increased safety benefits from t~e ~~e o~· 

h•ighway· traffic s·ignals should far outweigh any safety problems caused by· 

power failures from a major storm. 

· · Warning Time and Train Detection. The enhanced highway traffic signal_s 

cafl be··eas·ily"a·nd economically installed at crossings equipped-with flashing 
.. • .I,. 

light ~i~nils: Howe~er; for such retrofit iristallations (and for all new 
• '• ' ' • I• 

'--in'stallations), consideration must be given to providing reasonable, un1form 

train warning times. Warning times (the time that the signal is yellow'and 

then red before the train arrives at the crossing) will depend on the vari­

abflity in approach train speeds and the type of train detection equipment. 

Reas6~~b1e.and uniform warning times are essential to the s~ccessful opefa~ 

tion of the enhanced highway traffic signals. Thus, level of service Dor 

~etter'sh6u1d 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 it the crossing test site. If the wait time exceeds about 60 seconds 
207 



(particularly if th~re is no opposing traffic), the highway traffic signal 

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

At crossings with variable train speeds, it is desirable to employ 

constant warning .ti:me.· train detectors to provide warning times in the range 

of 20 to 30 5econds: Corist~ht warning time detectors should not be needed at 

crossings with uniform train speeds, since the uniform speeds ·should result• 

in uniform warning tfoies. Highway tra.ffic s-ignals will normally outperform 

flashing light.sigrials in tirms of reducing the number of motor ~ehicles. 

going ov.e_r the crossi·ng after the signals. are activated, even when. both 

systems have constant warning times. 

Traffic Signal op·eration and Timing. The highway traffic signals should• 

rest in gr~en until the a~proach of a train is detected by the train detec- ,. 

tors. When the train:•;s approximately 20 seconds from the crossing, ·:t.he.­

signa1 should turn yellow and then red. The signal should rem~in red, with 

the w~ite 6ar strobes flashing, until the train is past the crossfng. 

The length of the yellow vehicle change interval should be 3 to 6 

seconds~ dependirig on'apprpach -traffic speeds. Recommendations for seitin~. 

yellow times.for highway i.ntersecti.ons are presented in the MjJTCD.and·Traffic­

Engineering Handbook, and these guidelines are applicable to grade crassing: 

highway traffic signal installations.< 11 •27 ) 

A minimum warning time of 20 seconds is more than enough to provide. 

adequate train-car separati6n. In fact, a lesser warning time might minimiz~ 

motorist del~y, un6ertainty, and violations, while still providing adequate 

train-car clearances. Thi5 time may be increased where conditions of vehicle 

length, acceleration·characteristics, grades, number of tracks, or other 

factors diet.ate. 

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 d lengthy malfunction period. Thus, it is 

desirable to have the signal change indications in the event of a malfunc­

tion. With standard signal equipment and controllers, the most practical way 
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·to accommodate false activations is to have the signal chang_e _to a flashing 

red indication after a sufficiently long period (long enough to know that the 

activation is not due to a slow train). A time of three miriutes may be 

acceptable for most installations. This-time .. should be bas
0

elon ~pecific 

conditions at the crossing such as train speeds. and tr.afo lengths·. 

All railroad warning signs (includi~g th~-crossbucks and advance warning 

signs) should be eliminated. In their place, intersectio·n s.t.op bars and 

sig~al ~head si~ns with flashing beacons should be installed rin the crossing 

approaches. Stop bars are essential, siri~~ the normal int~rs~ction cues are 

,'.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 

r~quire similar maintenance as a standard fla~h~ng light signal system. 

However, flashing light signals, as opposed td highway traffic signals, do 

require sighting. Maintenance of highway traffic signals could be handled by 

railroad signal maintainers with very litt·le additional training. Typical 

maintenance needs include the following: ·(1) the signal lamps must be 

changed and the lerises cleaned periodically; (2) routine service checks on . 
wiring and the controller afe recommended; and (l) pavement markings must be 

replaced periodically and signs should be cleaned periodically. 

Four-Quadrant Flashing Light Signal System with Overhead Strobes 

Based on the results of the field studies, the four-quadrant flashing 

ltght signal system ~ith strobes did not appear to have a sfgnificant impact 

on the overall safety bf 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 low 
or high expo:s;uy;-.es/ '.: ·. · · · , ,· ; 

'.-'"-· :'. 

Field studies suggest that the overhe~d · ~tr:o~es m~y actLiall,y:~ncourage 

some drivers>fo cross the tracks, after stopping, whfle :the-'de'vt~~:is acti­

vated. Thi s .. ¢04ld be a probl,em at' ~rossi ngs w.ith, 'i. na9~qu~t~: :~ .. f.gfr~•di stance 

down the tracks. from the,· stopping. po·; n,t:-~:· . '- · · · .· > -~>:i.:}< . (\(:!{~·- .' 
From l imi'ted observations at .the 't:est cross in~' .·\:{:~~~ld :~·PP.~-~r that the 

four-quadrant ·post-mounted signals may not be c~'st-eif~'~\:iv~·.: :,66~J~red to two 
' ,· ' ,~ , • , - ~ ' - ~ ' ' ; : ,, 4, .~ - '. • .. . 

standard post.:..mounted signals wit~_ back-mounted lights_. ,Thu~:• ,improvements 
in safety from thi s_-system might be attained through th_e · use ·of· strobe lights 

. . 

in combination with a standard two-qua·dran't fl.~shing light signal system. 

Installation Considerations. The four-quadrant flashing light signal 

system w.i th .. strobes can be installed by regular fle l.d p~rs,o:nne l .Ja_mi J .. i:a.r with 

the installation of a standard flashing light signal system. 

Hardware Considerations. The four-quadrant flashing light signals with 

overhead strobes can be easily and economically retrofitted to an existing 

standard flashing light signal system. All of the hardware for the flashing 
light 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 lights 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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'Figure 59: Crossing where sight distance to crossing is obscu·red. 
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powered and controlled by the same controller and baitery-powered syitem used 

for the flashing light signals. 

Afignment of the overhead strobes is not critical, i.e., :stro'be vi"sibn.:.· 

ity is not particularly sensiti've to alignmen't as is the cas'e with ·roundels: 

There wi 11 be addi ti ona l wiring a·nd ·burying ·-of wire required for .the two· 

additional ·post mounted signals ·on opposite sides of the crossing.· 

- .. ,. ! • ~ , • • I 

Powe·r Considerations. The· strobes should be powered by 'the same l:fattery 

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 about ·twice the' power required for a starida rd, two-quadrant fla shi rig· ·light 

signal system. Thus, more batteries .ind battery storag·e·s·pace· may be re­

quired -for this ·system. 

System Operation and Mai nte·nance. The four~quadrant f 1 ashing light' 

sign~l system with 'overhead strobes is operated' in the same mann'er as ·a· 

standard two-quadrant flashing Tigh't signal system .. 'That is, as a train.'· 

approaches the crossing, the flashing lights and strobes are '~ctiVated ~t 

least 20 seconds prior to arrival of the train at the crossing. Both the 

flashing light 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 Imp 1 ementat ion . 

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

lines will .promote suc~essful 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 va~ious_ geographical regions 

across the country in the applications identified in the preceding discus­

sions. In fact, highway traffic signals are currently being used throughout 

the Uni~ed States at crossings with certain characteristics. For nationwide 

implementation., the systems need to be a~opted 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 standpoints. In 

addition, all three of the systems were seemingly well accepted by the 

motoring 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 ~nd the 

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 applicaticin~. 

As described in chapters V, VI, and VII, driver behavior data were 

obtained from _three railroad-highway grade crossings in the Knoxvill~, 

Tennessee, area both before and after the innovative active warning devices 

were installed. Data col.lected include warning and clearance times at the 

crossings, speed profiles, brake reaction times, maximum deceleration levels, 

average violations, and vehicle crossing rates per train arrival. A summary 

of the major performance measures can be found in.table 36. 

Speed Profiles, Braking Characteristics, and Oeceleration Levels. There 

were no major differences in speed profiles, PBRTs, and maximum deceleration 

levels in response to any of the new devices that would have a discernibie 

impact on safety. All of these measures fell. well within acceptable 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. 1 

Type of Warning 
Device 

W . T. 2 Cl 3 arn1ng 1me8 earance 
Mean LOS Time <sec> 

Violations4 
9 Mean/Percent 

Crossings5 
9 CL20s6 

9 CL_los7. 9 Mean/Percent Mean/Precent Mean/Percent 

4.00 96.8 0.60 40.9 0,05 . 5,4 

Cherry Street ·crossing· 

Two-Quadrant Gates 

Four-~~drant _Gates 

57 .6. 

56.1 

D 

D 

24.5 

48.9 

2.60 83.9 

0.00 0.0. 1.13 54. 7 0.00. 0.0 · 0.00 · 0.0 
with Skirts 

Ebenezer Road Crossing_ 

. ; Flashing Light Signals ·. 40. 8 

Flashing Light signals 36.7 
with Strobes 

C 

B 

20.5 

19.l 

3.43 · 88.6 

2.50 90.0 

1.14 55.3 0.11 '10:6 

0.05 50.0 0,05 5.0 

.. , (SP,r.ing 1986) •. 
-~ ' .' ' . ' t , : 

Flashing Dight Signals 41.6 
~~th Str<;ibes 

C 16.3 . 4.02 91.8 1.47 71.4 0.22 18,4' 

·<Summer 1986) 

Ced_ar Drive Crossing, 

Flashing Light Signals . · 75.2· · F 20:1 10.86 98.8 1.82' 63,9 . 0.39 26.5 
wjthout.Predictors 

·, -

Flashing Light Signals 41. 7 C 21.4 3.35 86.7 0,78 53.3 0.13 8.9 
with. Pr,edictors. 

'> •, •, l 

Highway .Traffic Signals 36.3 . B 20.9 0.68 35.9 0,73 37.2 0.24 18.0 0,05 . 5.1 
. wi~,h __ P_redictors 

· ,!All:•values involving motor vehicles include only train arrivals in 11hi~h a motor vehicle was at th·e 
qosJing. . . . . 

. . · 2iime in seconds between activation of the flashing light signals and the train's arrival at the 
crossing. 

3Time in seconds between the last vehicle to cross and the train's arrival at the crossing. 
•. : ,,·!' 4 ; .. ". ". _· . •.· .. -... , . . ..· . . ..: . . - . ,· 

·- · · Vehicles driving around lowered gate arms or crossing after the traffic signal changed to red. 

'·'• c ., 5V-ehicles cro~sing betwee~ activation of the active warning devices and the train's arrival at the 
crossing. : ·_;:. ' ~. . . . . 

6vehicles crossing within 20 seconds of' the train's arrival at the crossing'. 
7Vehicles crossing within 10 seconds of the train's arrival at thP crossing. 

8Levels of service .<LOS> are defined in Table 7. 

: 9Percentage of 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 values 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 comparable to the average warning time for the three 

studies at the Ebenezer Road crossing. In oth~r words, installing predictors 

at the Cedar Driye 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 Cher,y 

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 greater warning times than 

the other five studies. Thus, it appears that although motion sensors can· 

reduce excessive warning times caused by switching trains, predictors are 

necessary if the warning devices are to be operated at an acceptable level of 

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 completely 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; howevo.r, a number of drivers 

accepteq a clearance time shorter than 20 second/11)Jnt.erestingly;- 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 l·ight sfgn~ls 

_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 

(illegal behavior) and vehicle crossings (dangerous behavior) were collected 

for each of the eight studies. A~ each of the basic devices placed different 

requirement~ on approaching motorists, violations were defined as d~iving 

around lowered gate arms at the Cherry Street crossing, crossing without 

stopping at. crossings with flashing light signals, a.nd 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 crossinq · This 

performance -measure was subdivided into those vehicles crossing within 20 

seconds (CL20s) and those vehicles crossing within 10 seconds (CLlOs) 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

quadrant 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 mo'tor vehicle was at the crossing with a train arrival... Ho_weve_r,. f9r 
. . ' . • : -!: ·. - ~· .,.. 

the two-quadrant gates, a violation occurred 83.9 percent of the times when a 

motor vehicle was at the crossing with the arrival of a train_ .. The,ayerage 
'. ' ' ' : -, ., : 

warning time for the two-quadrant gates was 58.7 perceot higher than that,for 
• ,· •f - • \ 1 ' " c_ • •.,; - ' "-

th~ highway traffic signals (57.6 seconds as opposed to 36._3_ seconds) .. A~. 
' ' . '· - ... 

~~en in table 36, the four-quadrant gates with skirts_ prohibited ,11 vioJB:-: 
.• ' ' . . . 

tion~- 100 percent of the time regardless of the length of warning.time~--- , 
' •• • ,_ • , . ' : ' .I ••• 

When comparing the number of vehicles th_a,t cros~ed b~tween the_acti_v~:-. 
' ' . 

tion of a warning device and a train arrival, one finds __ t,hat the ,highwaY,, .•: 
-- . . . ' ' - . 

traffic signals with predictors had the lowest average with a_mean of"0,7~, 

Th~ next lowest average was.for the fo~r-quadra~t gate~ ~~th ~~iris wit~-~-
, . -· -· ; . ·, ·' '• -·. ,- ' ... -· 

mean· of 1.13. The flashing light signals without preqictors had .. t_he highest 
• ' L ·, I ' ' ••• •. ~ • • ~.• 

aver~'ge with 10.86. The highw,ay traffic signals _had the_,lowest_perce_n_t_age.,, 
. . . . . . . ' . . - . 

(37.2 percerit) of tra~n arrivals in which someone crossed between the time of 

activation of the traffic control _device and the arriv~l _pf __ the .train. Even 

wfth the four-quadrant gates with skirts, o_ne finds that 54. 7 percent_ of t~e 
. . ' . " . . - ~ -- . 

time a ~river ~ould ~~oss between the activation of th~. traffic control~ 
devi.c'e and. the arrival of the train. The worst conditions were for t,wo:-: .. , 

' ~ . ' . - . ' ~: ~-· . ' ' 

quadrant gates and flashing light signals without predictors, whether.they~~ 
' . • • 1· - • ' :·' 

were at· the Cedar Drive crossing or at the Ebenezer Road_ 1:rossJng._ JJ .wa~,; 

a~so noted that even with predictors, 86.7 percent of the time a driver 

crossed between the time of the activation of the warning device and the 
'. . . . - • ' . . '. . :1 / ' : ~ • -_ . 

arrival of the train at the crossing with flashing light signals.- This.:is. an 

increasi of 133 percent over that of highway traffjc signals (~~-7 per~ent:~ 
c6mpa_red to· 37.2percent) which makes the highway traff.i~-_sig~als.wi~_h-_::~: :·,.; 

predictors a substantial improvement over flashing light signals 0 wjt~.pre~Jc-
~. '. - . '. .- , - . ' .. 

tors.·. 
·:_:· .. , 

When comparing CL20s, the number of vehicles crossing within 20 .seconds 
- • 't:_ ,. 

or less of a train arrival, one finds that the four-quadrant gates ,wi.th . ,0 , 

'. ' - ~ . ' - . \ . •·: -, " . _... 

skirts perform the best with a mean of zero; however, the highway traffic '" 
" • • • •. ' ' : '-,, • • : ', • '•. '"I' 

signals h~d the next best rate with-~.24. Also, one should notice that only 

18 percent of the time was there a CL20 for highway traffic signals. The . - ' ' ' .. 

flashing light signals with or without pred~ctors ha~ th~:highest ra~e~~ 
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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 CLIOs, a vehicle crossing 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 flashing 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 less 

than 10 seconds before train arrival (CLIO) was very similar for the two­

quadrant gates, highway traffic signals with predictors and flashing light 

signals with strobes (Spring, 1986) being 5.4, 5.1, and 5.0 percent respec­

ffvely. As can be seen from table 36, the flashing light signals generally 

performed worse than the highway traffic signals with predictors. 

Benefit-Cost Analyses. As part of the research, benefit-cost analys~s 

were performed for the two most promising systems (four-quadrant gates with 

3kirts and highway traffic signals). In these benefit-cost analyses, the 

predi~ted savings in accident costs achieved by installing the innovative 

devices in lieu of standard devices were compared to the additional costs 

incurred in constructing, operating, and maintaining the innovative devices. 

Table 37 summarizes the results of the benefit-cost analyses. For 

various traffic and train exposure levels, the table shows the expected 

ranges in benefit-cost ratios for i•retrofitting" the crossings with standard 

two-quadrant gates with a four-quadrant gate system. The table also shows 

the expected ranges in benefit-cost ratios for "retrofitting" crossings with 

standard flashing light 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 

device would be cost-effective (the savi~gs 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 sign~ls would be cost-effective under a wide range of train and 
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N 
N 
0 

Exposure 

Low 
1-5 Trains/Day 
500-5000 Veh./Day 

Medium 
6-10 Trains/Day 
5000-15,000 Veh./Day 

High 
> 10 Trains/Day 
> 15,000 Veh./Day 

Table 37. Summary of benefit-cost analyses. 

Four-Quadrant 
Gates with Skirts 

(Retrofit Installation) 

0.1-4.4 

0.8-5.2 

1. 7-8. 7 

Benefit-Cost Ratios 1 

Highway Traffic Signals 
(Retrofit Installation) 

0.1-7.1 

1.9-15.8 

3.6-34.4 

Highway Traffic Signals 
(New Installation) 

0.6-30.4 

8.3-67.7 

15.3-147.4 

1 T~e 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 
equipmen~ (e.g.,·predictors, motion sensors, etc.) f~r the cr~ssing 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 "retrofitt.ing" with the four-quadrant gate system would range up to 4.4 

at crossings wi:th low exposure, to 5.2 at crossings with medium exposure, and 

to 8:7 at cro·ssings with high exposure. Also from table 37, benefit-cost 

ratios for "retrofitting" with highway traffic signals.:would range up to 7.1 

at crossings ~1th low exposure, to 15.8 at crossings with medium exposure, 

and to 34.4 ~t crossings with high exposure: Even higher benefit-cost ratios 

would be achieved.by new highway traffic signal installations at.passive 

crossings. From .table 37, benefit-cost ratios for new highway traffic signal 

installations w?uld range up_ to 30.4 at crossings with low exposure, to 67.7 

at crossings with medium exposure, and to 147.4 at crossings with high 

exposure. 

A benefit-cost analysis_for four-quadrant flashing_ light signals with 

strobes was not attempted since the specific improvements in· safety afforded 

by this innovative.system could not be sufficiently quantified at the test 

crossing. It should be noted, however, that four-quadrant fl~shing light 

signals with strobes might enhance safety at some types-of crossings (see 

chapter IX),- and since their marginal costs are relatively low, they should 

be cost-effetiive at these locations. 

Conclusions 

This secti:on summarizes major conclusions drawn from the field studies. 

Presented first ~re the conclusions for each of three·inn6vative .traffic 

control devices which were tested (four-quadrant gates with skirts, highway 

traffic signals ~~th predictors, and four-quadrant flashing light signals 

with overhead strobes). Presented next are the conclusions for train predic­

tors, which were evaluated in conjunction with the highway traffic signals 

and the flashing l.ight signais: The- l.ast section provides conclusions 

related to conducting research-at railroad-highway grade crossing~. 

Four-Quadrant Gates wit~ Skirts. The four-quadrant gates with skirts 

were field tested for approximately l 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-tjuadrant gate ~ystem out­

performed standard two-quadrant ~ates on several key measures and proved to 

be practical and cost-effective under a variety of conditions. The specific 

conclusions for four-quadrant gates with skirts are summarized below: 

1. The four-quadrant gate system substantially increa~ed 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 train) from 60 per 100 train arri­
vals to 0. 

4. Compared to standard two-quadrant gates, four-quadrant gates 
with skirts reduced the CLlOs (vehicles crossing less than 10 
seconds before arrival of a train) from 5 per 100 trains to 0. 

5. Four-quadrant gates with skirts did not si.gnificantly affect 
PBRT or ~aximum deceleration levels at the test crossing. 

6. During the entire time that the four-quadra~t 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 skirts did not create unreason­
able delays for motorists. 

9. No significant amount of traffic diverted to other routes to 
avoid the four-quadrant gates with skirts. 

10. No public complaints were received concerning the use or 
operation of the four-quadrant gates with skirts. 

11. The·· news media was very supportive of the four-quadrant gates 
with skirts. 
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:,s , 12. The wooden gate arms with skirts fabricated for the res~arc~ 
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 
~se, modifications should be made in the ~kirt issembly.· · 

A ·standard two-quadrant gate system can be retrofitted easUy __ 
·to four-quadrant gates with skirts. 

IS.I' Worldwide experience with four-quadrant gates has been good 
.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
ered for the following 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 vehicle. · 

c. Crossings without train predictors where train 
warning times are long and variable. 

d; Crossings where there are hazardous materf~ls 
trucks, school buses, or high-speed pjssenger 
trains: · · 

e. Ctossings with consistent gate arm ~iolatfbns 
or ccintinuing accident occurrences. 

17. The added cost of installing four-quadrant gates with skirts, 
c6mpared to the ccist of a standard two-quadra~t gate system, 
is ·approximately $32,750. lhe additional ~ai~ten~nc~ cost is 
approxt~ately $740 per year. The additional po~er cost is 
minimal. ·· · 

18. Four-quadrant gates with skirts would be cost-effective at 
·• many crossings with moderate to high train and/or tr~ffic 

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.light signals which had been in regular use at the cross­

ing. The highway traffic signals proved to be both feasible and effective as 

a gr~_9e ,crossi,ng.traffic control device. Driver response to the highway 

traffic signals was excellent, with the highway signals out-performing 
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standard flashing light signals on key safety me~sures when both sy~tems 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: 

l. Highway traffic signals with predictors substantially ... in­
creased the safety of the crossing compared to the flashing 
light 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 flashing light signals- 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 
(CLlOs) 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 arriva.ls. 
Only the four-quadrant gates with skirts performed better by 
reducing the number of violations to 0. 

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 significantly change drivers' 
brake reaction times, maximum deceleration levels, or speed 
profiles at the test crossing. 

8. Highway traffic signals at the test crossing appeared to be 
well understood and respected by motorists. 

9. During the entire time that highway traffic signals were 
i nsta 11 ed at the test crossing, there were no reported acci­
dents, confusion, diversions, or unnecessary delays to motor­
; sts. 

224 



10. 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 
tntersections controlled by traffic signals. The research 
staff does not believe that this will occur. 

11. ·· Highway traffic signals should not be used at crossings where 
frequent equipment malfunctions occur and cannot be remedied, 
or at crossings with highly variable warning times unless 
predictors are installed. · 

12. Highway traffic· signals have an inherent fail-sa·fe 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. 

13. ·Highway traffic signals are being used at several crossings in 
the United States, ind their performance has been good. 

14. 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. 

15. Railro"ads have the i,n-house expertise to install and operate 
highway traffic signals; however, installation and operation 
can be performed as effectively and much more economically by 
State or local highway agencies and/or private signal contrac­
tors. 

16. Highway traffic signals can be installed at a passive crossing 
for less cost than flashing light signals. Also., highway 
traffic signals can be retrofitted economically to a crossing 
with existing flashing light signals. 

17. The cost to install new highway traffic signals at a simple 
crossing, or to retrofit a crossing with fla~hing light 
signals, is estimated to be $11,200. Eighty-four percent of 
these costs are equipment costs and 12 percent are l~bor costs 
on the average. 

18. The added maintenance cost of highway traffic signals, com­
pared to standard flashing light signals, is approximately 
$200 per year. The added operating (power) cost is approxi­
mately $1,200 per year. 

19. 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 traffic signals should be tested- at additional cross­
; ng sites. under varyi.ng conditions and. in d_i ffer.ent parts of 
the country. Research is needed to evaluate the long-term 
performance of highway traffic signals. 

21. · Research. ~hould be undertaken to deter.mine· ;:f ;th·e.: inherent 
fail-safe. mode of h_ighway signals is sufficient for grade 
crossing applications; if it is, backup power requirements can 
be el iminate_d. 

Four-Quadrant Flashing Light Signals with Overhead Strobes. Four­

quadrant flashing 1 ight signals with overhead ·strobes 'flere 'field test:ed for 

approximately I year at the Ebenezer Road crossing in Knoxville.·· This 

crossing is characterized by severe sight restrictions at the crpssing 
• , 1. ' • • ·' > ' '.,.' :• 

itself. The performance of the four-quadrant flashing . light -:S i·gna,l s with 

strobes was compared to that of the standard two~quadrant fla_sh{ng signals 

which had been in regular use at the· crossing. 

B~sed on the_ test .. results, there were no significant d_Hferences in 

driver response leading to improved s·afety between th-e four.:..quacfr-ant flashing 

light signals with overhead strobes when comp.ared to.:standarpflashinglight 

signals. However,' the innovative system was found' to be· fe'a_srib,'l~ and may 

have some limited application. The specific conclusions for four-quadrant 

flashing light signals with strobes_are summa~ized below_: , .... 

1. Four-quadrant flashing 1 ight .signals-with strobes- offered ·no,.· ·--: · 
apparent safety or driver response advantages over standard 
two-q~adrant flashing signals at the test cr6sstng; · · -,: 

2. ·Four-quadrant flashing light signals with ~trobes.did not_ .. , 
sign'ificantly affect vehicles crossing, ·clearance times; ·· '· 
approach speed profiles, maximum deceleration levels, or brake: 
reaction times at the test crossing. ,-', .. , . .. . \ -

3. Th~re were.no reported accidents, confusion, or,_,motorist ,>'t;. 
diversion while the four-quadrant flashing light signals with __ ,. 
strobes w·ere installed. '-, ; · · ( ";"'·· - : · .. -::.i·: ,:;' 

4. The:overhead strobes performed adequately throughduf ih~ 
1-year test period._ Their alignment_was not t'ritfcal to vis1-

bil ity, and their brightness did n·ot "wash' out" ofher ttaffic 
control devices. They produced no known hypnotic effec~s on 
drivers. ·· ·- · 
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5. Based on the research, four-quadrant flashing light signals 
with ~t~obes are generally not recommend~d as an enhancement 
over ~tandard two-tjuadiant 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 signals may be a better or equilly effective alternative. 

7. Four-quadrant flashing light signals with strobes are easy to 
retrofit to crossings with standard two-quadrant flashing 
light signals. 

B. The retrofit installat.ion cost is approximately $19,200. 
Almost 70 percent of this cost is labor, while 25 percent is 
equipment cost. 

9. The maintenance cost of four-quadrant flashing light signals 
with ~trobes is approximately $450 per year more than for 
standard two~quadrant flashing light signals. Operating 
(pow~r) 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 strobe~ would require additional battery capacity for the 
same leyel.of-fail-_safe operation. 

11. Further research or wide-scale implementation of four-quadrant 
flashing light signals with str.obes wo.uld 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 variable and sometimes long warning times resulting from these 

var1able train speeds, trai~ predictors were installed at the crossing prior 

to the installation of highw~y traffic signals. This pro~ided 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 resulting conclusions are summari.zed below: 

1. Train predictors.reduced the average number of vehicles 
crossirig the tracks while the flashing light signals were 
activatjd from 1,0~6 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 crossing, the predictors reduced the number of 
CLl0s from.39 perl00 train arrivals to 13. 

4. At the.test cro·ssing, the ·installation_of train predictors 
reduced the ~verage leri~th 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 p~edictors. 

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 negotiations, liability, 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 Administration and the Federal Railroad 
Administration. 

3. Once standard contract and liability issues are agreed upon, a 
list of railroads willing to participate in research under the 
standard agreements needs to be formulated. 
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4. Unless the Federal Highway Administration and the Federal. 
Railroad Administration take the lead in working out the 
problems with testing devices at crossings, there wfll 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 PROJECT RESEARCH 

The research activities of this long-ter~ prciject ha~e b~en extensiv~. 

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 rrepnred throughout the 

duration of the project: This appendix briefly reviews majorrfiridirigs from 

individual tasks that have been previously reported. ' 

Domestic and Foreign Research and Practices in Railroad-Highway Grade­
Crossing Safety 

The first report_ing of ac_tivi,ti_es on the.projer:t wasa .literature­

n~view report titled Domestic and Foreiqn_Re_search andPracti_ces_ in_ Rail-. 

_r_9_!d-Hj_g hw~_y Grade Cross i n_g__kf~_1l. ( 1 O) The a re as ,J dd res sed in th i-s . first 
' . - -

report were: (1) studies.related to driver needs; (2) _studies related to_ 

signal hardware; (3) studies rel_ate.d t.o effectiveness .of warning systems; 

a.rid (4) studies a.nd prac_tices in foreign countr·ies. Ninety _abstr:1cts, 

selected ft'om over 800 references, contained major conclusions related to 

the areas _cited above. 

The report is a comprehensive summary of techni~ues and approaches 

found in the literature and o\her sources that relate to the improvement of 

safety at railroad~highway grade crossings and is directed primarily toward 

the ~se of innovative or nonstandard active warning devices .. References.-­

contained in the appen~ices of the report address the. ~ntire spectrum_ of ~he 

railroad-highway grade crossing problems for the bp11dH. of those conducting 

research in related areas. 

Several agencies throughout the world were contacted to secure.refer~ 

ences on railroad-highway grade crossing safety improvements. In the United 

States_, a search was made of the Rai.lror1.d RP.s~~r·c 11 Information Si=>r•,ice 

(RRIS), the Highway Research Inforn,ation Serv'ice (flRlS), -the National Safety, 

Council materials, a;1d the tforthwestern l!niversily l, .. M1<;portation Libra~y. 
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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

tem~i :of the-Asso~iation of-Amerjcan Railroad~,was also contacted for 

informat.i9n._ : 

Outside ,the .United States,. letters requesting_ information were sent to 

ofJfciaJs_,in Canada, Australia, The Philippines, Japan, Austria, Belgium, '­

Denmark, France, Germany, Ireland, Italy,·.The ~etherlands, Sweden, arid the· 

United Kingdom. The Australian Road Research Board provided a bibliographic 

search. on."grad._~ -,~_r:os,s ings. _. 

Reports and articles which could be obtained were reviewed, and a 

summary was pre1:iared for each report or article that was related to innova­

tive !act'ive warnfng· devices'. - The report contains a· summary of 90 reviewed 

arti'cfes and/or repo'rt's that have some bearing on the overall research· 

project.' :Each br'iei summary furnishes the basic abst~act, the major conclu­

sions/ and- the source from which the document might be obta_ined. The report 

also- contains a:comprehensive bibliography of 803 references- on r-ailroad­

highway grade crossings, both ·domesdc and foreign. · The references were 

included for use by researchers in the railroad-highway grade crossing 

safety a.rea. 

The literature· review report documented that numerous approaches have 

be:en- taken to: •imp rove safety at ra i 1 road.:.hi ghway grade crossings. These 

approaches·have be-en in the form' of signs, signals, lighting, or other types 

of'devkes·th·at would·appear to better alert the motorist to a railroad­

h4ghway:~tade-crosiing. Unfortunately many of the techni~ues used at 

railroad-highway grade crossings have not been consistent with sound ~ngi­

neering or human factors concepts. In certain instnnces, these techniques 

may ha~e act·ua1ly' reduced rather than improved the level. of safety: In 

additi~n; 've~y fe~ f6rmal evaluations have occurred where these techniques 
. . 

have be~ri ctiliied. Many of the nonstandard techniques which h~ve been 

utilized ha~e risen from the belief that the present warning devices do not 

meet~th~ needs 6f mot6rists. 
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The report documented ~hat automobiles a~d trai~s h~ve ~hanged substari~ 

tially over the yea~s, ~hile the present warning~de~ic~s 1re essent1al1y th~ 

same as were developed at the beginning of the autom'obile age. The early 

warning devices for motorists approaching ra i1 road:.hi ghway grade crossrn·~fs 

took into account two human senses--seeing ·and hearing: At' the time the·se · 

devices were developed, vehicles could not attain hi~h rates of.~peed·and 

were designed in such fash·ion that sound, could readily enter the passenger 

compartment. These charact~ristics a~plied to both cars' and tr~ck~: 

However, over time, great improvements have been niade in the speed capabilt~ 

ties of automobiles and in the acoustics 6f their interior c6mpartmenii; -

thus making it difficult for sound to p~netrate the bodj bf the car and:watn 

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 ra ilrdad-hi ghway .grade 

crossings. 

Motor vehicle speeds on the average, increased substanti~lli ov~~ th~·i 

years, even though in more recent times the national maximum speed limit was 

set at 55 mi/h. Also, train speeds have increased ~bmewhat over th~ years, 

·particularly on certiin tracks ahd with pa~senger trains: There are ionit~~ 

ua 1 efforts directed toward increasing the 'speed capabi l i tfes of trains\ ·no·t 

only in the United states but in foreign countries as well. 

The changing characteristics of motor-~ehicl~s and tfains have at.timi~ 

reduced the effectiveness of warning devices.· With:an increas~ in ~~~ed · 

(which normally requires greater sight di stances) and ·the·· iniprov·emerit fo 

acoustics (which reduces the effectiveness of whistle.:; or bells)·, there 1s··a· 

need for new and innovative devices that will add"to or improve· safety ·a"f' ,. 

railroad-highway grade crossings. Arguments are that the devices developed 

for the early automobiles whi.ch did not have acoustical improvements, had 

lower speeds, and sometimes had greater visibility a~e no€ adequate f~f; 

today's modern automobiles and trucks. 

The literature review shows that numerous research reports·,' artic:l.es,· ._: 

and papers indicate th~t existing traffic control devi~e~ ~tiliied at ;·· 
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ra.i lroad-hi ghway grade crossings do not "command" the.obedience of drivers. 

The obedience to these traffic control devices is less than desirable, and 

the de_vices are violated by drivers who are f.amiliar with the crossings 

(repeat drivers). In.~dditi9n, many drivers simply do not understand or 

comprehend what. i~ expected of them when approaching a railroad-highway 

grade crossing, as is evidenced from various studies. T~e 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 

controJ devices, .either pa~sive or active. Thusi 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 11 of a 

specific_device: 

It would app~ar from the literature review that there are no signifi­

cant problems wrth technology providing innova-tion in traffic control 

s~stems,for rail~9ad-hi~hway grade crossings. Co~ts 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 

imprc,_v.~m_ents tn traffic control devices. These relate to liability issues 

and o_ther .aspect.s .of major con.cern to the rail road industry. Some of the 

p_ast res,earch. indicated that thes.e impediments are more of a perceived 

natur~-than of real substance. 

Research has been.directed toward determining the effectiveness of 

warning devi.ces used at railroad-:highway grade crossings. The literature in 

this area again would indicate that the traffic cont.rol devices used at 

railroad-highway grade crossings do not have the impact needed on the 

traveling 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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to a lack of enforcement of traffic laws which: apply.,'a"t the ·crossi rtgs _., ,,_,,::­

Whatever the reason, there is a need for improvements in traffic control 

ope rat ions at grade crossi ng.s. · Some of the literafore,.fod.icates that' it 

. would be difficult to provide enforcement at. levels· which 1_wou0ld.hav.~_an· 

impact on driver obedience to .traffic ·.contro·l device·s> :so·me argue .that" i.t·: 
:' ', 

.is an educational problem on the ~art bf the drivers and~that drivers-do·nbt 

. understand ~nd compreh1,rnd · what is expected of them: at ·a grade crossing.: · ': 

A . rea so nab le amount of work has been conducted:· in foreign· countri'es •, • 

re.·lative to safety at railroad-highway grade crossings: - Specifically, a·'-' 

review was made of reports from the United Ki•ngdom·, Canada/Australia','·,· 

Japan, and Europe.· The practices•· utilized. at, ra Hroad'-hi ghwai grade ~- ·- · ,· 

crossings in these countries are s jmil ar to· ·those· in the UnltecH-State's ,":? · :' 

although there are some differences. As an example, full barrier gates are 

used in some foreign countries as standard practice, but;n6t~·;n the~United 

States. In .addition,· white and green lights- are·, used on ·certain open-'•·'.-:·· .. ' 

crossings. There are large numbers of· crossings· with manual ly-ope·rated ,:;-, :. 

gates. 
~ ~. ' 
:_: . ' . ,,!·{~ • - . J ... 

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 signing.and -ltghtirig to make the 

open crossings with active warning-·devices more conspicuous.' ·.It appears'°,; 

that certain countries allocate far more resources to ,safety-~at"tailroad~~~ 

highway grade crossings than other countries . 

. A review of-t.he:.literature indicates.that numerous:t-hings can·be"dcirre-' 

. to improve the conspicuity of traffic contro1:·devices used ,at rai-lroad-"ir 'Y:_) 

highway grade crossings. However,· these techniques are not"·becomin<,(wrde lY 
used in the industry. ·It also appears there is a reluct-arice to•.'be·:i.iriova.::.~1

• 

tive at grade crossings because of considerations that ar·e re'lated0 ri'ot'•fo ·,, __ 

hardware availability or cost, but to other factors. A lack of continual 

improvement in safety at rai'lroad-highway grade C"ro·ssings··may be due·'"n.ot to 

technological aspects but·more ·to percei'ved legal and·: Ot'her c:cinsiderafio'ns'.' 
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Conceptualization and Subjective Evaluation of Innovative·Railroad-Highway 
Crossing Active Warning Devices 

The s.econd report from. the project, tit 1 ed Conceptualization and - · 

Subjective Evaluation .of ~Innovative Railro'ad-Highway Cr·oss·ing Active Warning 

.Q~vices, dealt with the identification of·innovative active warning deVices 

.that.could be implementedin·the field.< 54 ) The research contract require·d 

that eight_ innov.ative devices be conceptualized and subjectively evaluated. 

Effectiveness, public acceptance, first cost, life expectancy, power re­

quirements,- and other device attributes were to be.utilized in the-evalua­

tion process. From the eight innovative devices tonceptualized 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 w~re selected for laboratory testing.) 

Several methods could have been used to generate or conceptualize 

innovative rajlroad-:-highway grade crossing active warning devices. The, 

pr6cess chosen in this portion of the research was·to select·approximately 

30 individuals representing railroad companies, signal manufacturers, 

consultants, university researchers, and representatives of Federal and 

,State:government, all with expertise in the railroad-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· pr_actice and research experience in this- area. 

A 1-day workshop was held in Washington, D.C., bringing together these 

indi.viduals representing a wide vari:ety of expertise in ·the railroad-highway 

grade crossing -safety area.· During this all-day workshop, ·numerous concepts 

of railroad-highway c~ossing active warning devices were verbalized and then 

described fn writing. In addition, these concepts were ranked by those in 

attendance to reduce the total number for final consideration. 

Aft_er the 1 "".day workshop; mail questionnaires were used to further 

evaluate 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 sky11 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 warning devices are 1 

shown in table 38 and figure 60. Table 38 shows the absolute rankings while 

figure 60 gives the relative rankings of each al_ternative. From these eight 

candidate devices, which were developed through the ranking-~rocedures 
. . --

utilizing repre~e~taiives from various ~reas of the railroad-highway grade 

crossing safety field, 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 developed the conceptual systems 

that were laboratory tested. 

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:secorid system 

can be defined as the use of standard highway traffic signals. The third 

system can be defin~d as making improvements on existing r~ilroad flashing 

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. 

Four-Quadrant Short-Arm Gate System. Two alternatives of a short-arm 

gate system used in all four quadrants were selected for testing in the 

laboratory. An example of this concept is shown in figure 61. As can be 

seen, short-arm gates covered the entire roadway. Skirts were used on each 

arm as is common practice in certain European countries. The -short-arm 

gates were elevated slightly above the hood of a standard automobile, 
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Table 38. Results from the analysis of likert scaling 
of system alternatives (n = 24). 

Form I.Jl -Form III2 
Average Rank Based - Average Rank Based 

Li kert on Average L ikert on Average 
System Rating· Likert Rating 3 Rating U kert Rating 

1 3.83· 2 4.04 2 
2 3.46 S(T) 3.71 7 
3 3.04 6 3.25 8 
4_, 3.46 S(T) 4.00 3 
5 3.61 4(T) 3.83 6-
6 3.71 3 3. 96 4 
7, 4.08 1 4.58 1 
8 3 ._61 4(T) 3.92 5 

(1 = Much Worse; 2-·= Worse; 3 = Equivalent~ 4 = Better; 5 = Much Better.) 

1All systems were·compared with a standard gate with flashers. 

2All systems were compared to a standard flasher system without gates. 

3 T indicates a tie in ranks. 

Brief System Description 

1. Auxiliary_strobe lights added to complement existing railroad flashing 
stgnals with or wfthout gates. 

2. Standard highway traffic signal i~ conjunction with standard grade 
crossing flashers or strobes, with standard flasher-gate systems, or a 
combination-of the above. 

3. Standard highway traffic control device by itself. 

4. An amber light on continuously 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. - · · 

5. Siandard highway traffic control deviie used in conjunction with an 
active-advance warning signal. 

6. Standafd highway traffic device ~sed in conjunction with ari active 
advance changeable message ~ign. 

7. Short-arm gates in all four quadrants. 

8. 11 Second train 11 advisory. 
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System Descriptions 

Short-arm qates in all four quadrants 

Standard highway traffic signal used in 
conjunction with an active advance 

. warn i nq s i qn. 

Standard:highway traffic signal used in 
conjunction with an active advance 
changeable message sign. 

Standard hiqhway traffic siqnal used in 
conjunction with standard grade crossing 
flashers or strobes, with standard flasher­
gate.systems, or a combination of the 
above . 5 

6 
4. 
3 

~----- An amber light on continuously when there 

1' 

~ 
8 

~· 

3 -------

is no train approac;hing or occupying th~ 
crossinq which changes to a--red li~ht in 
conjun_ction with other. red. lights .when a 
·trairi is detected. 

Auxilliary-strobe liqhts_add~d to complete 
existinq railroad flashinq signals with or 
without gates. 

11 Second train 11 advisory signing. 

Standard highway traffic signal used by 
itself. 

Figure 60. Res~lts from the -a~alysi~·of paired comparisons 
·of the system alternatives (n = 25). 
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Figure 61. Proposed four-quadrant gate system (one approach shown). 



incorporated wider ~rms, and used highly reflective material. Alternative A·: 
chosen for laboiatory testing had skirts, alternative B did not. 

A delay functf6h was incorporated into the control system to delay·th~ · 

actuation ~f th~·far·-side gate arms for some 3 to 5 seconds. This reduced 

the possibility df -~ vehicle becoming trapped on the tracks with th~ gate 

arms lowered. 

'. 

Standard H_ighway Traffic Signal System. It is noticed from figur~ 60 

that a standard•hi.ghway traffic control device, when used by itself, had the 
' ,' , . ', ', :,·. 

lowest ranking bf any of the eight candidate devites evaluated. However, -~f 

one adds an ac~ive.idvance warning sign or an active advance changeable 

message sign, ~h~s-concept becomes second and third in importance relative­

to the four-quadi~~t short-arm gate 5ystem. A standard hi~hway traffic 

signal used in, c_onjunction with standard grade crossing flashers or with 
' .. '.' . 

standard flashe·r..:gite systems ranked lower than when the standard highway·:: 

traffic signal was used in conjunction with an active advance warning or 

changeable message sign. 

The second·'conceptua 1 system proposed to be 1 aboratory tested _was 

similar to th~t' .. shown in figure 62. Preliminary laboratory testing resulted 
''' .. 

in the two alt~~nitives evaluated being with and without white bar strobes 

in the red signal lenses. 

Flas~ing. ~_ight ·Signal System. It can al so be seen from figure 60 that 

three conceptu~l ~~siems make use of flashing light signals presentl; fo~nd 

at railroad-highway ~~ade crossings. One of these concepts would be the uie 
. . . . 

of an amber light:ihat would be on continuously when no train was approach~ 

ing or occupythg the crossing but that would change to a red light in 
' • l • 

conjunction with the flashing light signals when a train was detected. 

Another concept would be to add strobe lights to complement existing rail-· 

road flashing light signals to increase their conspicuity. The third 

concept would include the use of a "second train" advisory sign. The second 

train advisory"sign could include a word message or other types of warnings 

that would be easily learned and understood by the motorists. 
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Figure,63 illustrates the type of system that would represent the third 

concept to be tested in a laboratory setting. Two variations of ~mprove­

ments upon existing flashing light signal installations shown in figure 63 

were recommended f~r_testing in the laboratory to enable an evaluation to be 

made of these prop9s~~ j~provements. I~ the laboratory testing, one alter-
- . 

nativi incorporate~~v~~~ead strobe lights while the other alternative did 

not. 

Resulting Sysle'!'S,. By c·ombi·ning;specific,:characteristics of the eight 
, • f ' ' , ' • - - ~ -

candi1ate systems ini6 the three sysi~~s described and shown in figures 61 

through 63, one can 1ncorporate six of the concepts that eman~ted from the 

evaluation of t~e eight concepts shown in figure 60. The final results are 

three _-_very di st i net system concepts differing in basic characteristics and 

costs that were laborat~ry i~ited. From the results of the laboratory 

testing, these six conc~pts (composing three systems) were reduced to three 

concepts which were field te,ted. 

t·ven though these concepts proposed by individuals working in tne·rai_l-
' -

road-highway grade crossing .safety area· were somewhat pragmai;-i·c ·in· -nature·! . 
. ,, ,., 

some fundamental concepts are substantially different from active war:n-ing· . ..- - ~ ... , . . .,.. 

devic~s presently us~d. · The use of short-arm gates in all four quadrants is 
-;,, 

a sig~Jficant departure from pr~sent practice in the·U~ited States, although 
_, .. ., 

not fr·om practice in certain countries in-Eur.ope. In addition, the use of 

standard highway traffic signals at railroad-highway grade crossings is a 

defintte move toward plicing a railroad-highway grade crossing in the same 
_ .. ' - ' 

category as a highway intersection. This is a significant departure from 

current practice. The improvements in existing railroad flashing light 

signali, of course., are-minor adjustments to current practice. While one 

may vi~w the systems.proposed tp be ~ragmatis~~the concepts provide for a 

fairly significant thange in current ~hilosophy and practice. 

Evaluating the Effectiveness of Innovat·ive Railroad-Highway Crossing Warning 
Devices 

The third report from the project, titled Iy~J_uating the Effectivene~2 
of Innovative Railroad-Highw~rossing __ Warninq Devices. was concerned with 
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the current use of inn?vative devices at railroad-highway grade crossings in 

the United States and whether the effectiveness could be determined from 

dev~~e~ i~ use_(SS): in orde~~to evaluate innovative (nonstandar~)•­

railroad-b~ghway crossing warning devices which have been develo~ed and 

installed in the United States, it was necessary fir~t to ascertain.where_ 
. . .· . . ' . \ '' ' , . ,, . . . 

such devic~s had been,_or are
1
being,_used. _ Rea_lizing that a compreherisiye 

before-and-after study of any one site would be difficult to a~hieve and may 
' l • •l ' . '. • . ' . 

not_be me~ningful, it was feJ\ that a large_number of installations over 

considerable exposure periods would be required for a meani~gful ~ta~istical 

analysis. If such a group of installations were identified, before-and­

after acciqent data could, perhaps, be.pooled in such_a way as to evaluate 
'. • ' • • ·, I l : . . ' 

_the,,accid~nt reduction poten}!al of these d~vices. B}'. site stratific~~ion, 

the effectiveness of specif,c devices used at specific locations (urban vs. 
. ' ~ . - . 

rural, tang~nt_vs. curved ro~~ways,_high vs. low volume) then_ might be_ 
. . ' . . . 

determined. In this way, cer}ain site characteristics could be igentified 

where_a particular treatment of system would_produce ben,fit~ .. 
. ' . ' 

The data for such an analysis was taken from two sources--the National -, 

Railroad-Highway Crossing Inventory records and a survey of railroad agen-

cies, companies, an~ State governments. 

National Inventory. Specifically, an analysis of the listing of 

war~ing devices for the national inventory indicated_five areas pf ''nonstan­

dard" warning devices that are coded into the inventory. It was felt that a 
. . '•• '·' 

review of these codes for all crossings might give s9me indication as to the 

specifics of the type and location of innovative devices which are now 

being, or have been, used. The five identified data.fields were as follows: 

• - Other stop signs (SS). 

• Other signs (0S1, 0S2): 

• Other colored gates (0 Gate). 

• Other flashing lights (OFLS). 

• Hi~hw~y signals (SIG). 
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A brief review of the summary data, however, suggested-that the number 

of crossings with devices in one or more of these categories was substan­

tial. For example, 1,059 crossings had "other signs" and 7,632 crossings 

had special warning devices of ·some type. Due to the sheer volunie of 

c~oisings with no~standard devices, l~ss that th~ full data set was selected 

for ~nalysfs. Consequently, ·the Fed~ral Railroad Administration (FRA) 

furnished the Transportation Center with the most recent inventory files for 
.. ' 

243 randomly-selected crossings which had entires in at least one of the 

appropriate fields as listed above. 

. j ... 

From a private effort made in 1981, the Transportation Center also.had 
:. ,.J. 

access to inventory ~nd accident history fil~~ for five trossfngs in Louisi-

ana. In addition, data from three crossingi in Illinoi~ wefe received 

separately from other sources. For each of i~ese e~ght crossings, at least 

two files were received, 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 files, the 

research team decided that the quality of the data available from the 

national inventory would not permit the desired analysis. Too minY discrep­

ancies were apparent in the files to allow a meaningful 'analysis. Specific 

discrepancies were noted on such items as inventory updates, dates of 

charges, 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 avai.lable. 

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 cro,ssing warning devices both inside and outside 

the United States, letters req~esting information were sent to highway 

and/or railway officials in aJd 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 th,. National Safety Council and the Railway 

Progress Institute. Enclosed with each letter of inquiry w~s a brief 

summary of the research project goals, objectives, and work plan. The 

addressee was then asked for any available information (such as papers, 

repbrts, accident data, or oth~r materials) deiling with the use of such 

devices, their costs, requirements for fall-safeness, standby power req~1re­

~ents, maintenance requir~ments and practice~, and motorists' responses. 

Also requested was information related to motorists' needs at railroad­

high~ay 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 Canadi~n province 

of Ohtario, the Ca~adian Northwest Territories, and the Southern Railway 

System. Of the 31 responses, 21 indicated that the responding agency had 

done no work in these areas. The remaining 10 rerorted to a varying degree 

devices installed or to be installed, but in general were unable to provide 

meaningful data relative to any evaluations. 

The majority of the reported innovative devices fell into one of two 

categories: (1) active advance warnin~ devices; and (2) the use of strobe 

lights. Reporting in this first group were the States of Florida, MarylandJ 
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Ne8r~sta, Penn~yl~ania, and T~xa~, and the Province of Ontario. The second 

group included Arizona, California,· Florida, -,Illinois, Nebraska,· and New· 

York\ · 

·,' · The expected before""and-after analyses df pooled data to determine· the 

effectiveness of innovative devices in use at crossihgs in th~·Unit~d States 

could not be completed. The identification of such devices through the use 

of national inventory data is considered difficult al best, and such data 

certainly do· not lend themselves to any reasdnable statistical analysis. 

Furthermore, data received from State and ag·e:ncy responses were not helpful 

i~ identifying any innovative devices wh~re 8~ta of s~fficient q~antitles 

w~t~ a~ailable for analyses. :o 

laboratory Specificafion and Testing of Alternative Active Rai-lroad-Highway 
Grade Crossing Warning_ Devices 

The fourth report from the research proj~ct, titled Laboratory Speci-. 

fication and Testing of Alternative Active Railro_c1c:_I_-H.ighway GradeCrossing 

Warning De~ices, outlined_ the specifications _for laboratory testing the 

alte.rr:1ative active railro~d-:-highway grade cr;ssing warning devices .. <56} The 

repor.tdid .not contain "resultsll of any of_ the research bu.t simp,ly.outlined 

the laboratory procedures to be used. During the laboratory t~s_ti.ng., mi .nor 

changes were made in the testing procedure due to unforeseen circumstances. 

Th~.basic methodology employed in the laboratory testing involved the use of 

32 sµbj~cts selected according to age and sex. These subjects operated an 

. instrumented: automobile a_t a target speed of 40 mi/h on a LS-mi.le section• 

of a private two-lane road~ay. As the subjects drove the research vehicle 

al~rl this_roadway, the prototype active railroad-hi~hway·grade crossing 

warning.devices were activ.ated. Driver response to these devices were 
r•,: :,' '':, , . . . ' . 

ob~erved and _recorded with a computer. 

Investigation of the Effectiveness of Railroad-Highway Grade Crossing 
Warning Dev ices 

The fifth report of the research project, thled _Lnvestfgation ~f the' 

-~f~etti~eness of R~ilroad-Highway Grade Crossinq~Warninq_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 

effectiv~ness 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-htghway 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 conformanc~ 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 standard-~ .. 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 

a5sociated 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 low train sp~~d locations. Active traffic 

control devices at railroad-highway grade crossings apparently do not always 

compensate for these attitudes and provide t~e 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 safety·: 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 limitations 

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 

249 



charact,eri,stics. of the crossing, including .such things as ,highway traffic 

volumes and type of device in place, were not accurate. This was also in 

evidence from the fact that some of the accident/incident reporting files 

did not contain the same data for the crossing that the inventory records 
' < - ' ' • "'' ,, 

contained.' In addition, when an inventory update does occur, it is not 

possible td ascertain all of the characteri~tics of th~ cro~sing thit 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 railro~d-high~aj grade crosiirig~. In addition, 

wh~nev~r traffic control devi~es are changed at a given crossin~, ari update 

should be made immediately the-reafter. There is also a need to list t.he 

specific date of the change associated with each characteristic of the 

crossing. 

Development of Innovative Railroad-Highway Active War·ning Devices 

,., . ..- The sixth report is a paper prepared for presentation titled 11 ·bevelop­

ment,of Innovative Railroad-Highway Active Warning Devices".{SB} · This paper 

was presented at the 1982 National Rail-Highway· Crossirig Safety C6~ieren~e 

held in Kansas City and was published in the proceedirigs of· the confei~ni~. 

This paper reviews the activities of the project from its beginning through 

the installation of the active warning devices in the- labo.ratory testing 

phase. The results reported ih the paper will- not be ~epe~ted heri ~~ l~~Y 
are contained in other ~ortions of this revie~ of pre~ibus re~ea~ch proje~t 

·activities.· 

Laboratory Evaluation of Six Active Warning Devices for Use at Railroad­
Highway Grade Crossings 

The seventh report from the project, titled 1~b9r_~_i9_n1_Jvaluation of 

Six Active Warning Devices for Use at Railroad_-Hj_g_bway Grade Crossings, 

contained the results from the laboratory testing. ( 59 ) The six active,-: 

warning devices chosen for laboratory testing were: 

• Four-quadfant gate system {without skiits). 

• Four-quadrant gate system (with skirts). 
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I Four-quadrant flashing light signal system (without strobes). 

I Four-quadrant flashing light signal system (with overhead 
strobes). 

I Highway traffic signal system (with one white bar strobe). 

I Highway traffic signal system (wi.t_h three white bar strobes). 

The testing of these six active warnin~~devices was conducted on a 

private two-lane roadway at the McGhee-Tyso~~ir National Guard Base near 

the main Knoxville airport. This test facilJty provided a good -combination 

of road geometry, vehicle control, secur1ty,,.,: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 anti~ipated 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 LSI-II 

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 and 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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Association portable model for reaction time testing, 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 pro~~dures provided both absolute and relative 

rankings of the effectiveness of each device as perceived by the test 

subjects. Attitudinal responses were obtained for both day and night 

driving conditions. 

The basic experimental 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 warning 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 warning 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 bf variance (ANOVA) 

statistical technique, evaluations were made to determine the following: 

• Differences in the effectiveness of each of the six active 
warning devices. 

• Differences in the effectiveness of each of the three basic 
system concepts of four-quadrant gates, flashing light 
signals, and highway traffic signals. 

• 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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• Differences in the effectiveness of each of the six active 
warriing devices and each of the three basic systems under day 
and-night driving conditions. 

A large combination of factors and a vartety of conditions were used to 

evaluate the effectiveness of the six individual active warning devices as 

~ell as the-effectiveness of the three basic ;systems of active warning 

devices; 

Some of the more important conclusions derived from. the analysis of the 

data obtained in the laboratory testiMg weres~ 

• :All six innovative active warning'"'aevices were perceived by 
the test subjects to be superior to standard active warning 
devices currently in use at railroag-highway grade crossings. 

. '-•- -

• Four-quadrant gates (with skirts) were always perceived by 
the test subjects to be the most effective on both an abso­
lute and relative ranking for both day and night driving 
conditions. · 

• Flashing light 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 ~ay and night 
conditions. · -

• 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 Oashi n-g 
light signals. 

• For· short, medium, long, and null actuation distances; 
highway traffic signals resulted in slower brake reaction 
times than did the other two systems. 

• For short actuation di stan.ces, there were n9 differences in 
deceleration rates for any of the six active ~arning devices. 

• There were no significant differences in brake reaction times 
or maximum deceleration between day and night conditions for 
short actuation di stances, but there were differences for 
medium and long actuation distances. 

• Four-quadrant gates (with skirts) tended to ·be a superior 
system in all categories of analysis~· 

• Generally speaking, Alternative 
skirts, with overh&ad strobes, 
strobes) was more effective. 
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1 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 effectiveness between these 
two systems. 

Experimental Plan for Field Testing Three Active Warning Devices for Use at 
Railroad-Highway Grade Crossings 

The eighth report, titled Experimental Plan f~r Field Testing Three 

Active Warning Devices for Use at Railroad-Highway Grade Crossings, was 

prepared to guide the field testing of three active warning devices_(GO) 

This report outlined the experimental plan and the measurements of effec­

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 el.sewhere in this presentation. 

Evaluation of Six Active Warning Devices for Use at Railroad-Highway Grade 
Crossings 

The ninth report from the research project, titled "Evaluation of Six 

Active Warning Devices for Use at Railroad-Highway Grade Crossings," was a 

paper prepared for an a~nual Transportation Research Board meet1ng_(Gl) The 

material in the paper was taken from internal reporting prepared on the 

laboratory te_sting phase of the project. The paper cov.ered 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' Understanding of 

Active Warning Devices Used at Railroad-Highway Grade Crossings,~ dealt w1th 

a measurement of motorists' understanding of active warning devices used at 

railroad-highway grade crossings_( 4) This short report was published in the 

ITE J~~rnal in ~pril 1984. To test motorists' k~owledge of driver require­

ments at railroad-highway grade crossings, a short examination was developed 

and administered to 32 test subjects. The test subjects were equally 
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divided between males and females, and each group was further divided into 

an\~qual··rnimber of .younger (than 25) and olde_r (over 60) subje~ts .. _ The 
:''": • ~ : • : ,.,. < -_, • . ~ ; : ' - '. ' • ' ' • • ' ' ' 

younger -subjects had been. driving an average of four yea rs and the o 1 der 

subjects ·an ·average of 46 years. In both age.•groups; male~ dro.ve almost 

twice as many miles per year as their female counterparts. The average 

educational level for ~ach of _the four groups was similar; howeve_r, ,ind.iv,id-
f ,., • • ' ', -, • --, 

uals within the groups ranged from those who'.'0id not complete hfgh school- to 

college graduates. 

Surprisingly; younger- and less experienea-'~d drivers scored about 10 

percent higher on the knowledge examination .than did the older subj,ects. Of 

the. 1.4 questions, only 4 subjects (12%) answerced as many as- 11 correctly; 22 

169%) answered 9 or 10 correctly, and 6 (19%»~nswered 8 or fewer correctly. 

All_- six of .the .low.er scores were in the 6lderi-age groups. When asked to 

identify those sources from which they recalled specific inst'ructioncon­

cerning driving safety at railroad-highway grade crossings, 19 subjects 

. .(.59%) ;Ch,ecked a-State driver's handbook; 13 (41%) checked a driver''s educa­

tion course; 9 (28%) checked some type of safety campaign; and 6 {1~%) ~i~ 
not recall any instructions at all. These six were evenly divided between 

,· . 
the ·two ag'e groups; however, only two of the six had low test scores. 

Whe~- asked ~hat· they shriuld do when appro~~hing a crossi~g that does· 

noCt,ave a railroad· signal; onl/ 5 'subjects (16%) chose the correct re­

sponse.:...:.:be -ready ti:> sto.pff you see or.hear a train. The remainder of the 

s~bjetis (84%f thou~ht you sho~ld stop, ~ook, and listen at the crossing for 

a train . 

. ·. When asked th~-fu-eaning' of the Railroad Advance Warning s1gn, 29 sub:. 

jects (91%) selected the correct response--there is a crossing ahead of you. 

The other 3 subjects (9%) selected "you will have to stop at the C!".Ossing" 
,·•· . ; ,r , , • -, , , . , . 

as the proper meaning. When asked which of the five signs was located_ 
I -<-,' • • ~ ' , ' • ' : : • • ' • • , -

several hundred fe~t in ~dy~nce of a railroad crossing, 20 subjects (63%) 

sel~c.ted the proper response--the railroad advance warning sign, .3 (9%) . ,. . ' 

sele~ted the crossb~ck sign; and.J (28%) selected a diamond-shape sign with 

the word message_llRailroad Crossing." When asked w_hich of _the signs was 
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located just at the point where the railroad tracks cross the highway, 23 

subjects (72%) selected the correct response--the crossbuck sign~ 5 _(16%} 

selected the railroad advance warning sign; and 4 (12%) selected \he. 
. . 

diamondshaped sign. When asked about the standard markings painted on the 
- . . \ 

pavement in advance of some railroad crossing~; 24 subjects (75%) selec:ted_ 

the RXR, 4 ( 13%) selected the X by its~lf; 1 ( 3%) selected the RR; and 3 

(9%) selected 11 do not know" as their answer. 

When shown a standard railroad flashing light ~ignal and asked what 

does it mean when this signal is flashing, all 32 subjects (100%). chos_e the 

correct answer--a train is coming; however, when asked what they .should do 

when this signal is flashing, only 4 subjects (12%) chose the correct 

answer--stop my vehicle and t~oceed over the crossing if a train is ~ot. 

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 light 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 wa.s i.:~ss than 20· seconds; 

7 (22%) thought it was more than 60 seconds; and 8 (25%) did not know; 

When asked what they should do when the gates at a crossing ate 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 like to 

see taken in order to improve safety at railroad~highway grade crossings, JO 

subjects (31%) thought the present system was satisfactory; 10 (31%) thought 

flashing light signals or gates should be provided at all crossings; A (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%) thought consistent behavior at all 

crossings was needed; and 3 (9%) thought a higher level (more re~trictive) 

warning device was needed, especially near rural schools. 
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It appears that a number of motorists do not' fully comprehend t.he 

meaning-of traffic control devices at railroad-h1~hway_ grade crossings. In 

certain situations, the percentage of motorists who misunderstand is small, 

but the severity of tiain-au~omobile collisions is such that only a small 
. ' ·,, ' ' . ' "/ 

fraction 6f the driving public making improper decisions can lead to death 

and serious injury. Therefore, it becomes very important to have high 
L ~ • 

performance traffic control devices at railroad-highway grade crossings and 

to educate the motorists on the proper driving behavior at these locations. 

Thus, the three Es of traffjc engineering (engineering, education, and 

enforcement) are even more importani at railroad~highway grade crossings. 

Facilitating Field- Evaluation of New Traffic Control Devices for Railroad­
Highway Grade Crossings 

The eleventh report, a paper titled "Facilitating Field Evaluation of 

New Traffic Control Devices for Railroad-Highway G.rade Crossings, 11 was 

presented at the 1985 National Conference on High~ay-Rail Safetj in Ka~sas 

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 the pro­

ject. A substantial amount of time had been spent in locating suitable 

field sites and securing permission to use those crossings for ·field evalua­

tions of the new devices. 

Many illustrations were given to point to the need of reexamining the 

way in which field testing might be pursued for traffic control devices used 

in railroad-highway crossings in the future. A r~peat of the procedures 

used in this ptoject to secure sites for field testing of traffic tontrol 

devices simply adds s~bstantially to the cost of conducting the resear~h as 

well as creating substantial time delays. There ca~ 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 l·ong duration of contract negotiations dri 
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not provide any productivity gains in safety, nor do they contribute to 

anything of material ·value' other- than being able to complete -the project., 

It is a waste of resource's for-which little return can be-identified.<,':·, 
,·,, ... ·'' 

There is a way in which future projects requiring field evaluations can 

be implemented more readi1y with6iJt the undue tosts- that have been associat-

ed with this project .. J,tbis proposed that the Association-of American':: · 

Railroads (MR), in cooperation with the U.S.:Department·of-Transportat1on, 

make formal contact with various tailroad c6mpanies that would be int~~~sted 

in participating- in rese~frch, particularly in ·fie,.d evaluations. For those 

companies that would be ~~reeable to having their crossing~ corisidered fof 

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 wanting1 to ~articipate in~ research project.· :This mddel 

agreement would be similar to model labor agreements which have been estab-

. lished at the national level for various labor organizations'. i 'AAR:and'-,the 
. . ' ~ , .• ' '' ~ :- . 

U.S. Department of Transportation should formalize this agr~ement f~ such 

fashion that, if a contractor for U.S. the Department of Transportation has 

to use crossings· in reseJ·fch, the ~ontractor can ·quickl'y reach an agreement 
1.,. r~ · · · ; · ·. ·. · .· · : : ,- , i·.'.c: 

by meeting the conditions of the model agreement. The.model agreement 
.. ' . . • ' . ' 1:i, f ' . ' ,' , . ' ~. _.- . . -'., ', '. ' · .. ' i ,· ·~ 

should be worked _out so t~at no additional negotiations would be r~quired. 

A railroad company that ~~s partidpated in the m~del agre~me~t ·woui~ . : 
' ,, 

approve an agreement u~on "cert ifi cation that the i terns in. the agreeme~·t have 

been met. 

I·n addition, it appears that it may be very ineffic'ient and more tostly 

for each contractor individually to secure· .insurance for use.in field 

evaluations at railroad-highway grade crossings. Since the U.S. Department 

of Transportation, in actuality, will pay for the premiums of the in·;~~an'ce 

that is obtained for research projects, it would appear to be more cost-ef­

fecti~e for the U.S. Depiltment of Transportati~~ ~o work out an agreement 
with one or more insuran~~' carriers to provide· t"h~ insur.ance: Most 1;'~~\y·, 

.•. ~ ·i 

the Federal government can obtain a more favorable premi~~ cost than cari- ·· 

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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and the insurance would become effective only wh~o:a model agreement was 

executed. By grouping projects, insurance premiu~s could be less than when 

individually purchased. 

It must be. realized.that negotiations for t~,tuse of crossings in 

research require an .inordinate amount of time andjmoney. There are few, if 

any, incentives for a railroad company to expedt~~· an agreement. The 

individuals given responsibility for negotiation$ on the part of the rail­

road companies are not the ones who are working with safety on a day-to-day 

basis, and their interests lie in other areas su9b as liability, equipment 

damage and other potential costs to the railroad., .. Unle.ss a new approach is 

t~ken to working out agreements, similar time delays and.costs associated 

with this project will be encountered .on all fut~re projects. 

Innovative .Railroad,...Highway Crossings Active Wari:iJng Devices--Status Report 
on Installation and Field Testfng 

,DC 

:· r. 
The twelfth report, titled Innovative Railroad-Highway Crossings Active 

,' • ,,; f1 . 

Warning Devices--Status Report on Installation and FieldJ_~~ting, was 
• ' 1 \•' 

prepared in May 1986 on the status of the installation and field testing of 
' , ' l • ~ • , rl.' . 

the railroad-highway crossing active warning devices at the three crossings 

in the Knoxviliearea. (63
) The report dealt with:_the installation of the 

traffic control devices as well as the data collection system. This report 

provided the reader a view of the installations found in the field. The 

information contained in the report is described as a part of the field 

evaluation discussion in this report. 
·,. 

Sunwnary 
.. , J. 

-; 

As one can see, a substantial amount of research results has been 

reported. The material presented here provides only a brief overview of the 

material contained in the J2 reports. 
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APPENDIX B 

PROJECT DESCRIPTION AND COST ESTIMATE WORKSHEETS 

PROJECT DESCRIPTION 

General 
..:J 

Upgrade existing t"ifo-quadrant gates with flashing •1ight signals 
to four-quadrant ga_!_::s with flashing light signals. 

Existing Conditions· 

1. Single mainline track crossing a two-lan~ ( 24-foot) .. roadway 
without shoulders. 

2. ·standard two-quadrant gates with flashing light signals in place. 
Train detection circuitry, underground conduit, contro.ller and 
power supply system"7i.e., batteries) are also in place to support 
existing two-quadrant system. 

Proposed Modifications 
-n::r· · 

1. Remove backli-ghts from existing flashing light signal assemblies. 

2. Install additional conduit to connect.four quadrants. 

3. Install 13-1/2' x 5" masts, flashing light signals (12-inch 
roundels), gate··me·ch·anisms, gates (26-foot) a·nd crossbuck signs in 
two empty quadrants....:__ 

4. Modify existing controller to accomodate two additional 
qate/ flashing light--signal installations; install delay relay to 
stagger operation of farside gates. 

Assumptions 

1. Do not include the cost of installing/removing advance warning 
signs or pavement markings. 

2. Assume that the exi·s-t"ing 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 you 

use your own data if available.) 

Existing installation. Proposed installation. 

Figure 64. Two- and four-quadrant gates with flashing light signals. 
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. rn 
COST ESTIMATE WORK SHEET 

MATERIALS 

Description 

Conduit 
Wiring 
Pole Foundations 
13-1/2 Foot Masts 
Flashing Light Signals 
Mechanisms with Panarms 

and Counterweights 
26-Foot Gate Arms 
Crossbuck Signs 
Delay Relay 
Other 

Quan ti t;x: Unit Cost Total 
-r~v, 

:_a:j· 

2 
2 
* * * 

,r; "f. 

2 
2 
2 .rn· 

1 a 

l j 

:tr L 

TOTAL MATERIALS: $ ______ _ 

*Use back lights from existing installation 

EQUIPMENT (WORK VEHICLES, ETC. ) . 

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-qUadrab't flashing light signals with· overhead strobe 

lights 

Existing Conditions 

~ingle mainline ... track crossing a two-lane 
without shoulde.r.s. 

(24-foot) roadway 

2. Standard two"'.quadrant flashing light signals in iYlace. Train 
detection c irc.ui try, underground conduit, controller and power 
supply system __ Ji. e., batteries) are also in place· to support 
existing two-qu~drant flashing light signal.system. 

Proposed Modifications 

1. Remove backlights from existing flashing light signal assemblies. 

2. Install additional conduit to connect four quadrants. 

3. Install 13-1/2' x S" masts, · flashing light · signals (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_~ontroller to accomodate two additional flashing 
light signal installations. Install two strobe power supply units 
in existing controller cabinet; connect strobes i-nto existing 
power (battery) system. 

Assumptions 

1. Do not include the cost of installing/removing advance \1arning 
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 you 
use your data if.available.) 

\ rEJ 
- .l___, 

Existing installation. Proposed installation. 

Figure 65. Two- and four-quadrant flashing light signals. 
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cos·T ESTIMA~ WORlt SHEET 

MATERIALS 

Description 

Conduit 
Wiring 
Pole Foundations 
13-1/2,Foot Masts 
~l~~hin~ Light Signal~ 
Crossbuck Signs 
Pole Extenders 

· Span Wi_re . · 
Strobe Lights 
Strobe ~ower S~pplies 
Other 

*Use back lights from 

Quantit:i:: 
,:, [: ~· 

un:i,t Cost Total 

2 
2 .,,., 
* ,.,,~,.,~:- * 
2 
4 • c. rrri 

er ,, 

.4 
1 '-, F. ;'i 

:!':.:."c,. 

TOTAL MATERIALS_;,j,, $ 

~xisting installati_c>n; 

EQUIPMENT _(WORK VEHICLES, ETC.) t ~ 

Jx-: 
' ·~. ,c,,,'. 

1 8!'."'t 

., 
TOTAL EQUIPMENT: $ 

LABOR 
:ts:. 

TOTAL LABOR: $ -------

OTBER/MISCELLAN,EOUS 

TOTAL OTHER: $ _____ _ 

TOTAL PROJECT COST: $ _____ _ 
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General 

Install fixed-time 
controller; install 
flashing lights. 

Existing Conditions 

PROJECT DESCRIPTION 

highway 
"SIGNAL 

traffic 
AHEAD" 

signal with 
advance warning 

solid-state 
signs with 

1. Single mainline track crossing a two-lane (24-foot) roadwai ~itho~t 
shoulders. 

2. 
::;, 

Train detection circuitry and train detector controller is in 
place~ Cornrnerci?..1.... power is available 100 feet from ·crossing and 
approximately lOQ._;eet from the a_dvance sign locations. . : 

Proposed Work 

1. Ins.tall two galvJnJzed steel poles/mast arms, i.e., ·one:•per travel 
direction; hang O!ls\. three-section head' from each· mast arm and mount 
one three-section __ ~ead on each pole. 

2. Install necessary ... s.ondui t, 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 approac~es to the crossing; provide commercial power 
hook-up for the flashing lights. (Assume that the flashing lights 
will operate continuously and will not be ~nf~tdonnected with the 
highway traffic signal.) 

Assumptions 

1. Do not include j:_!:ie cost of installing/removing _a,dyance warning 
signs or pavement markings, other than the "SIGNAL AHF.AD" advance 
'1arning_ signs. 

2. U_se 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 installation. 

Figure 66. Highway traffic signal. 
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COST ESTIMATE WORK SHEET 

MATERIALS 

Description 

Conduit• 
Wiring 
Pullboxes 
Pole Foundations 
Steel Pole/Mast Arms 
3-Section Signal Heads 
Solid-state Gontroller 
Controller .. Cabinet/Post 
SIGNAL AHEAD Signs 
Sign Posts 
Flashing Sign Lights 
Other 

Quantity 

2 
2 
4 
l . 

.2 
2 

2 sets 

Unit Cost 
,: :i 

Ir-. 

Total 

TOTAL MATERIALS: $ ______ _ 

. EQUI~MENT (WORK .VEHICLES, ETC.). 

TOTAL EQUIPMENT: . c ·;:. - $ ______ _ 

LABOR 

TOTAL·LABOR: $_. -----

OTHER/MISCELLANEOUS 

TOTAL OTHER: $ ______ _ 

TOTAL PROJECT COST: $ ______ _ 
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