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Disclaimer

The opinions, findings, antbnclusionexpressed in this publication are those of the authors and not
necessarily those of the State of Florida Department of Transportation.



Metric Conversion Chart

APPROXIMATE CONVERSIONS TO SI UNITS

SYMBOL WHEN YOU KNOW |I'u|ULTIPL‘|" BY |TO FIND SYMBOL
LENGTH
in inches 254 millimeters mm
ft feet 0.305 maters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
AREA
in2 squareinches 645.2 square millimeters mm?2
ft2 squarefeet 0.093 square meters m2
yd? square yard 0.836 square meters m2
ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km2
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
VOLUME
floz fluid ounces 29.87 milliliters mL
gal gallons 3.785 liters L
fit2 cubic feet 0.028 cubic meters m?
yd3 cubic yards 0.765 cubic meters m?
MOTE: volumes greater than 1000 L shall be shown in m?
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") |Mg (or "t")
SYMBOL |WHEN YOU KNOW |I'u|ULTIPL‘|‘r BY TO FIND |SYMBOL
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C

or (F-32)1.8
SYMBOL WHEN YOU KNOW |I'u|ULTIPL‘|‘r BY TO FIND SYMBOL
ILLUMINATION
fc foot-candles 10.76 lux I
fl foot-Lamberts 3428 candela/m?2 cdim?
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
|bffin2 poundforce per square inch 6.89 kilopascals kPa
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Executive Summary

Background

Drivers may misinterpret advance indications and incdyrégtn ontorailroad track when they are
approachindighwayvrail grade crossirgjthatareclose to intersecti@or freeway orramps These
incorrect turnganresult in vehicls stuckonrailroad track, increadng the risk of fatalities and injuries
for road userandrail passengerandoperators. The issue is moreises at night due to poor visibility.
Turn-arrow pavement markings upstreanrailroad grade crossingsay cause the most confusion for
drivers who turn onto the tracks.

To provideclear indicatios to driversand restrict their turning behaviorsratlroadcrossingsthreelow-
costcountermeasuragereproposedas shown imable ES1. The first countermeasure inclutle
elimination of potentially misleading pavement markings and digrisre railroad crossingthe second
wasto implementstraight arronpavement markings with guidanicdormationbefore railroad crossings
and thethird wasinstallation of Qwick Kurbto prevenintentional Uturnsatrailroadcrossings

Table ES1 RecommendedCountermeasuresto Prevent Incorrect Turns at Rail Crossings

Countermeasures Sources

Elimination of potentially misleading pavement markings an "
signsbefore railroad crossings ANCUTCD' proposal to MUTCD (2010)
A MUTCD and successful FDOT experience

on wrongway driving

Implementation oftraight arronpavement markings with
guidance informtgon before railroad crossings

Installationof Qwick Kurbto prevent intentional Wurns AMUTCD (2009) 2C.64

*National Committee on Uniform Traffic Control Devices

Themajorobjective of this projeatvasto evaluate the effectiveness of the proposed countermeasures
through a pilot implementation in Floridgpecific objectives includithe following:

1. Coordinate with-lorida Department of TransportatidrR¥OT) Districts 1, 4, and 7 to implement
thepropo®gd countermeasures at selected study sites.

2. Developappropriatesurrogate measures to represent the risk of incorrectatiraigroad
crossings.

Conduct a beforafter study to collect surrogate incorrect turn data at study sites.

Perform a statistical analysis to compare surrogate measures for incorrect turns before and after
countermeasureplementation.

5. Provide analysis results, research findings, and recommendations to FDOT for future
implementatiosto effectively prevent inaoect turns at highwayail grade crossings in Florida.

Methodology

A beforeafter studywasconducted at selected sites to evaluate the performance of the proposed
countermeasures to prevent incorrect turns at highraibigrade crossings. The researeam collead
data including speed profile and videas,two stagesbeforei without the proposed countermeasures
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andafteri with the proposedountermeasure$he collectedlata were reviewetb identify the surrogate
incorrect turn measarhesitation behavior# Chi-square..., hypothesis test was used to compare the
hesitation ratebefore and after implementation to address the effectiveness of the proposed
countermeasures.

The beforeafter study was condwet ateightstudysites in FODT Districts 1, 4, and,7as shown ifTable

ES2.
Table ES2 Study Sites andRecommendedCountermeasureso
Prevent Incorrect Turns at Railroad Crossings
Site # Study Site (Florida) I'D:.DO.T Countermeasure
istrict
1 US-41 @ US-301, Bradenton 1 A Install Qwick Kurb
2 Hollywood Blvd @ +95, Hollywood A Remove continuousght-turn
3 Forest Hill Blvd @ 195, Lake Clarke Shores arrows oran exclusive righturn
I bef t-grad i
4 W Hallandale Beach Blvd @95, Pembroke Park 4 ane be greana gra e.crosfsmg.
A Add straight arrows with direction
5 W Commercial Blvd @-B5, Oakland Park text and 495 shieldgpavement
6 W Pembroke Rd @95, Hollywood markingbeforeanatgradecrossing
7 Tampa Rd @ State St W, Oldsmar A Add aStra'ght arrow pavement'
marking beforeanatgrade crossing
A Removea rightturn arrow oran
exclusiveright-turn lanebeforean
7 atgrade crossing
8 | Busch Blvd @ N Boulevard, Tampa A Add astraight arrow with text

information of direction anthrget
road namegavement marking

beforeanat-grade crossing

Findings and Conclusions

Based on the beforater comparison of hesitation rates, the followfinglings andconclusionavere
obtained:

A

A

Thereplacement of continuous rightrn arrows with straight arrows plus guidance information
on the pavemerih upstream railroad grade crossimgspresented for Sites8xran significantly
prevent incorrect righturnsonto railroad tracksas shown in Figre ES1.

The effectiveness of using straight arrows plus guidance information pavement markings on
exclusive turning lanes or shared lanes before railroad crossings is more significant at night than
during daytime to prevent incorrect turns of vehicle® gailroad tracks.

In some scenarios, the reduction in hesitation iategt statistically significant due to the
influence of external factors such as upstream driveways near railroad tracks and the presence of
existing countermeasures (dynamic engel@tc.).
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A Overall, the proposed countermeaswan significantly reduce hesitation rates of drivers-at at
grade crossings by 85% in daytime and 97% in nighttime at a confidence level of 99.9%.

A The installation of Qwick Kurb can effectively redun&entional U-turnsat railroadcrossings

A There were zerobservation®f incorrect Uturns after installing Qwick Kurht Site 1 The
100% reduction of Hurnintention raten this studyis statistically significant at a@7%
confidence levelor this countermeasurd he installation of Qwick Kurb casignificantlyreduce
theturning radiusthusreduang the risk ofintentionalU-turns at railroad crossings

m Daytime m Nighttime
120%

o5 (10096 | [100%" 0155 |1000/*** [100%| [100% | [97%" ]

100%

80%

60%

40%

20%
61% 100‘V*** 79% 67% 87%*** 85% 100‘V** 85‘V***

0%

Hollywood Forest Hill Hallandale Commercial Pembroke Tampa Rd @Busch Blvd  Overall
Blvd @ 1-95 Blvd @ 1-95 Beach Blvd Blvd @ I-95 Rd@I-95 State StW @ N Blvd
@ 1-95

Hesitiation Rate Reduction %

Study Sites

*90% confidence level:95% confidence level” 99% confidence level

Figure ES' 1 Relative reduction of hesitation rates for pavement marking of
straight arrow plus guidance information

Recommendations

The beforeafter study proved the effectiveness of the proposed countermeasures to prevent incorrect
turns onto railroad tracks atgtade crossings. For different scenarios, the proposed countermeasures
present different effects. Based on the studyfdahewing recommendations wepgovided

A If an atgrade railroad crossing is located upstream of intersactiamps, or driveways and the
distance is short enough to result in the risk of incorrect turns onto railroad tracks, the following
treatments arhighly recommended:

- Removeall traffic control signs and pavement markings that lead to driver confusion on the
correct turning point from upstream of the crossing, such as turning signs and turning arrow
pavement markings.

- Inthe upstream of railroad crossingsplementthermoplasticstraigh arrows plus guidance
information pavement markings on exclusive turning lanes or shared lanes folldesmgl
on Uniform Traffic Control Device@IUTCD) standards (Chapter 3B).

- Implement &ngatedrouteshieldsto provide guidance information. If rouséields arenot
implementable, text can hmsed as low-cost alternative for guidance information.
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A If intentional incorrect tturns ardrequentlyobserved at agrade crossings with wide spaces on
both sides of railroad tracks, inst@lvick Kurbdevices to reduce the turning radius to prevent
incorrect Uturns.Implementstraight arrow pavement markingsupstream skewed reiighway
crossings if a turn point (intersection, ramp, driveway) is adjacent to the crossing downstream.

A The proposed three cotermeasurés (1) elimination of potentially misleading pavement
markings and signisefore railroad crossing€) implementation atraight arronpavement
markings with guidance informatidoefore railroad crossingand (3) installation of Qwick Kurb
to prevent intentional Hurng were proverio behighly effective to preverdrivers from turning
onto railroad tracks near freeway-amps or intersections downstream. It is recommended that
FDOT implement these countermeasweseeded locatiorstatewide
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1 Introduction

1.1 Problem Statement

Preventing incorrect turns at highwesil grade crossings has received considerable attention in an effort
to decrease fatalities and injuries for both road users and rail users/operators. To mitigate serious injuries

and fatal collisions due to incorreatns at highwayail grade crossings, a previous National Center for
Transit Research (NCTR) research
Turns at HighwayR a i | Gr ade

project titl
Crossingso
incorrect turns onto railroad tracks:

ed i
S U c cutirgy saused of y

i dentif
A Potentiallymisleadingsigns and pavement markings near highwailcrossings
A Darknessand low visibility near or at highwanail crossings
A

Inaccuratdollowing of turn instructions from a GPS deeionto railroad tracks
A Skewedhighwayrail grade crossings

A Driver distraction

Researchers found that rigiorn arrow pavement markings in front of railroad grade crossings could
cause the most confusion for drivers who turn onto railroad traskiistrated inFigure1-1.

Advance indications may be
misinterpreted by the drivers.
In other cases distractions
and driver's unfamiliarity

with the area may cause
confusion

<t |ntended trajectory

Incorrect trajectory

Decision
Point

1

Destination Lane:

After the incorrect turning Nearside Adjacent

maneuver, the vehicle may get
stuck on the rail tracks

Figure 1-1 lllustration of i ncorrect turning maneuver near anintersection

Based on the identified causé® NCTR study developed set of practical countermeasures to prevent
incorrect turns at grade cross#id]. The major countermeasures tbe upstream of a highwasail

grade crossing include advance direction signage, striping, iamdation of potentially misleading
pavement markings and sigmswnstream countermeasures consist of guide signs and striping. For
critical zones, countermeasurasludestriping, paement gate markings, bollards, illumination,. etc

1



1.2 Low-CostCountermeasures

Researchers at the Center for Urban Transportation Res€JdiR) at the University of South Florida
explored emerging traffic control countermeasures for preventing incorrect turns at railroad crossings
based on the following criteria:

Effective reductions in driver confusion at highwaail crossings

Successful FDOT experience on similar safety issues (e.g., wranglriving)
Low-cost implementation

Compatibility withManual on Uniform Traffic Control DevicéMUTCD) standards or
proposals

Io o o o

Based on these critergand a previouBICTR study[2], threelow-cost countermeasures were addressed
for preventing incorrect turns at highwesil grade crossingss shown iTable1-18 elimination of
potentially misleading pavement markings and shgfsre railroad crossingsnplemenation of
pavement markings with guidance informatimfore railroad crossingandinstallationof Qwick Kurb

to prevent intentional Wurns at railroad crossings

Table 1-1 Low-Cost Countermeasures

Countermeasures Sources

Elimination of potentially misleading pavement .
markings andignsbefore railroad crossings ANCUTCD' proposal to MUTCD (2010)
A MUTCD and successful FDOT experience on

wrong-way driving

Implementation oftraight arronpavement markings
with guidance informatiobefore railroad crossings

Installationof Qwick Kurbto prevent intentional U
turns

*National Committee on Uniform Traffic Control Devices

A MUTCD (2009) 2C.64

1.2.1 Elimination of Potentially Misleading Pavement Markings and Signs

The most recognized regulatory signs and pavement maiikigglvance oé railroad grade crossing that
may confuse drivers are fARi ght L an andihtgurnonlyur n
and/or leftturn-only pavement marking4]. Figure1-2 shows an example of these markings before a
railroad crossing on W Commercial Blvd ned@3 in Oakland Park, Floriddo eliminate this ptential
confusion, théNational Committee on Uniform Traffic Control Deviog@$CUTCD) Technical

Committee suggests placing them a minimum of 100 ft in advance of the stop line for a higthway
grade crossing. The specific recommendation was propiysthe NCUTCD Technical Committee
Railroad/Light Rail Transit Technic@lommittee (RRLRT)Item No. 1]3]. The proposed changes were
supported by the Association of American Railroads (AAR) in a letter to the Federal Highway
Administration (FHWA) recommending adoption of the changes to MUTCD.

The purpose ohe proposedhangewas to adtess several traiauto crashethat occurred several years
before the proposal. In all incidents, a roadway user made an improper tutheoméaks rather than at
an adjacent intersection immediately beyond the grade crossing. It is believed that some additional

Ri

language may be beneficial to guide roadway users at grade crossings. In many of the incidents, an arrow

pavement marking denotiran exclusive drop lane was located on the roadway between the stop line for

2
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the grade crossing and the track aoaaising drivers to misinterpret the cumt at the railroad crossing
as the location at which they were to turn. It is believed that tioped change will lead road users to
more clearly understand where the turn is to be mae®, @ender adverse conditiof3.

Proposed Section 8B.23 Arrow Markings

Standard:Arrow pavement markings for turn lanes shall noplaeed between the stop line for
the highwayrail grade crossing and the tracks.

GuidanceArrow pavement markings, if used, should be placednimum of 100 ft in advance
of the stop lindor the highwayrail grade crossing when sufficient turn lane ag@r length
exists. Arrow pavement markings, if used, should be placed no less than 20 ft beyond the
far rail.

Figure 1-2 Example of potentially misleading rightturn sign and pavement markings

1.2.2 Implementation of Pavement Markings with Guidance Information

Pavement words, symbols, and arrow markings are used for the purpose of guiding, warning, or
regulating traffic. According to MUTCD, symbol messages are preferalblertbmessageg]. In

particular, route shield pavement markings are available for use in accordance with the MUTCD Section
3B[4la nd F D@fiicéEsgineering ManualTEM) Section 4.25]. To adopt the suggestion from

MUTCD experience on preventing wromgay driving, CUTR explored two types of designs, including
through arrow pavement markings wighidancenformation (name and direction) to replace turning

arrow pavement markings on the upatreof the railroad crossy, as illustrated ifrigure1-3.

As shown in Figure 13, Design A uses a combination of word message, cardinal direction, and straight
arrow infront of a grade crossing, anagign B uses a combination of a route or interstate shield,

cardinal direction, and straight arrow in front of a grade crossing. A wesdage (Design A) cadess,

but a symbol message (Design B) can provide better visibility. Both can provide guidance information for



preventing incorrect turns at highwagil grade crossings. If used, route shield pavement markings must
beinstalledaé ol | ows, according to FDQO3]6S TEM Sections 4

All Route shields shall be pfermed thermoplastic.

All Route shield pavement markings shall be 15 feet in length.

US Route shields shall have contrast for bogifhakt and concrete pavement.

Align the symbol in the center of the lane

Install the route shields in a single line across the roadway. Do not stagger.

Arrows or messages (TO, LEFT, RIGHT, NORTH, SOUTH), may be used to supplement route
shields and shall fdw the route shield.

Use an 8doot gap between markings. However, cardinal directions (if used) may be 40 foot
from a route shield marking.

To o o To o Io

I

Through
Arrow
+ Word

After Il-Design A After II-Design B
Pavement Markings with Guidance Information Pavement Markings with Guidance Information

Figure 1-3 Example of implementation of pavement markings with giidance information

4



1.2.3 Installation of Qwick Kurb

At some rail crossingshereis a potential risk of drivers turning around (making-guth) using railroad
tracksintentionally. An example of an incoreg U-turn is shown irFigure 1-4.

Incorrect U-tum

Figure 1-4 Example of incorrect U-turn at railroad crossing

Qwick Kurb can deter motorists from turning anal before or atailroadcrossings, consequently

preventing incorrect Wurns. The U.S. Department of Transportation (DOT) Federal Railroad
Administration (FRA) promotes the use of traffic channelization devices (e.g., Qwick Kurb) at highway
rail grade oossings with active warning devices, where applicable. These traffic channelization devices
provide a proven safety benefit. A previous st[@]ywas conducted at locations where driver violations
occurred at highwayail gradecrossings and after installation of channelization devices at these locations,
resulting in a significant reduction in driver violatioRsgure 1-5 shows an example of Qwick Kurb at a
railroadcrossing.

Figure 1-5 Example of Qwick Kurb (Photo courtesy of NCDOT)
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1.3 Research Objectives

The efectiveness of the proposed countermeadorgzeventing incorrect turns onto raadtracks ha
not been documented@he overall objective of this projeatasto evaluate the effectiveness of the

proposectcountermeasuralrough apilot implementationn Florida The specific objectives includ¢he
following:

1. Coordinate with FDOT Districts 1, 4, and 7 to implenthetproposed countermeasures at
selected study sites.

2. Developappropriatesurrogate measures to represent the risk of iacoturnsatrailroad
crossings.

Conduct a beforafter study to collect surrogate incorrect turn data at study sites.

Perform a statistical analysis to compare surrogate measures for incorrect turns before and after
the countermeasurienplementation.

5. Proude analysis results, research findings, and recommendations to FDOT for future
implementatiosto effectively prevent incorrect turns at highwaj grade crossings in Florida.

1.4 Report Organization

Following thisintroduction Chapter 2rovides a desciption ofthe beforeafter study Chapter 3
describeghebeforeafterstudy resultsandChapter 4oresentzonclusions and recommendatidos
implementing the proposed countermeasures in Florida



2 Methodology

2.1 Overview of BeforeAfter Study

A beforeafter studywasconducted at selected sites to evaluate the performance of the proposed
countermeasures to prevent incorrect turns at highaibgrade crossings. TRRUTR research team
colleceddata including speed profikeand videosin two stagesfibeforad without theimplementation
of proposed countermeasurasdfiafterdd with theimplementation oproposeccountermeasuresé
detailedreview d thedatawas conductetb identify the surrogate incorrect turn measutessitation
behaviorsA ... hypothesis test wassed to compare the hesitation sdiefore and after implementation
to evaluatehe effectiveness of the proposed countermeadhtigage 2-1 showsthe procedureof the
beforeafter study

Collect "before" and "after" data.
Speed profile, videos

Identify potential hesitation behaviors. ]
Speedperr®ntile & headway O 10s

unrelated factors (e.g., signal)

before and after implementation.

Confirm potential hesitation behaviors.
Review videos to exclude events influenced by
{ Hesitation rate, Chisquared test

Compare confirmed potential hesitation rate J

Summarize findings and develop recommendations.

Figure 2-1 Procedure of before-after study



2.2 Data Collection

Thedata collected ithefield included upstream speed profileearrailroadcrossingsandvideos. An
exampe of data collection layout is shownRigure2-2.

Hesitation Behavior |
Detection Zone l

Google Earth

Figure 2-2 Example ofdata collection layout

As shown inFigure2-3, installatiors of a Wavetronix SmartSensor and @oProcameaon a Pneumatic
Locking Telesoping Mast werenounted at each candidate site. The Wavetronix SmartSensor uses the
latest radar technology to collect and deliver tradfitg including traffic volume and classification,
average speed, individual vehiclgegd, lane occupancy, and presence on multiple lanes. Data for
individual speeds of cars approadihe railroad crossings wepeocessed to identify hesitation

behaviors using the methodology introduced below. Traffic monitoring videos from the caenetsed

to verify hesitating vehicle3.he two devices wengowered by a gasoliqgowered inverter generator.

Researchers configut@and monitoedthe SmartSensaperationn alaptop through the SmartSensor
Manager software.

The data collection procede wasas follows:

(1) The research teaooordinate with the FDOTProject Manager aneDOT Districts 1, 4, and 7 to

request permission for installinige data collectiodevices ortheroadside and determine the
countermeasurdeployment and data collectisohedule.

(2) With theapprovals from th&DOT Project Manager an@DOT District representativeshe
i b e f data eolbectio wasconducted at eadite includingdaytimeand nighttimehours Two
research assistants set up the devices bd&taeollection, monitoedthe process during data
collection, and detaeuthe devices after data collection



B)After compl eti ng t he FIOI Oibtricts er contrhetdinagplerneoddthee ct i o n

proposed countermeasures atghalysites.

(4) The research team condedthe second data collection at stigies after the completion of
countermeasure implementation. The data collection approach (location, devices, and duration) in
the Aafwaeg casttalyee same as the Abefored dat a

(5) Speed data from the SmartSensor and videwsreviewedto identify hesitation eventthat
represent the risk of incorrect turhese dataereexported into a project database f
analyses.

Figure 2-3 Installation of Wavetronix
SmartSensorand GoPro on pneumatic mast GoPro Camera

2.3 Data Reduction
2.3.1 HesitationBehavior

It is difficult to obsere actualincorrect turn behaviors directfgr a short period of timbecause 1)
incorrect turns onto tracks are rare and random events, 2) few incidents of turnirgloydd track are
reported if no stuckehiclesor collisions occurred, and 8yrveillance devices (e.g., CC¥Mhat
monitor incorrect turn events are availabidy atafew grade crossings. Thus, a surrogate indicass
needed to measure thisk of incorrect turis at selected arade crossings for this studyrivers who are
confused about the turning pomearrailroadcrossingwill present hesitation behaviors that include
using significantly slower speeds than normal to search for target turning points andetialons. It
can be hypothesized that the more the hesitdtéghaviors occur, the higher the incorrect turn risk is.

This study collected hesitation behaviorsnhgasuringspeed®f approaching vehiclesn exclusive
turninglanes nearailroad track. As shown irFigure2-4, speed data from Wavetramadar were



filtered by a vehiclavith a speed lower than tH&™" percentile of theollectedsample ana significant
long headwayof 10 seconds or mote ensure that the slemoving vehicle was not due to traffic
congestionThe identified vehicles were treated as potential hesitationsevesecond reviewFigure
2-5) was conducted on associated videos to exclude influenceottf@radditionalfactors (e.g., red
traffic signal incident or lane closuyetc).

Figure 2-4 Example ofvisualization of Wavetronix speed data
and potential hesitation filter

Green Signal

Observe the break

lightis on
Free flow of vehicle, no leading car and no Sudden declaration near the tracks, indication of
influence of signal. potential hesitation to turn onto tracks.

Figure 2-5 Example of hesitation behavior verification on videos
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