CUTR

CENTER for URBAN
TRANSPORTATION
R ESEARZCH

BDV25-97/-11

Final Report

A Pilot Study for Preventing Incorrect Turns
at Highway-Ralil Grade Crossings

PREPARED FOR
Florida Department of Transportation

FDOT\)

December2017

Center for Urban Transportation Research

University of South Florida

4202 E. Fowler Ave., CUT100, Tampa, FL 33620-5375
SScuTR P




A Pilot Study for Preventing Incorrect Turns
at Highway-Rail Grade Crossings

BDV25-977-11

Final Report

Prepared for:

FDOT\)

Florida Department of Transportation
Catherine Bradley, P.EProject Manager

Prepared by:

CUTR

USF Center for Urban Transportation Research

PetSung Lin, Ph.D., P.E., PTOE
Zhenyu Wang, Ph.D.
Abhijit Vasili
Deborah Schultz

December2017




DISCLAIMER

The opinions, findings, and conclusions expressed 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 |MULTIPLY BY |TO FIND SYMBOL
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters 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 6452 square millimeters mm?2
fi2 squarefest 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 29.57 milliliters mL
gal gallons 3.785 liters L
fi? cubic feet 0.028 cubic meters m?
yd® cubic yards 0.765 cubic meters m?
NOTE: volumes greater than 1000 L shall be shown in m2
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'||'IULTIPL‘|" 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'|||ULTIPL‘|Ir BY TO FIND SYMBOL
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
FORCE and PRESSURE or STRESS
Ibf poundforce 445 newtons N
Ibffin2 poundforce per square inch 6.89 kilopascals kPa
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EXECUTIVE SUMMARY

Problem Statement

Preventing incorrect turns at highwesil grade crossings has received considerable attention
an effortto decrease fatalities and injuries for both road users and rail users/operators. To
mitigate serious injuries and fatal collisions due to incorrect turns at higralayade
crossings, a previous National Center for Transit Research (NCTR) reseaecthtjieql,

Al mproved Traffic Control Me as vRa#éGrade o Pr event

Crossingd successfully identified five major
tracks: (1) potentially misleading signs and pavement mgskiear highwayail crossings, (2)
darkness and low visibility near or at highway crossings, (3) following inaccurate turn
instructions from a GPS device onto railroad tracks, (4) skewed higlallayade crossings,
and (5) driver distractiorReseeachers found thatght-turn arrow pavement markings in front of
railroad grade crossisgould causehe mostconfusion for drivers who turn onto the railroad
tracks.

Proposed Countermeasures

To addresshe confusion oflrivers who turn onteoailroadtrads, safetycountermeasures were
proposed based on the following crigeri

1 Effectivereductions irdriver confusion at highwasail crossing.

1 Successful FDOT experience on similar safety issaag,(vrong-way driving)

1 Low costfor implementation

1 Compatilility with Manual on Uniform Traffic Control DevicdMUTCD) standards or
proposals

Based on theecriteria, four countermeasures werecommended for preventing incorrect turns
at highwayrail gradecrossings, ashown in the following table.

Recommended Countermeasures to Prevent Incorrect Turnat Rail Crossings

Countermeasure Sources

I. Elimination of potentially misleading pavemel .
. . NCUTCD proposal to MUTCD (2010
markings and signs

Il. Implementation opavement markings with MUTCD and successful FDOT

guidancanformation experience on wrongay driving

[I. Exten§|on of edge lines at highwagil grade NCUTCD' proposal to MUTCD (2015
crossings

V. Implementation of Qwick Kurb MUTCD (2009) 2C.64

*National Committee on Uniform TraffiControl Devices

vi
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Deployment andEvaluation Plan

CUTR coordinated and communicated wWHlbrida Department of Transportation (FDOT)
Central Office Districts 1, 4, and 7 to developlaploymentand evaluation plan fafuture
pilot implementatiorproject The plandentified study sites ofailroadcrossings with potential
incorrect turn issues, proposed counteremasesgsnated costs data collection plan, andata
analysismethodologyTensites were identiédin threeFDOT Districts as sumiurized in the

following table.

SelectedSites with Proposed Countermeasures

Site FDOT

District

1. Combee Rd @ US 92akeland,
FL

2. US 41 @ US 301Bradenton, FL

3. Hollywood Blvd @ 195,
Hollywood, FL

4. Forest Hill Blvd @ 195, Lake
Clarke Shores, FL

5. W Hallandale Beach Blvd @ |
95, Pembroke ParkFL

6. W CommerciaBlvd @ [-95,
Oakland ParkFL

7. W Pembroke Rd @95,
Hollywood

8. Busch Blvd @ N Boulevard St
Tampa, FL

9. E Adamo Dr @ N 39th St
Tampa, FL

10. Tampa Road® State SW,
Oldsmar FL

A beforeafter study was designed to evaluate the performance of the proposed countermeasures

il
1
il

Countermeasures

Remove continuous turn arrows on tur
lanes before agrade crossing

Add straight arrows witltext
information ofdirection and target road
name

Extend edgéines over agrade
crossing

Add Qwick Kurb at hatchedut median
area(US 41 @ US 301)

Remove continuous turn arrows tmn
lanes before agrade crossirg

Add straight arrows with direction text
and 195 shields

Extend edgdines over agrade
crossing

Remove continuous turn arrows on tur
lanes before agrade crossirg

Add straight arrows with text
information of direction and target roac
name

Extend edgédines over agrade
Crossing

to prevent incorrect turns highwayrail crossingsTwo-stage data will be collected each
candidate site: fibefore, o with existing
proposed countermeasures. A Wavetronix SmartSensor (available from @litfi Rjdeo

Vii
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camerawill be installed to collect speed profiles and counts of turning vehicles as drivers

approach the agrade crossing for a total bfio daysat each sit¢one dayimi b ef or ee st age
dayinii a f t e r Boresch dag, eadta.collection will be conductethedaytime(10:00 AMi

2:00 PM) and nighttime (7:00 PM1:00 PM).

A statistical analysis will be conducted to compare hesitatioalbateet ween t he fdAbef or
faftero stages. | f the hesitation rates are s
countermeasures,dbuldindicatethatthe proposed countermeasures can reduce the risk of

incorrect turns abighwayrail grade crossings.

Potential Benefits of Future Deployment

Replacing continuous turn arrowsth straight arrow$®efore atgrade crossingsn conjunction
with guidance information antthe addition of edge lingss a lowcost solution to reduce driver
confusion in selecting proper turning points as they approachgradg crossing, which has
been identified a serious safety risk in traffic mgament. Understanding the effectiveness of
the propose countermeasures obtained from the be#dter studywill be beneficial forfuture
implementation of this loveost solution at identified crossings of incorrect turns in Florida and
provide a guidehe for future implementation.
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1 Research and Recommeration of Countermeasures

1.1 Introduction

Preventing incorrect turns at highwesil grade crossings has received considerable attention

an effort todecrease fatalities and injuries for both road users and rail users/operators. To

mitigate serious injuries and fatal collisions due to incottgcis at highwayail grade

crossings, a previous National Center for Transit Research (NCTR) researchtjlegect

Al mproved Traffic Control Me as vRa#éGrade o0 Pr event
Crossing®d successful |l y i dbatimgcausas efihcofractiuens ont jailkaad ¢ o n t
tracks: (1) potentially misleading signs and pavement markings near higaivesossings, (2)

darkness and low visibility near or at highwayl crossings, (3) following inaccurate turn

instructions from &PS device onto railroad tracks, (4) skewed highvedlygrade crossings,

and (5) driver distractiorRight-turn arrow pavement markings in front of a railroad grade

crossing coulatausethe mostconfusion for drivers who turn onto the railroad tracks, as

illustrated inFigurel1-1 [1].

Decision Intended

Trajectory

Figure 1-1 Sketch of incorrect turning maneuver near an interstate ramg1].

Based on the identified causes, a set of practical countermeasures was developed to prevent
incorrect turns at grade crossingghe previous NCTR studjl]. The major recommended
countermeasures for upstream of a highwnalgrade crossing include advance direction
signage, striping, and elimination of potentially misleading pavement markings and signs.
Recommended downstream countermeasures consist ef gjgits and striping. For critical

zones, countermeasures such as striping, pavement gate markings, bollards, and illumination
were recommended. The study also recommended &itestive method to evaluate the
effectiveness of any implemented countermeas to prevent incorrect turns onto railroad

tracks.

Among the many recommendieountermeasures INCTR [1], one potentially costffective

way to prevent incorrect turns onto railroad tracks is through proper pavementgaaviinch
communicate to drivers where to position their vehialedwarn about upcoming conditions.
Pavement markings can efficiently guide drivers by providing important regulatory, warning, or

guidance messagasthout requiringdiversion of theroadsuer 6 s att enti on fr om
surface. Conversely, the absence of proper pavement markings and/or the presence of improper



markings such as turning arrows in front of a railroad grade crossmgd lead to driver
confusion or hesitation when approsxhan incorrect turning poir].

CUTR explored emerging traffic control countermeasures for preventing incorrect turns at
railroadcrossings, in particular, pavement markings with guidance information. The research
team reviewed recent recommended changes from the National Committee on Uniform Traffic
Control Devices (NCUTCD) to thilanual on Uniform Traffic Control DevicdMUTCD) to
address incidents that resulted in incorrect turns at higiharbgrade crossingé® summary of
successful Florida Department of Transportation (FDOT) experterm@ventvrongway

driving wasalsocompiled The performance and specifications of theppesed changes to

MUTCD and the FDOT countermeasures were reviewed and identified for potential
implementation at railroad grade crossings in selected sites in Florida.

Based on the previous NCTR study, recent recommended changes from NCUTCD to address th
incidents due to incorrect turns at highway rail grade crossings, and successful FDOT
countermeasure implementatitmpreventvrongway driving four promising lowcost
countermeasurererecommended for preventing incorrect turns at highvedlygrade

crossings, as listed ifhable1-1.

Table 1-1 Recommended CountermeasuretPreventincorrect Turns

Countermeasure Sources

I.  Elimination of potentially misleading pavemel .
. . NCUTCD proposal to MUTCD (2010
markings and signs

Il. Implementation opavement markings with MUTCD and successful FDOT

guidance information experience on wrongay driving

[I. Exten§|on of edge lines at highwagil grade NCUTCD' proposal to MUTCD (2015
crossings

V. Implementation of Qwick Kurb MUTCD (2009) 2C.64

*National Committee on Uniform Traffic Control Devices

1.1.1 Countermeasure I: Elimination of Potentially Misleading Pavement Markings and
Signs

According to the previous NCTR studhe most recognized regulatory signs and pavement
mar kings in front of a railroadRighttamelMustcr ossi n
Turn Right, 0o @Lef tighttuanroely amlordett turit anlypavermentf t , 0
markings[1]. Figure1-2 shows an examplef these signs and markings beforaidroad

crossing on W Commercial Blvd nea®% in Oakland Park, Florida. To eliminate this potential
confusion, the national NCUTCD Technical Committee suggests placing them a minimum of
100 ft in advance of the stop line for a highwaiyl grade crossing. Thescific

recommendation was proposed in NCUTCD Technical Committee Railroad/Light Rail Transit
Technical CommitteeRRLRT) Item No. 1[3]. The proposed changes were supported by the
Association of American Railroads (AAR) inetter to the Federal Highway Administration
(FHWA) recommending adoption of the changes into MUTCD.



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

The purpose of thehange proposed by NCUT(B] was to address several tranto crashes

that occurred several years before the proposal. In all of those incidents, a roadway user made an

improper turn onto the tracks rather than at an adjactnsection immediately beyond the
grade crossing. It is believed that some additional language may be beneficial to guide roadway
users at grade crossings. In many of the incidents, an arrow pavement marking denoting an
exclusive drop lane was located the roadway between the stop line for the grade crossing and
the track area was causing drivers to misinterpret theaurht the railroad crossing as the
locationat which they were to turn. It is believed that the proposed change will lead roadousers
more clearly understand where the turn is to be made, evenaddgse conditions].

Proposed Section 8B.23 Arrow Markings

Standard:Arrow pavement markings for turn lanes shall not be placed between
the stop line fothe highwayrail grade crossing and the tracks.

Guidance:Arrow pavement markings, if used, should be plac@gnimum of
100 ft in advance of the stop lif@r the highwayrail grade crossing when
sufficient turn lane storage length exists. Arrow pavemeankings, if used,
should be placed no less than 20 ft beyond the far rail.

Figurel-3 shows an example of the befaatter comparison of proposed Countermeasure | in
front of a grade crossing on Forest Hills Blvd nef@blin Lake Clarke ShosgFlorida. In this
case, an arrow pavement marking denoting an exclusive lane was located on the roadway
between the stop line for the grade crossing and the track area. Agcrdihe proposdly
NCUTCD [3], the arrow pavement marking between the stop line and rail crossing and those
within 100ft before the stop lines suggested to be eliminatadUTR also suggests eliminating
arrow pavement markings before a grade crossimghown irFigure1-3. In this case, the

ARi ght Lane ™Musi giub ddc®ssiggwtilitaleo bg eliminated to avoid
confusion.



Before a After |

Potentially Misleading Pavement Markings Elimination of Potentially Misleading Pavement Markings

Figure 1-3 Countermeasure I: Elimination of potentially misleading arrow pavement
markings and signs before a grade crossing



1.1.2 Countermeasure II: Implementation of Pavement Markings with Guidance
Information

Pavement words, symbols, and arrow markings are uségef@urpose of guiding, warning, or
regulating traffic. According to MUTCD, symbol messages are preferable to word messages
(MUTCD, 2009)[4]. In particular, route shield pavement markings are available for use in
accordancewit t he MUTCD Sect ilraffit ElgjiBeerang Manua[DEMY, 6 s
Section 4.2. One exampkethe route shield lane pavement markingedon Bearss Avenue at
[-75, shown irFigurel-4. These pavement markingeeused to reduce a spate of wrengy
driving incidents in which drivers were incorrectly attempting to era3 using its exit ramps
Incorrect turning by drivers at highwagil grade crossings is also a type of wravay driving.
This pilot study recommends the use of similar pavement markings with guidance information to
deter and prevent future incidents of incorrect turns at higmaiagrade crossings near
interchange ramps or-gtade signalized intersections with exclusive turn lanes.

2
€
€

Figure 1-4 Pavement markings with guidance information at
[-275 NB offramp at Bearss Ave, Tampa, Florida

To adopt the suggestion from MUTCD and apply successful FDOT experiepcevamting
wrongway driving, CUTR explored two types of designs, including through arrow pavement
markings with target roadway information (name dirdction) to replace the turning arrow
pavement markings on the upstream ofrtigoadcrossing, as illustrated irigure1-5.
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Through
Arrow

+ Symbol
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After ll-Design A After Il-Design B
Pavement Markings with Guidance Information Pavement Markings with Guidance Information

Figure 1-5 Countermeasure II: Implementation of pavement markings

Design type Auses a combination of word message, cardinal direction, and straight arrow in
front of a grade crossing, and design type B uses a combination of a route or interstate shield
cardinal direction, and straight arrow in front of a grade crossing. A worchgegSesign A)

will cost less, but a symbol message (Design B) can provide better visibility. Both can provide
guidance information for preventing incorrect turns at highvedlygrade crossingsf used,

route shield pavement markings must be installddasd | ows, according t
Sections 4.2.3 and 4.2.4 (FDOT, 2012 and revised 761:6)

0]
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All route shields shall be pifermed thermoplastic.

All route shield pavement markings shall be 15 ft in length.

US route shields sHdnave contrast for both asphalt 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 andbr messages (To, Left, Right, NorimdSouth) may be used to qaipment
route shields and shall follow the route shield.

= =4 =4 -8 98 -9

Use an 80 ft gap between markings. However, cardinal directions (if used) may be 40 ft from a
route shield marking.

1.1.3 Countermeasure lll: Extension of Edge Lines at Highway-Rail Grade Crossings

Anotherissue associated with incorrect turns and tvahiclecrashes is tharoadway edge

line may stop near the stop line for the grade crossing and does not continue across the track
area. In 2011, the Railroad and Light Rail Technical (RRLRT) Comm#tmmnmended the
addition of new Section 8B.31 to address the optional inclusion of edge line markings across a
grade crossing. The National Transportation Safety Board (NTSB) made a preliminary safety
recommendation to allow the use of tubular delinedtofsrther supplement the edge line
markings (NCUTCD, 2015p]. The RRLRT Committee, FHWA, and AAR support this
recommendation and have proposed the following changes to Section 8B.31.

Proposed Section 8B.31 Edge Lines hade Lines at Grade Crossings
Guidance:

1 When used, edge lines (see MUTCD Section 3B.06) and lane lines (see MUTCD
Section 3B.04) should extend to and across the track(s) at a grade crossing to
delineate the edge of the traveled way and the separatiaffaf lnes across the
track(s).

1 When used, tubular delineators should not be installed within 6 ft of any rail.

Option:

1 The edge lines and lane lines may be omitted from the crossing surface if the surface
cannot retain the application of the marking.

1 Rased pavement markers or tubular delineators may be used to supplement the edge
lines to delineate the edge of the traveled way across the track(s).

Support:

1 This delineation is desirable where the crossing is in close proximity to a highway
intersection.

1 Where used, raised pavement markers or tubular delineators placed along the edge
line of the traveled way shall be white or yellow in color to match the color of edge
lines stipulated in MUTCD Section 3B.06.

Figure1-6 shows an example of a befemfter comparison of Countermeasure 11l in front of a
railroadcrossing on Forest Hills Blvd neafb in Lake Clarke ShoseFlorida.Extending edge



lines marking to and across grade crossingjincrease the visibility of the edge of the travel
lane for road users and emphasize the message the crossing curb cut is not a place to turn.

Before After Il

Without Edge Line Markings at Grade Crossings With Edge Line Markings at Grade Crossings

Figure 1-6 Countermeasure lll: Extension of edge lines

The combination of the above three recommended countermeasures, as illuskafeckilz 7,
could be a holistic treatment to prevent incorrect turns onto railroad tracks.



Edge Lin
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Before

Figure 1-7 Combination of Countermeasured, Il and Il .

1.1.4 CountermeasurelV: Implementation of Qwick Kurb

At somerail crossingsthere isapotential risk ofdrivers turning aroundhfakinga U-turn) using
railroad tracksAn exampleof anincorrect Uturnis shownin Figure1-8.



Incorrect U -turn

Figure 1-8 Example ofincorrect U-turn at railroad crossing

Qwick Kurbcandeter motorists fronturningaroundbefore or atailroadcrossings
consequentlyprevening incorrect Uturns. The U.S. Department of Transportation (DOT)

Federal Railroad Administration (FRA) promotes the use of traffic channelization devices (e.g.,
Qwick Kurb) at highwayrail gradecrossings with active warning devices, where applicable.
Thesetraffic channelization devices provide a proven safety bedefiteviousstudy [7] was
conductedht locations where driver violations occurred at highwnalygrace crossings and after
installation of channelization devices at these locatimwilting ina significant reduction in

driver violations Figure1-9 showsan example of Qwick Kurb a@railroadcrossing.
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Figure 1-9 Example of Qwick Kurb at railroad crossing(photo courtesy of NCDOT)

1.2 Effectiveness of Pavement Marking Countermeasures for WrongVay Driving

FDOTo6s Traffic Engi nee madegstatewide efforpteaddrdss ons of f
wrongway driving problems that were especially prevalent in 2@Glddancein a Roadway

DesignBulletin noteschangeghatrecommended straight arrow and route interstate shield

pavement markings in lefurn lanes abff-ramp intersections. These route shield pavement

markings have been actively implemented in FDOT Distrigti¥ere cash data shoa

significant reduction in wrongvay driving fatalities in 2015. In FDOT District 4, by the summer

of 2016, approximately 25% of interchanges will feature the signs and markings.

Many studies have been conducted to evaluate the effectiveness of cousueesi&a wrong
way driving.Table1-2 providesa summary of previous studies on pavement marietajed
countermeasures to prevent wremgy driving.

1.3 Effectivenessof Qwick Kurb to Deter Driver sfrom Turning around at Railroad
Crossings

Studieq7] have been conducted to evaluate the effectiveness of Qwick Kurb for discouraging
motorists from violating the warning gates, as showhahble1-3.

11



Table 1-2 Summary of Previous Studies on Pavement Markingrelated Countermeasures
to Prevent Wrong-Way Driving

Reference Treatments Notes/Findings
NTTA, 2013  {Pavement marking  Reduction from 5 incidents in 6 montt
[8] modificationsat westbound US before change to 3 in 6 months after

380 at Dallas North Tollway treatment (40% reduction)
(DNT) northbound exit ramp 1 $1,104i roadway pavement marking
modifications

Chrysler & I Pavement marking pair of ¢ 1 90% reduction in number of wrong

Schrock, 2005 ft, through laneuse arrows way maneuvers (incorrect movement
[°] fLocated 120 ft from gore of exi dropped from 7.4% of correct

ramp movements before to 0.7% after)
Pour 9 Survey questionnaire designec § Roughly 70% of respondents use
Rouholamin to collect data concerning wrongway arrows as described in 20!
etal., 20192] current practices of wrorgay MUTCD

driving countermeasures 1 Majority of agencies place these arro\

T Included pavement markings on exit ramp near intersecti®with
crossroad(71.4%) and at middle of
exit ramgs (64.3%)

1 More than half (56.3%) of states have
equipped pavement markings at
problematic roads with red
retroreflective raised pavement marke

Campbell & | fStudied effect of package of = Rate of wrongway maneuvers
Middlebrooks, countermeasures for wroiwgay ~ decreased from 88.6/month to
1988[10] driving at exit ramp in Atlanta = 2.0/month after countermeasure
fIncluded treatments to improve applications, 97% reduction
visibility of longitudinal
pavement markings

Kaminski& 9 Guidelinei existing leftside 11 24% of DOTSs responding to TTI

Leduc, 2008 exit ramps on freewaysust survey use wrongvay pavement
[11] have reflectorized wrongiay arrows on all exit ramps
pavemenarrows installed 1 28% use them on known or suspecte!

problem areas
Morena & TMDOT assembled package of § MDOT estimated average cost of

Leix, 2012 multiple low-cost implementing countermeasure
[12] countermeasures by providing  package at approximately $6,500 pe
more extensive and treated exit ramp

comprehensive visual cues

T Included pavement marking
extensions

12



Table 1-3 Summary of Previous Studies on Qwick Kurb to Deter Drives from Turning
around at Railroad Crossings

References Treatments Notes/Findings
The Transpo ¢ Studied effectiveness afiedian 1 Vehicle violation rates averaged 1.8
Group, Inc., separators implemented at specil  incidents per week before installatic
2000[13] at-grade rail crossing location of separators
1 Data collected for 60 days before { Vehicle violaton rates averaged 0.4
and aftennstallation of median incidents per week after installation
separators on the separators
Sneed, 1998 ¢ Evaluation of 20 trains performed { Preevaluationobserved 8 vehicles
[14] using video camerbefore and crossing violation
after installation of 1 Post evaluatioobserved® vehicles
countermeasure coming arounatrossing guarsl
Ko, Courage ¢{ Surveillance system used to colle T 4004hoursof video recorded
& Willis, video data at crossing sites 1 2624 train crossing events observec
2003)[15] 9 Data used to evaluasdfectiveness manually to assess effectiveness of
of separator in discouraging traffic separators

motorists from violating warning  q 25 vehicks drove around gate when
gateS before train arrives and afte the Separators not insta"ddr“y one

train departs vehiclewasobserved after separator
installed
Horton, 2010 { Survey of types of traffic 1 Installationof traffic channelization
[16] channelization devicesith devices ahighwayrail grade
discussion on effectiveness of crossingdiscussedrisky behavior
types ofdevices reduced by 68%
Goodell 1 Study of before and after installin § Flexible median barriers used in
Grivas, Inc.,  Qwick Kurbmade at different sige  study effective in reducing driver
2000[17] with video camera and observer  violation
McKnight &  q Data collected for 4 months at Rubber plastic barrier installed to
Khattak, intersection to observe driving study driving actions.
2007[18] behaviorwhen gates close at { Total number of unsafe driving
railroad crossing actions decreased after installation
barriers

1.4 Combination of Countermeasures

Based on the previous NCTR study, recent recommended changes from NCUTCD to address
incidents due to incorrect turns at highwayl grade crossingsind successful FDOT experience
to preventwrongway driving coutermeasurémplementation, foupromising lowcost
countermeasuredescribed abovare recommended for preventing incorrect turns at highway
rail grade crossings:

13



Elimination of potentially misleading pavement markings and signs
Implementation of pavement markings with guidance information
Extension of edge lirssat highwayrail grade crossings
Implementatiorof Qwick Kurbto deter angprevent incorrect Hurns

PwNPR

To provide better guidance for road users, it is recommendsxhsidercombiningdifferent
countermeasures for preventing incorrect turns onto railroad tracks.
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2 Develogment of Incorrect-turn Incident History Inventory for Florida

2.1 Overview

An inventory for incorrect turns of vehicles onto railroad traokiloridacould helpFDOT and
practitioners identify problem areas and locations for future improvements to reduce incidents of
incorrect turs onto railroad tracks.

CUTRdeveloped an inventory of incidents caused by incorrect turns at higlagyade
crossings onto railroad tracks in Florida. The research team coordinated withusi@three
major data sources: FDOT Crash Analysis Reporting System (CARS), FRA aciridelant
database, and news reports. The research team also coordinated wittoFf@fRct railroad
companies to obtain records of events of vehicles stuck on rail trackeetteatot available in
the FRA and FDOT databases. Statewide incident data were analyzed to gais émsipbt
occurrence of incidents pertaining to incorrechs of vehicles onto railroad tracks. The time
frame for the data collection was from 2010 to 2014.

It should be noted that events involving incorrect turns onto railroad tracksliffendt to be
determined based on existing fields in the FRA and Fld&abases. When a vehicle is removed
from rail tracks and no damage occurred at the crossing, the incident may not be reported to
FRA. Also noteworthy is that the FDOT database provides crash informatiandiuaiesboth
trains and cars in the same eze

2.2 Development of Incorrect Turn Incident History Inventory

CUTR adopted five steps to colleicformation onincidents caused by incorrect turns onto
railroad tracks

2.2.1 Step 1: Identify Crashes Dueto Incorrect Turns from CARS

CUTRreviewed the historical crash dataHBOT CARS and identified incorrect tuicaused
crashes based on the following criteria:

1 Crash occurred between 2010 and 2014

1 Crash occurred at a railroad crossing

1 Vehicletrain crashes or singhehicle crashes only

1 Before crash occurrence, vehicle was turning {left or rightturn)

To filter incorrect turacaused crashes frotine millions of historical crash data, a Glased
procedure was developeas shown ifrigure2-1. In total, 14 crashes were identified from the
FDOT CARS, as shown ihable2-1.
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2. Collect all
1. Create 100 -ft crashes occurring ﬁw.ese?ilr?d(grri?esrrifr?
buffer at each rail —>| in these buffers for —> 3 from ?:ollected
crossing in ArcGIS 5years (2010 - dataset

2014)

|
Vv

4. Select crashes
with turning S 5. Output to table
movements from and ArcGIS Map
selected dataset

Figure 2-1 Procedure to filter crashes due to incorrect turns
at highway-rail grade crossings from FDOT CARS

2.2.2 Step 2: Identify Crashes/Incidents Causedby Incorrect Turns from the FRA
Database

CUTR searched the FRA database to collect incident events, including crash events-and non
crash events, occurring in Florida from 202014. The data review proceduresigownin
Figure2-2. In total, six crash events were identified from the FRA database, as shdailen

2-1.

1. Collect all . 3. Select any
e_vents _ dezs;.cﬁpe);ilé)iwof ernts 4. Output to
occurring at rail —> each identified —> described as —>| table and GIS
crossings event incorrectturn - map.
(2010 -2014). ) caused.

Figure 2-2 Procedure to filter events caused by incorrect turns
at highway-rail grade crossings from the FRA database

2.2.3 Step 3: Identify Crashes/Incidents Causedby Incorrect Turns from News Reports

CUTR searched news reports that recorded events caused by incorrect turns at-néghway
grade crossinthatoccurred inFlorida from2010 2014. Based on descripti®im the reports, the
research team identified any event involving incorrect turns at raitmasdings and matched the
event to the FDOT CARS to determine if the events were crashes. The procationeris
Figure2-3. In total, eight events were identified from the news reports, as sholabia2-1.

16



2. Found any event
involving incorrect
turns at highway -rail
grade crossings
(2010 -2014).

1. Reviewed news S
reports on Google

v

3. Identified event
type (crashornon - ——>
crash).

4. Output to table
and GIS map.

Figure 2-3 Procedure to filter events caused by incorrect turns
at highway-rail grade crossings from news reports

2.2.4 Step 4: Mergeldentified Crashes andincidents Causedby Incorrect Turns

The research team matched the incidents identified from the three data resources to exclude
duplicated events. Finally, no duplicated events were found and 28 events (26 crashes and 2 non
crash events) were merged into a GIS map, as shoWaie2-1.

2.2.5 Step 5: CollectEventsof Vehicle Stuckon Tracks from Railroad Companies

In addition to incidents identified from the three data soufCed,R also collectednformation

on events of vehicles stuck on railroad tracks caused by incorrect turns at railroad crossings from
CSXin Florida in 2012. If a vehicle was stuck on a railroad track, unless an incorrect turn was
clearly excluded as the cause (for exampleidact on a nearby track), it was most likely caused

by an incorrect turn at a highwagil grade crossinglhe research teaneviewed all events in

the CSX reports ancktainedall eventan whichthe cause could not be excluded from incorrect
turns. The smmary of events; whichvehicles were stuck on tracks, arranged by city, are given

in Table2-2. Tampa and Jacksonville are among the top two cities with manymtide

17



Table 2-1 Identified CrashesIncidents Caused by Incorrect Turns at HighwayRail Crossings inFlorida (20102014)

18

CROSSING YEAR ROAD1 ROAD2 CITY DISTRICT CRASH SOURCE
624151p 2014 Combee Rd Us92 Lakeland 1 Yes FDOT
624151p 2010 Combee Rd usS 92 Lakeland 1 Yes FDOT
624151p 2003 Combee Rd UsS92 Lakeland 1 Yes FDOT
624151p 1987 Combee Rd usS 92 Lakeland 1 Yes FDOT
628281la 1998 Hollywood Blvd [-95 Hollywood 4 Yes FDOT
628281la 1989 Hollywood Blvd [-95 Hollywood 4 Yes FDOT
628139w 2014 Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
628139w 2008  Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
628139w 2006 Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
628139w 2001 Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
628139w 1991 Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
628139w 1991 Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
628139w 1988 Forest Hill Blvd [-95 West Palm Beach 4 Yes FDOT
626890u 1987 North Blvd Busch BIvd Tampa 7 Yes FDOT
624820x 2010 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 2002 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 2001 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 2001 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 1999 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 1994 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 1991 Adamo Dr N 39" St Tampa 7 Yes FDOT
624820x 1987 Adamo Dr N 39" St Tampa 7 Yes FDOT
626845a 2010 Tampa Road State St W Tampa 7 Yes FDOT
621216 2010 Mcduff Ave Post Jacksonville 2 Yes FRA
628186 2010 Commercial Blvd Oakland Park 4 Yes FRA
628290 2010 Hallendale Beach Blvc Hollywood 4 Yes FRA

N/A 2010 Blue Springs Ave Magnolia Ave Orange City 5 Yes NEWS
641457 2010 12th St NW 87th Ave NW Doral 6 Yes CARS
N/A 2011 Allendale Rd West Palm Beach 4 Yes FRA
838210 @ 2011 SR20 SR65 Hosford 3 No NEWS



Table 2-1 Identified Crashes/Incidents Caused by Incorrect Turns at HighwayRail Crossings
in Florida (2010-2014) (Continued).
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CROSSING YEAR ROAD1 ROAD2 CITY DISTRICT CRASH SOURCE
628186 2011 Commercial Blvd 19-5 Ft. Lauderdale 4 Yes NEWS
621217 @ 2011 Edgewood Ave us 17 Jacksonville 2 No NEWS
838210 2011 SR 20 SR 65 Unincorporated 3 Yes CARS
339809 2011 SR 285 RR #339809N 3 Yes CARS
272519 2011 Copans Rd Dixie Hwy Pompano Beach 4 Yes CARS
272577 2011 Sheridan St RR #272577K Dania Beach 4 Yes CARS
620891 2011 Timuquana Rd RR #620891F Jacksonville 2 Yes CARS
339790 2012 Galliver CutOff Crestview 3 Yes FRA
272604 2012 163rd St NE Biscayne Blvd North Miami Beach 6 Yes CARS
272550 2013 NE. 3rd Ave Fort Lauderdale 4 Yes FRA
273419 2013 St. Lucie Ave Flagler Ave Stuart 4 Yes CARS
621216 2013 Mcduff Ave S Jacksonville 2 Yes CARS
272748 2013 W 8 Ave W 21 Street Hialeah 6 Yes CARS
620619 2013 Lane Ave S Beaver St W Jacksonville 2 Yes CARS
628146 2014 6th Ave [-95 Lake Worth 4 Yes NEWS
622188 @ 2014 Washington St Gertrude Ave Orlando 5 Yes NEWS
625087 2014 SE 80th St US 301 Ocala 5 No NEWS
622067 2014 N Ronald ReagaBlvd Longwood Lake Mary Rc Longwood 5 Yes NEWS
622163 2014 S New York Ave W Lyman Ave Winter Park 5 Yes CARS
272495 2014 SW 10th St S Swinton Ave Delray Beach 4 Yes CARS
622164 2014 W Fairbanks Ave Blake St Winter Park 5 Yes CARS



Table 2-2 Summary of Incidents of Vehicleson Rail Tracks in Florida, 2012

Ci
Tampa
Jacksonville
Pensacola
Plant City
Lakeland
Hialeah
Pompano Beach
Boca Raton
Hollywood
Clearwater
Miami
West Palm Beach
Tallahassee
Mulberry
Delray Beach
Homestead
Land O Lakes
Largo
Palmetto
Alachua
Auburndale
De Funiak Springs
Indiantown
Oakland Park
Ocala
Opalocka
Orange Park
Hawthorne
Lake Worth
Live Oak
Orlando

Palm Beach Gardens

Taft

West Miami
Zephyrhills
Avon Park
Brooksville
Cantonment
Fort Meade
Haines City
Oxford
Saint Petersburg
South Miami

# Incidents
56
29
20
19
12
11
10
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Ci
Barberville
Bartow
Belleview
Bostwick
Bowling Green
Boynton Beach
Bradley
Bushnell
Chattahoochee
Chipley
Cypress
Dade City
De Land

Deerfield Beach

Dover

Fort Lauderdale
Green Cove Springs

Holt

Holt (Holts)
Homeland
Interlachen
Lake Alfred
LakeComo
Lake Wales
Lawtey
Longwood
Lutz
Macclenny
Milton
Mossy Head
Ocoee
Oldsmar
Palatka
Pinellas Park
Quincy
Ruskin
Safety Harbor
Sanford
Seffner
Starke
Wildwood
Winter Park
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3 Facilitation of Review Process oRecommendedCountermeasures with
FDOT Panel

3.1 Overview

Two major subtaskaereincludedas part of thisctivity. The firstwasto prepare needed

information and materials on recommended countermeasures for preventing incorrect turns at
highwayrail grade crossings and candidate sites for future field studies for projectganel

review. Key panel members for this project inclditlee FDOT project manager and

representatives from FDOT Districts 1, 4, and 7. The sea@sfor CUTR to coodinate,

schedule, and facilitate the review process to present and discuss the recommended
countermeasures and candidate sites with project panel members to obtain feedback, comments
and suggestions.

3.2 Information and Material Preparation for Panel Review and Discussions

CUTR collected and prepared the following information and materials before review of
recommended countermeasures and candidate sites via meetings or teleconferences with project
panel members:

1 Incident information and contributing factds incorrect turns onto railroad tracks near
downstream intersections.

1 Proven effectiveness of wrowvgay driving treatments, including pavement markings
with guidance information.

1 Examples of pavement markings with guidance information to prevent wvapg
driving.

1 Recommended lowost and potentially effective countermeasures to prevent incorrect
turns of vehicles onto railroad tracks including Countermeasure I: Elimination of arrow
pavement markings and signs, Countermeasure Il: Implementation of pavearkings
with guidance information, and Countermeasure Ill: Extension of-kug@avement
markings at highwayail grade crossings.

91 llustration of pavement markings with guidance information and-#dgemarkings.

1 Recognition in compliance of cowartneasures with MUTCD and State standards.

1 Introduction of analysis method for evaluating recommended countermeasures to prevent
incorrect turns onto railroad tracks for future pilot studies.

1 Presentation of candidate sites for consideration for futuve giildies.

For illustration purposes, recommended countermeasuredlll, Hnda combinationof the
three as described i@hapter 1Figurel-3, Figurel-5, andFigurel-6), were proposed for panel
review.

3.3 Facilitation of Review Process of Recommended Countermeasures

CUTR communicated and coordinated witle FDOT project manager and representatives from
FDOT Districts 1, 4, and 7 to facilitate the review process and discuss recommended
countermeasures, candidate sites, and evaluation methods via three midgfinigshts of the
CUTR presentation and panel dissionsare providedelow,andmeetingminutesare provided

in Appendix |
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3.3.1

3.3.2

Highlights of CUTR Presentation for FDOT Districts 1, 4, and 7

CUTR introduced théackground of the project, major contributing causes of incorrect
turns, and recommended ceftective countermeasures for future pilot testing in several
FDOT Districts.
Some signage and pavement markings before highaibgrossings may cause driver
confusion and contribute to incorrect turns onto rail tracks (e.g., arrow pavement
markings before rail crossings).
FDOT District 7 has received much praise from the general public on (1) removat of left
turn arrow pavement markings on exclusive-tafn lane(s) before an interstate-oimp
intersection and (2) replacement of the interstate shield (e.g., shiek¥6j,Idirection
(e.g., South), and straight arrow pavement markings to preventawaygriving or
incorrect turns onto interstate aimps.
To eliminate potential confusion, NCUTCD suggests preventing turning arrow pavement
markings within 50 or 100 ft prior to a grade crossing.
Recommended countermeasures for a future pilot study include:
Removing arrow pavement markings from upstreamaibtrossings and
replacing them with straight arrow pavement markings with guidance
information.
Extendingedge lines across rail crossing areas.
Using a combination of above countermeasures.
Instead of using shield pavement markings, abbrevidesdification of nterstate (e.g.,
[-95), US highways (e.g., US 301), State roads (SR 60), or County roa@9)Could
be used to save cost.
A proposed methodology was presented to evaluate the effectiveness of recommended
countermeasures in a future pilobject. The method would be to compare the
proportion of isolated slowing vehicles with speeds at or below thpdgentile before
and after implementation of the recommended countermeasures.

Highlights of Specific Discussions and Conclusions from FDODistrict 1 Meeting

CUTR presentedive candidate sites in District 1 at which potential risks of an incorrect
turn exist.

Mr. Wheeler mentioned that several sites in Lakeland have shared through atarnight
lanes but not exclusive turn lanes and ask#tey should be considered for candidate
sites. Dr. Lin responded that a shared through andtightiane may also be considered
for a candidate site for a future pilot study.

To identify candidate sites, Mr. Wheeler indicated that historical incioiwen data at
highwayrail grade crossings in Lakeland or other cities in District 1 would be useful.
FDOT District 1 confirmed that the proposed countermeasures are adequate for a future
pilot testing project and the proposed evaluation methodologleguate and could be
used for a future pilot test to evaluate the proposed countermeasures.

Mr. Mathes mentioned that FDOT District 1 Transportation Systems Management and
Operations (TSM&O) would provide needed support for this project.

Regarding the futing for conducting the pilot test, FDOT project manager Catherine
Bradley suggested that FDOT Districts could cover the cost for pavement markings or
signage for a future pilot test via existing/future maintenance contracts or roadway
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3.3.3

3.34

resurfacing contrast The FDOT Central office may also seek funding to cover the
pavement markings or signs if Districts cannot cover them via existing or future
contracts. Dr. Lin noted that another potential solution is to obtain approval from the
FDOT Research Center todlude the expenditure for the pilot test in the project budget.

Highlights of Specific Discussions and Conclusions from FDOT District 4 Meeting

CUTR presentedix candidate sites in District 4 at which potential risks of an incorrect
turn exist.

Mr. Overton indicated that there is no exclusive riginin lane for the site at West

Sample Rd near95, Pompano Beach. Dr. Lin noted that this site was on the list because
of previous crashes and incidents. CUTR may explore other countermeasures for this site
(e.g., street lighting for this location due to several nighttime incidents).

Mr. Overton asked how CUTR measured vehicle speeds at the candidate sites. Dr. Lin
replied that CUTR used Wavetronix to collect speed data before the railroad crossings.
Mr.Over t on mentioned that District 4 would
Turn Righto sign on eastbound Commerci al
positioning so close to the railroad tracks, motorists could get confused and turn onto the
railroad tracks.

Mr. Overton suggested researching benefit and cost information for implementing the
proposed countermeasures for preventing incorrect turns onto railroad tracks. Dr. Lin will
explore and research the information.

Dr. Lin will send examples of incident reports obtained from a previous project to FDOT
District 4 representatives.

Dr. Lin mentioned that Dynamic Envelope pavement markings were used in several
locations in FDOT District 4 and would like to get more mfiation and evaluation

results if available.

Ms. Xie mentioned thahe FDOTOffice of Development may have the information

related to the implementation or evaluation results of Dynamic Envelope pavement
markings countermeasures. She will provide Dn.\ith contact information for the

office.

FDOT District 4 representatives support the proposed countermeasures for a future pilot
testing project and believe that the proposed evaluation methodology is adequate and
could be used for a future pilot testdvaluate the proposed countermeasures.

Dr. Lin asked if FDOT District 4 would be able to support the implementation of
proposed lowcost countermeasures (pavement markingsi) &asfes in District 4 in a

future pilot test project via District existirigfure maintenance contracts or roadway
resurfacing contracts. Mr. Overton noted that FDOT District 4 should have resources to
implement these lowost countermeasures.

Highlights of Specific Discussions and Conclusions from FDOT District 7 Meeting

CUTR presenteceight candidate sites in District 7 at which potential risks of an incorrect
turn exist.

Mr. Dunn mentioned that shield pavement markings are implementable on US, SR,
County, and City roads to display the road number and target direction; ¢hegtar
implementable on hamed roadways (e.g., Kennedy Blvd)
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1 Mr. Dunn stated that the cost for a shield pavement marking with color (interstate shield
pavement marking) could be more expensive than striped pavement markings of railroad
crossing areas or Dgmic Envelope pavement markings. Thus, striped pavement
markings of railroad crossing areas or Dynamic Envelope pavement markings were
suggested to be considered as a proposed countermeasure.

1 Mr. Boyle mentioned that the site selection process shoulddssrisstorical incorrect
turn records and asked for supporting incident or crash data for potential candidate sites
in Tampa. Dr. Lin and Dr. Wang indicated that the source of incident data come primarily
from railroad companies and asked for guidancenfldOT District 7 team to obtain the
incident data. Mr. Love suggested that CUTR contact Scott Allbrat&DOT Rail
Contracts and Signal Programs for incident recordailabadcrossings in the Tampa
Bay area. CUTR will contact Mr. Allbritton to obtaincident records in Tampa Bay.

1 The District 7 team believed that the proposed evaluation methodology is adequate and
could be used for future pilot testing.

Based on the results of panel review and following communications with the three districts,
CUTR finalized countermeasures to prevent incorrect turns onto railroad tracks and the sites for
the future pilot study and develegan evaluation plan for the pilot deployment of selected
countermeasures.
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4 Development of Deploymentand Evaluation Plan for Pilot Implementation
of Selected Countermeasures

4.1 Overview

A deploymentand evaluatiomplan forassessinghe performance of proposed countermeasures in
preventing incorrect turns at grade crossings was developed based on feedback recetied from
FDOT project managerail administrators, anchanagers and engineéresm FDOT Districts 1,

4, and 7. The deploymeahd evaluatiomplan includes the following:

Technical specifications of proposed countermeasures
Implementation criteria

Recommendedktations (sites) for deployment and evaluation
Recommended countermeasures at selected sites

Expected deployment data and duration

Data collectiorplananddataanalysis methodolgg

Potential benefits of the future deployment

= =4 =8 -8 -9 _9_-°

4.1.1 Technical Specifications

Improvement strategies frothe combined éur countermeasuresmeproposed to reduce driver
confusion in selecting proper turning points when approgdt-grade crossing&ablel-1).
Technical specifications afnprovement strategiegvhich isacombination of various
countermeasurewere retrieved from the MUTCD and are summarize@ahle4-2. Estimated
unit costdor deployment activitieareprovidedin Table4-2.

4.1.2 Estimated Unit Cost for Countermeasure Implementations

FDOT publishes statewide average costs for its bid items. The future pilot implementation of
proposed countermeasures would be a spnaject and bid item costs are likely to be lower than
those in the pilot i mplement at i0aaquickrespons& DOT Di
smalkjob contracd could provide a better basis for future pilot implementation of the proposed
countermeages. The higher value for each countermeasure implementation from the above two
sources was selected for estimated unit cost for each countermeasure implementation activity, as
shown inTable4-2. The quantities of deployment activities vary across sites (e.g., number of
right-turn arrows to remove), and the total deployment cost also varies from site to site. The total
cost for eaclselected site was estimated based on the individual deployment plan.
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Table 4-1 Technical

Improvement Strategy M

Specifications of Proposed Countermeasures

UCTD Specifications Suggested Application

RemoveRight-turn
Arrows
+
Straight Arrow
+
Cardinal Direction
+

Elongated Route Shield

= =4 -4 8 9

Section 3B.20, MUTCD If signalized intersection
White color connects to interstate

6 ft or more in height

Not exceed 3 lines

Interstate route shield

Straight Arrow 1 Section 3B.20, MUTCD If signalized intersection
+ 1 White color connects to surface roac
Cardinal Direction i 6 ft or more in height
ot 91 Not exceed 3 lines
Destination Name  § Road name in abbreviation
Edge Line Extension 1 3B.04, MUTCD At anyhighwaytrail
over 1 Solidwhite line grade crossings
At-grade Crossings 9§ Width of 6 in.
1 MUTCD (2009) 2C.64 At highwayrail grade
ok Kurb 1 Alternating black and crossing with hatched
Qwick Kur retroreflective yellow stripe; out median and potentia
q Stripes angle at 45 degrees risks ofincorrect Uturns
Table 4-2 Estimated Unit Cost
Deployment Activity Unit Cost
Remove right arrow $58.14 each

Remove fAiOnl yo mess $75.24each

Add straight arrow $83.25 each
Add interstate route shield $2,775.00 each
Add thermoplastic, standard, white word $177.60 each
Add white solid line $0.95 per foot
Add Qwick Kurb $65 per foot
Maintenance of traffic cost Additional 10%

Mobilization cost

Additional 10%
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4.1.3 Implementation Criteria

Tensiteswere recommenddor deployment and evaluation in FDOT Districts 1, 4 and 7. The
site selection followed the following criteria:

1 At-grade crossing close to signalized intersection at which drivers have potential risk to
incorrectly turn onto rail track

1 At-grade crossing with incident records related to incorrect turn (high priority) or other
reasons

1 Recommendations from FDOT Districts

1 Diversity of connecting roads (interstates and surface roads)

The characteristics of thenselected sites and recommeddountermeasures are described in
the next section.
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4.2 Characteristics of Recommended Sites and Countermeasures
4.2.1 District1
Site 1: Combee Rd @ US 92, Lakeland, FL

e HesitationBéhavior o
Paies 2= Detection Zone =

" —
9 u

Figure 4-1 Combee Rd @ US 92

Figure 4-2 Combee Rd @ US 92, Street View
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Potential Risks:

T

Drivers susceptible to turn onto rail tracks from rigintd leftturn lanes

Incidents Reported:

)l
)l
)l
T

= =4

4 incidents 12/5/2014, 3/20/2010, 4/1/2003, and 7/22/1987 fggeendix I1- A)

1 injury event, 1 fatality event

Recommended for consideration by FDOT District 1

Recommended for grade separation or other safety measures in districtwide draft
Highway Rail Grade Sepaiion report

Number of incidents reportethytime(6:00 AM to 7:00 PM): 3

Number of incidents reportedghttime(7:00 PM to 600 AM): 1

Suggested Countermeasures:

1
1
1

Replace 2 continuous righiirn arrows on righturn lane before afrade crossing with 2
straight arrows + fAEasto + AUS920
Replace 5 continuous leftirn arrows on lefturn lane before agrade crossing with 5
straight arrows + AWesto + AUS920

Extend edgédines over aigrade crossing

Table 4-3 Estimated Cost of Countermeasures, Combee Rd @ US 92

Countermeasure Unit Cost ($) Quantity  Total Cost ($)
Remove right/left arrow 58.14 7 406.98
Add straight arrow 83.25 7 582.75
Add message 177.60 14 2,486.40
Add line 0.95 40x 2 76.00
Sub Total 3,552.13
Maintenance 10% 355.21

Mobilization 10% 355.21
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Site 2: US 41 @ US 301, Bradenton, FL

Countermeasurer
ImplementationcArea « o

U-turn'Behavioror
Detection'Zane =

B ‘q'

Figure 4-4US 41 @ US 301, Street View
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Potential Risks:

1 Drivers making Uturns on agrade crossing

Incidents Reported:

1 Vehicle from US 41 crossing 3 travel lanes to midkieirn at the traffic signal

1 Vehicle from US 41 crossing 3 travel lanes to midkeirn on the railroad tracks
1 Incidents witnessed by FDOT District 1 officials

1 Recommended for consideration by FDOT Disttict

1

Recommended for grade separation or other safety measures in districtwide draft
Highway Rail Grade Separation report

Suggested Countermeasures:

T Add straight arrows + AOnlyo on egradey trav
crossing

1 Addstraighar r ows + AOnl yo on every travel | ane
of atgrade crossing

Add Qwick Kurbat hatcheebut median area
Extend edgédines over aigrade crossing

= =

Table 4-4 Estimated Cost of Caintermeasures, US 41 @ US 301

Countermeasure Unit Cost ($) Quantity  Total Cost ($)
Add straight arrow 83.25 4 333.00
Add message 177.60 4 710.40
Add line 0.95 15 x 4 ft 57.00
g(loclli(g\ri]vick Kurbalong hatcheaut 65 100 x 2 ft 13.000.00
Sub Total 14,100.40
Maintenance 10% 1,410.04

Mobilization 10% 1,410.04
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4.2.2 District 4
Site 3: Hollywood Blvd @95, Hollywood, FL

A

T Y LT R
Hesitation/Behavior o R e _ .
Detection/Zone: = ; Devicartosition

o

Figure 4-6 Hollywood Blvd @ 1-95, Street View
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Potential Risks:

1 Drivers susceptible to turn onto rail tracks from riglrin lane

Incidents Reported:

1 3 trainvehicle crashes, 5 incidents
2 incidents in 1998 and 1989 (s&ependix 11- B)
3 trainvehicle crashes in 2012011 (seAppendix II- G)
3 incidents May 2012January 2018seeAppendix II- G)
1 Number of incidents reportathytime(6:00 AM to 7:00 PM):3
1 Number of incidents reportadghttime(7:00 PM to 600 AM):5
1 Recommended for comkeration by FDOT District 4 and FDOT manager in previous
FDOT research project
1 Recommended for consideration by FDOT District 4

Suggested Countermeasures:

1 Replace continuous rigiitirn arrows on righturn lane before agrade crossing with
straight ar F%sheld ASout ho +
1 Extend edgdines over afgrade crossing

Table 4-5 Estimated Cost of Countermeasurs, Hollywood Blvd @ 95

Countermeasure Unit Cost ($) Quantity Total Cost ($)
Remove right/left arrow 58.14 2 116.28
Remove fAO0Only 75.24 2 150.48
Add interstate route shield 2,775.00 2 5,550.00
Add straight arrow 83.25 2 166.50
Add message 177.60 2 355.20
Add line 0.95 90ftx 2 171.00
Sub Total 6,509.46
Maintenance 10% 650.95

Mobilization 10% 650.95
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Site 4: Forest Hill Blvd @-B5, Lake Clarke ShoseFL

HesitationBehavior o
Detection'Zone =

Device Pasition

Countermeasure ¢
ImplementationcArea « o

GodgleEarth ey -

=)

Figure 4-8 Forest Hill Blvd @ 1-95, Street View
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Potential Risks:

1 Drivers susceptible to turn onto rail tracks from riglrin lane

Incidents Reported:
1 3 trainvehicle crashes, 10 crossing incidents

7 incidents’ 2014, 2008, 2006, 2001, 1991, 1991, 1988 fggm=ndix II- C)

1 fatality

3 trainvehicle crashes 2012011 (se\ppendix I1- G)

3 incidents May 2012Januay 2013 (sed\ppendix II- G)
1 Number of incidents reported Day Time@8AM to 7:00 PM): 7
1 Number of incidents reported Night Time@@PM to 600 AM): 6
1

Recommeded for consideration by FDOT District 4 and project manager in previous

FDOT research project
1 Recommended for consideration by FDOT District 4

Suggested Countermeasures:

1 Replace 7 continuous rightirn arrows on righturn lane before agrade crossing with 2

straight artr%sheldan2Scutrmao ght
1 Extend edgdines over afgrade crossing

ar9éws

Table 4-6 Estimated Cost of Countermeasures, Forest Hill Blvd @-95

Countermeasure Unit Cost ($) Quantity Total Cost (%)
Remove right/left arrow 58.14 7 406.98
Remove AONnly 75.24 4 300.96
Add interstate route shield 2,775.00 2 5,550.00
Add straight arrow 83.25 4 333.00
Add message 177.60 6 1065.60
Add line 0.95 90ft x 2 171.00
Sub Total 7,827.54
Maintenance 10% 782.75

Mobilization 10%
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Site 5: W Hallandale Beach Blvd @5, Pembroke Park, FL

S

HesitationBehavior o

Detection'Zaone -

Countermeasurer -
Implementationon

Area
m

o AR n R L
oo <Z

200 ft

i oYolo|[=

Figure 4-10 W Hallandale Beach Blvd @ }95, Street View
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Potential Risks:
1 Drivers susceptible to turn onto rail tracks fraght-turn lane

Incidents Reported:

1 3 trainvehicle crashes, 1 crossing incidents
- 3 trainvehicle crashes 2010011 (sedppendix II- G)
- 1lincidents May 20%i2aruary 2013 (seAppendix II- G)
1 Number of incidents reported Day Time (6 AM to 7 PM):3
1 Number of incidents reported Night Time (7 PM to 6 AM):1
1 Recommended for comkeration by FDOT District 4 and project manager in a previous
FDOT research project
1 Recommended for consideration by FDOT District 4

Suggested Countermeasures:

T Add with 1 strailg@hbt sariredwrotanethSaraiegatiet +
crossing
1 Extend edgdines over afgrade crossing

Table 4-7 Estimated Cost of Countermeasures, W Hallandale Beach Blvd @95

Countermeasure Unit Cost ($) Quantity Total Cost ($)
Add interstate route shield 2,775.00 1 2,775.00
Add straight arrow 83.25 1 83.25
Add message 177.60 1 177.60
Add line 0.95 50ft * 2 95.00
Sub Total 3130.85
Maintenance 10% 313.09

Mobilization 10% 313.09
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Site 6: W Commercial Blvd @95, Oakland Park, FL

Device=Pasitionn

Figure 4-11 W Commercial Blvd @ 1-95.

Figure 4-12W Commercial Blvd @ 1-95, Street View.
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Potential Risks:
1 Drivers susceptible to turn onto rail tracks fraght-turn lane

Incidents Reported:

1 4 trainvehicle crashes, 1 crossing incidents
- 4 trainvehicle crashes 2010011 (seé\ppendix Il- G)
- 1lincidents May 20%i2January 2013 (se®ppendix I1- G)
1 Number of incidents reported Day Tir(®@AM to 7 PM):4
1 Number of incidents reported Night Time (7 PM to 6 AM):1
1 Recommended for consideration by FDOT District 4 and project manager in a previous
FDOT research project
1 Recommended for consideration by FDOT District 4

Suggested Countermeasures:

T Add with 1 strai phid sahirelwd ot+ AlS osutammhEnegtht ar
before atgrade crossing
1 Extend edgdines over afgrade crossing

Table 4-8 Estimated Cost of Countermeasures, W Commercial Blvd @95

Countermeasure Unit Cost ($) Quantity  Total Cost ($)
Add interstate route shield 2,775.00 1 2,775.00
Add straight arrow 83.25 2 166.50
Add message 177.60 1 177.60
Add line 0.95 70ft* 2 133.00
Sub Total 3252.10
Maintenance 10% 325.21
Mobilization 10% 325.21
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Site 7: W Pembroke Rd @5, Hollywood, FL

Countermeasurer ¢

Implementationon
Area

Google Earth

Figure 4-14W Pembroke Rd @ 95, Street View
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Potential Risks:
1 Drivers susceptible to turn onto rail tracks fraght-turn lane

Incidents Reported:

1 6 trainvehicle crashes, 1 crossing incidents
- 3 trainvehicle crashes 2010011 (sedppendix II- G)
- 3incidents May 20%i2aruary 2013 (seAppendix I1- G)
1 Number of incidents reported Day Time (6 AM to 7 PM):3
1 Number of incidents reported Night Time (7 PM to 6 AM):3
1 Recommended faronsideration by FDOT District 4 and project manager in a previous
FDOT research project
1 Recommended for consideration by FDOT District 4

Suggested Countermeasures:

T Add with 1 straight arrow + -tiindamabeforeat + | nt e
grade crossing
1 Extend edgdines over afgrade crossing

Table 4-9 Estimated Cost of Countermeasures, Forest Hill Blvd @-95

Countermeasure Unit Cost ($) Quantity Total Cost (%)
Add interstate route shield 2,775.00 1 2,775.00
Add straight arrow 83.25 1 83.25
Add message 177.60 1 177.60
Add line 0.95 50ft * 2 95.00
Sub Total 3130.85
Maintenance 10% 313.09
Mobilization 10% 313.09
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4.2.3 District 7
Site8: Busch Blvd @ N Boulevard St, Tampa, FL

Countermeasure:
Impleme ¢ ntationiArea &

Device Position

Figure 4-15Busch Blvd @ N Boulevard St

Figure 4-16 Busch Blvd @ N Boulevard St, Street View
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Potential Risks:

1 Drivers susceptible to turn onto rail tracks from riginn lane

Incidents Reported:

9 3incidents
2 incidents 10/21/12 and 06/23/2012 (séppendix II- D)
1 incidenti 01/12/1987 (se@ppendix II- D)
1 injury event

1 Number of incidents reportathytime(6:00 AM to 7:00 PM): 2

1 Number of incidents reportadghttime(7:00 PM to 600 AM): 1

1 Recommended for consideration by FDOT District

Suggested Countermeasures

1 Replace continuous rigtitirn arrows on righturn lane before agrade crossing with
straight arrow + AEasto + ASR 5800
1 Extend edgdines over afgrade crossing

Table 4-10 Estimated Cost of Countermeasures, Busch Blvd @ N Boulevard St

Countermeasures Unit Cost ($) Quantity Total Cost (%)
Remove right/left arrow 58.14 1 58.14
Add straight arrow 83.25 1 83.25
Add message 177.60 2 355.20
Add line 0.95 45ftx 2 85.50
SubTotal 582.09
Maintenance 10% 58.21
Mobilization 10% 58.21
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Site9: E Adamo Dr @ N 39th St, Tampa, FL
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Google Earth

Figure 4-18 E Adamo Dr @ N 39th St, Street View
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Potential Risks:

1 Drivers susceptible to turn onto rail tracks from-leftd rightturn lanes

Incidents Reported:

1 8incidents 11/16/2010, 9/19/2002, 4/2/2001, 5/20/2001, 7/12/19019%/1994,
8/8/1991, 8/25/1987 (ségppendix II- E)

1 5injury events, 1 fatality event

1 Number of incidents reportathytime(6:00 AM to 7:00 PM): 5

1 Number of incidents reportedghttime(7:00 PM to 600 AM): 3

Suggested Countermeasures:

1 Replace continuous righitirn arrows on the righturn lane before the -@frade crossing
with straight arrow + AWesto + ASR 600
1 Extend edgdines over the agjrade cossing

Table 4-11 Estimated Cost of Countermeasures, E Adamo Dr @ N 39th St

Countermeasure Unit Cost ($) Quantity Total Cost ($)
Remove right/left arrow 58.14 2 116.28
Add straight arrow 83.25 2 166.50
Add message 177.60 4 710.40
Add line 0.95 40ft x 2 76.00
Sub Total 1,069.18
Maintenance 10% 106.92
Mobilization 10% 106.92
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Site10: Tampa Road@ State St W, Oldsmar, FL

Countermeasurer =
Impleme cntation Area =

Device Pasitit ion

Hesitation'Behavioror ¢
DetectionZone ¢

Google

Figure 4-20 Tampa Rd @ State St W, Street View
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Potential Risks:

T

Drivers susceptible to turn onto or stop on rail tracks

Incidents Reported:

= =4 =4 -8 -8 -9

1 incident- 11/14/2010 (seAppendix II- F)

5 trainvehicle crashes 2012011 (seé\ppendix II- G)

1 incident May 201RJanuary 2013 (se®ppendix I1- G)

1 injury event

Number of incidents reportathytime(6:00 AM to 7:00 PM): 3
Number of incidents reportadghttime(7:00 PM to 600 AM): 4

Suggested Countermeasures:

1
1

Add straight arrow on every travel lane beforgtde crossing
Extend edgdines over the agrade crossing

Table 4-12 Estimated Cost of Countermeasures, Tampa R@ State St W

Countermeasure Unit Cost ($) Quantity Total Cost ($)
Add straight arrow 83.25 3 249.75
Add line 0.95 25ft x 2 47.50
Sub Total 297.25
Maintenance 10% 29.73

Mobilization 10% 29.73
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4.3 Data CollectionPlan and Data Analysis Methodology

A beforeafter studywill be conducted at selected sites to evaluate the performance of the

proposed countermeasures to prevent incorrect tumglavayrail grade crossings. The

research teawill collectd at a i n two stages eatd emacdhh seexliesctiend
pavement markings, and dnafter, o0 after i mpl eme

4.3.1 Data CollectionPlan

A Wavetronix SmartSensoFigure4-21) and a cenera (such as GoPro 5) on a Pneumatic

Locking Telescoping Mastill be mountedat each candidate site. The installation positions and
detectiorzonedor thetencandidate sites are shownHRigure4-1 Combee Rd @ US 9Figure
4-3US 41 @ US 301Figure4-5 Hollywood Blvd @ 95, Figure4-7 Forest Hill Blvd @ 195,
Figure4-9 W Hallandale Beach Blvd @95, Figure4-11W Commercial Blvd @-B5, Figure

4-13W Pembroke Rd @ 95, Figure4-15Busch Blvd @ N Boulevard Sfigure4-17 E Adamo

Dr @ N 39th StandFigure4-19 Tampa Rd @ State St \Whe Wavetronix SmartSensases

the latest radar technology to collect and deliver traffic statistics, including traffic volume and
classification, average speed, individual vehicle speed, lane occupancy, and presence on multiple
lanes Datafor individual speedof cars approaching thailroadcrossings will be processed to
identify hesitation behaviors using the methodology introduced below. Traffic monitoring videos
from the camera will be used to verify the hesitating vehicles.

Figure 4-21 Wavetronix SmartSensor

The Wavetronix SmartSensor and cameras will be powered by a ggsoiveeed inverter
generator. A RS-485 cable will be used to connect the Wavetronix SmartSensor with a laptop.
Researchers can configure and monitor the SSeador on the laptop througletBmartSensor
Manager softwarelhe data collection procedunéll be as follows:

1. The research teawill coordinate withthe Project Manager and Districts 1, 4, and 7 to
request permissions for temporarily installing devices on roadside and monitoring traffic
andto determine the deployment and data collection schedule.
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2. Once approvalareobtainedfrom the Project Manager anithe Districts, data collection
fort he fibeforeo stage wil/l be conddrmgct ed f or
daytime hours (200 AM1 2:00 PM) and4 duringnighttime hours (00 PMi 11:00 PM).
Two research assistants will set up the devices beforctol, monitor the process
duringdatacollection, and detach the devices aftatacollectionfor each day. A total of
seven days will be us e ddoésmorinclude prepardtienf or e 60 d
travel, coordination, and other additional &m

3. After compl eting t htee FDOTd$trwts @ contihaorsavilc ol | ec't
implementthe proposed countermeasureshacandidate sitesvhich isexpected to be
completed withirli2monthsa f t er t he fbefored stage.

4. Once the deployment is completed, the research team will conduct anottueryone
observation at each siteddringdaytime hours (1200 AM1 2:00 PM) and4 during
nighttime hours (00 PMi 11:00 PM), using the same methodology.

5. Speed data from the SmartSenand videosvill be reviewedin thelab, and lesitation
events will be identified and verified. These datth be exported into a project database
for qualitative and quantitative analyses.

Steps 2hrough5 will be conducted separately in differenstdicts according to the progress of
deployment and schedule.

4.3.2 Data AnalysisMethodology

A driver who experiences potential hesitation is one who has a much lower speed and a
significant headway from the previous vehjae example is shown iRigure4-22. The first

vehicle is traveling at 30.2 mph when passing the setimsecond vehicle passes the sensor 1
minute and 32 seconds after first, at a speed of 9.1 mph. The second vehicle is either
experiencing hesitation or is simply traveling slowly. The red line shows the 15th percentile
speed of the sample, the value used to mine a low threshold. All vehicles experiencing hesitation
aregenerally under this valué.wasrecognized that this method is not 100% accurate, but
vehicles experiencing hesitation are potentially in this group. Care was taken that vehicles
following a slower vehicle were not counted in the calculations.

The colleted speed data will be reviewed in the lab to identify vehicles with hesitation using the
method described in the example. The hesitation rate will be calculated at each site for the two
stages using the following equation:

Hesitation rate = # of hesitain vehicles + # of turning vehicles

A statistical comparison wil!/| be conducted on
stages. If the hesitation rates are significantly reduced after implementing the countermeasures, it
could state the proped countermeasures can reduce the risk of incorrect tuhnghatay-rail

grade crossings.
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Figure 4-22 Example of hesitation vehicle
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5 Conclusions

Incorrect turns atighwayrail graderailroadcrossings are serious issues in traffic safety
management. According to previous studies, confusing traffic control and guidance csese the
issues. This study propospdtentially cosieffectivecountermeasureamedat addressg these
sakty issus and prevent incorrect turgrailroadcrossingsThe countermeasures include:

I.  Eliminating potentially misleading arrow pavement markings and signs

[I.  Painting pavement markings (straight arrows) with guidance information before
crossings

lll. Extendirg edge line markings at highwagil grade crossings

IV. Installing Qwick Kurb if there is a potential risk ioicorrect Uturn atrailroad
crossings

CUTR coordinated with FDOT Districts 1, dnd 7 to confirm the feasibility of the proposed
countermeasures agdndidatesites for evaluatiorilenhighwayrail gradecrossings were
identified for implementation dheproposed countermeasa@nd performance evaluatiofihe
CUTR research team detloped adetaileddeploymentand evaluatiomlan for pilot
implementatiorof selectedcountermeasurasacluding candidate sites, proposed
countermeasuresstimated costs, data collectiplan, anddataanalysis methodolggwere
developed

Replacing continuousght-turn or left-turn arrowswith straight arrowsefore atgrade
crossingsin conjunction withguidance information anithe addition of edge linesrelow-cost
countermeasurds reduce drives donfusion in selecting proper tung points as they approach
at-grade crossimg The use of Qwick Kurb could rede or eliminate potential risk of incorrect
U-turn at raifoadcrossings othe dangeof crossing manyravellanesto make a kturn.
Understanding the effectiveness of ieposé countermeasurdlrough abeforeafter study

will be beneficialto supportthe use ofvidespreadmplementation of teselow-cost
countermeasures in the futuneorderto significantly prevent incorrect turns at highway

grade crossings
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APPENDIX | MEETING MINUTES

BDV25 TWO 97711
Pilot Study for Preventing Incorrect Turns at Highway-Rail Grade Crossings

Meeting with FDOT District 1
March 17, 2017

Meeting Minutes
Attendees:

FDOT District 7: Mr. David Wheeler, Mr. Mark Mathes
FDOT Central Office:Ms. Catherine Bradley
CUTR: Dr. PeiSung Lin, Dr. Zhenyu Wang

CUTR Presentation:

1 The purpose of the meeting was to coordinate and communicate@a Bistrict 1 to
review recommended countermeasures for preventing incorrect turns onto railroad tracks
and obtain input.

91 Dr. Lin introduced the background of the project, major contributing causes of incorrect
turns, and recommended cestective courgrmeasures for future pilot testing in several
FDOT districts.

1 The group reviewed a summary table of incidents of vehicles on railroad tracks due to
various causes, including incorrect turns in Florida in 2012 (source: CSX). Lakeland had
12 incidents in 202.

1 Some signage and pavement markings before highambgrossings may cause driver
confusion and contribute to incorrect turns onto rail tracks (e.g., arrow pavement
markings before rail crossings).

1 FDOT District 7 has received much praise from theegarpublic on the (1) removal of
left-turn arrow pavement markings on exclusive-tafh lane(s) before an interstate-off
ramp intersection and (2) replacement of the interstate shield (e.g., shi@d%f |
direction (e.g., South), and straight arrpavement markings to prevent wrewgy
driving or incorrect turns onto interstate-ofmps.

1 To eliminate potential confusion, the National Committee on Uniform Traffic Control
Devices (NCUTCD) suggests preventing turning arrow pavement markings witbm 50
100 feet prior to a grade crossing.

1 Recommended countermeasures for a future pilot study include:

- Removing arrow pavement markings from the upstream of rail crossings and
replacing them with straight arrow pavement markings with guidance information
(e.g., }75 SB).

Extendingedge lines across rail crossing areas.
Using a combination of both countermeasures.
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Instead of using shield pavement markings, abbreviated Interstates-{&)3.US
highways (e.g. US 301), State roads (SR 60), or County (@4i39) could be
used to save costs.

1 CUTR showed five candidate sites in District 1 at which potential risks of an incorrect
turn exist.

1 Dr. Lin explained a proposed methodology that could be used to evaluate the
effectiveness of recommended countermessur a future pilot project. The method
would be to compare the proportion of isolated slowing vehicles with speeds at or below
the 15th percentile before and after the implementation of recommended
countermeasures.

9 Dr. Lin asked District 1 to recommemndo sites within the District for countermeasure
evaluation in a future pilot project.

FDOT District 1 Comments and Group Discussion:

1 Mr. Wheeler noted that several sites in Lakeland have shared through aridrmght
lanes, but not exclusive turn lar@sd asked about considering them for candidate sites.
Dr. Lin said that they should be considered for a future pilot study because they offer an
additional scenario for testing.

1 To help identify candidate sites, Mr. Wheeler asked if CUTR had historaairect turn
data at highwayail grade crossings in Lakeland or other cities in District 1. Dr. Lin
responded that CUTR had some incident data (mainly from railroad companies) for
locations in FDOT District 4, but not for Districts 1 or 7, and askeddatagnce from the
FDOT District 1 team to obtain additional incident data. Mr. Wheeler will check with the
FDOT District 1 Rail Administrator on obtaining incident data for incorrect turns onto
railroad tracks for the Lakeland area or other cities if nedd€cTION ITEM) CUTR
will also explore ways and sources to obtain the incident data.

1 Mr. Wheeler and Mr. Mathes confirmed that the proposed countermeasures are adequate
for a future pilot testing project and that the proposed evaluation methodology is
adeguate and could be used for a future pilot test to evaluate the proposed
countermeasures.

1 Mr. Mathes noted that FDOT District 1 Transportation Systems Management and
Operations (TSM&O) will provide needed support for this project.

1 How the pilot test wilbe funded was discussed. Ms. Bradley suggested that the cost for

pavement markings or signage for a future pilot test could be planned ahead and covered

from District existing/future maintenance contracts or roadway resurfacing contracts. The

FDOT Centrabffice may also seek funding to cover the pavement markings or signs if

Districts cannot cover them via existing or future contracts. Dr. Lin noted that another

potential solution is to obtain approval from the FDOT Research Center to include the

expenditwe for the pilot test in the project budget.

The District 1 team will review, discuss, and recommend two sites for a future pilot test.

(Action Item)CUTR will arrange a followup meeting to discuss the following:

Finalization of countermeasures to pavincorrect turns onto railroad tracks
Technical specifications of selected countermeasures

Implementation criteria

Expected locations in FDOT District 1 for testing and evaluation

= =4
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BDV25 TWO 97711
Pilot Study for Preventing Incorrect Turns at Highway-Rail Grade Crossings

Meeting with FDOT District 4
March 21, 2017

Meeting Minutes

Attendees:

FDOT District4: Mr. Jonathan Overton, Ms. Yujing Xie, Mr. Jonathan Ford
FDOT Central Office:Ms. Catherine Bradley

CUTR:

Dr. PeiSung Lin, Dr.Zhenyu Wang

CUTR Presentation

l

The purpose of the meeting was to coordinate and communicate with FDOT District 4 to
review recommended countermeasures for preventing incorrect turns onto railroad tracks,
describe evaluation methodology, present potecéiatlidate sites for a pilot study, and
obtain input.
Dr. Lin introduced the background of the project, data analysis on incorrect turns onto
railroad tracks, major contributing causes of incorrect turns, and recommended cost
effective countermeasures foture pilot testing in several FDOT Districts.
Signhage and pavement markings before highvedlycrossings may cause driver
confusion and contribute to incorrect turns onto railroad tracks (e.g., arrow pavement
markings before rail crossings).
FDOT hageceived positive feedback from the general public on the (1) removal-of left
turn arrow pavement markings on exclusive-tafn lane(s) before an interstate-céimp
intersection and (2) replacement of the interstate shield (e.g., shiek¥6j,Idiretion
(e.g., South), and straight arrow pavement markings to preventawaygriving or
incorrect turns onto interstate aimps.
To eliminate potential confusion, NCUTCD suggests preventing turning arrow pavement
markings within 50 or 100 feet prior tograde crossing.
Recommended countermeasures for a future pilot study include:
Removing arrow pavement markings from the upstream of rail crossings and
replacing them with straight arrow pavement markings with guidance information
(e.g., 195 SB).
Extendng edge linesacross rail crossing areas.
Using a combination of both countermeasures.
Instead of using shield pavement markings, abbreviated Interstates-9&)3.UIS
highways (e.g., US 1), and State roads (SR 842) could be used to save costs.
CUTR showed six candidate sites in District 4 at which potential risks of an incorrect
turn exist.
Dr. Lin explained a proposed methodology that could be used to evaluate the
effectiveness of recommended countermeasures in a future pilot project. The method
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conmpares the proportion of isolated slowing vehicles with speeds at or below the 15th
percentile before and after the implementation of recommended countermeasures.

9 Dr. Lin asked District 4 to recommend at least two sites within the District for
countermease evaluation in a future pilot project.

FDOT District 4 Comments and Group Discussion:

1 Mr. Ford asked about the timing for train and vehicle crashes due to incorrect turns. Dr.
Lin replied that more crashes occurred during the daytime.

1 Mr. Overton indcated that there is no exclusive rightn lane for the site at West
Sample Rd near95, Pompano Beach. Dr. Lin noted that this site was on the list because
of previous crashes and incidents. CUTR may explore other countermeasures for this site
(e.g., $reet lighting for this location due to several nighttime incidents).

1 Mr. Overton asked how the CUTR team measured the vehicle speeds at candidate sites.
Dr. Lin replied that CUTR used Wavetronix to collect speed data.

1 Mr. Overton mentioned that Distridt woul d take action to have
Turn Righto sign on eastbound Commerci al B
positioning so close to the railroad tracks, motorists could get confused and turn onto the
railroad tracks.

1 Mr. Overton sugested researching benefit and cost information for implementing the
proposed countermeasures for preventing incorrect turns onto railroad treatis (

Item) Dr. Lin will explore and research the information.

1 (Action Iten) Dr. Lin will send examples ahcident reports obtained from a previous
project to FDOT District 4 representatives.

1 Dr. Lin mentioned that Dynamic Envelope pavement markings were used in several
locations in FDOT District 4 and would like to get more information and evaluation
resuls if available. Ms. Xie mentioned that Office of Development may have the
information related to the implementation or evaluation results of Dynamic Envelope
pavement markings countermeasures. (Action Item) Ms. Xie will provide Dr. Lin with
the contact irdrmation of the office.

1 FDOT District 4 representatives support the proposed countermeasures for a future pilot
testing project and believe that the proposed evaluation methodology is adequate and
could be used for a future pilot test.

9 Dr. Lin asked if BOT District 4 would support the implementation of proposeddoat
countermeasures (pavement markings) at two or three sites in District 4 in a future pilot
test project via District existing/future maintenance contracts or roadway resurfacing
contractsMr. Overton stated that FDOT District 4 should have resources to implement
these lowcost countermeasures.

1 (Action Item) The FDOT District 4 team will review, discuss, and recommend at least
two sites for a future pilot test.

1 (Action Item) CUTR will arrange a followup meeting to discuss the following:

Finalization of countermeasures to prevent incorrect turns onto railroad tracks
Technical specifications of the selected countermeasures

Criteria for selecting sites for implementing proposed counteumess

Expected locations in FDOT District 4 for testing and evaluation
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BDV25 TWO 97711

A Pilot Study for Preventing Incorrect Turns at Highway-Rail Grade Crossings

Meeting with FDOT District 7
March 14, 2017

Meeting Minutes

Attendees:

FDOT District7: Mr. George Boyle, Mr. Steve Love, Mr. Kevin Dunn

CUTR:

Dr. PeiSung Lin, Dr. Zhenyu Wang

CUTR Presentation:

l

The purpose of the meeting was to coordinate and communicate with FDOT District 7 to
review recommended countermeasures for preventing intoar@s onto railroad tracks
and obtain input.
Dr. Lin introduced the background of the project, major contributing causes of incorrect
turns, and recommended cestective countermeasures for future pilot testing in several
FDOT districts.
The group reiewed a summary table of incidents of vehicles on railroad tracks due to
various causes, including incorrect turns in Florida in 2012 (source: CSX). Tampa had 56
incidents in 2012.
Some signage and pavement markings before higharbgrossings may causkiver
confusion and contribute to incorrect turns onto rail tracks (e.g., arrow pavement
markings before rail crossings).
FDOT District 7 has received much praise from the general public on the (1) removal of
left-turn arrow pavement markings on exclugsleftturn lane(s) before an interstate-off
ramp intersection and (2) replacement of the interstate shield (e.g., shi@d%f |
direction (e.g., South), and straight arrow pavement markings to preventwagng
driving or incorrect turns onto inteade offramps.
To eliminate potential confusion, NCUTCD suggests preventing turning arrow pavement
markings within 50 or 100 feet prior to a grade crossing.
Recommended countermeasures for a future pilot study include:
Removing arrow pavement markingsrfrahe upstream of rail crossings and
replacing them with straight arrow pavement markings with guidance information
(e.g., }75 SB)
Extending edge lines across rail crossing areas
Using a combination of these countermeasures.
Instead of using shieldavement markings, abbreviated Interstates (e4h),IUS
highways (e.g. US 301), State roads (SR 60), or County roads (CR 39) could be used to
save expenditure.
CUTR proposed eight candidate sites in District 7 at which potential risks of an incorrect
turn exist.
Dr. Lin explained a proposed methodology that could be used to evaluate the
effectiveness of recommended countermeasures in a future pilot project. The method
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would be to compare the proportion of isolated slowing vehicles with speeds atwer bel
the 15th percentile before and after the implementation of recommended
countermeasures.

Dr. Lin asked District 7 to recommend two sites within the District for countermeasure
evaluation in a future pilot project.

FDOT District 7 Comments and Group Digussion:

T

Mr. Dunn mentioned that shield pavement markings are implementable on US, State,
County, and City roads to display the road number and target direction. They are not
implementable on named roadways (e.g., Kennedy Blvd).
Mr. Dunn stated that the cost for a shield pavement marking with color (interstate shield
pavement marking) could be more expensive than striped pavement markings of railroad
crossing areas or Dynamic Envelope pavement markings. Thus, striped pavement
markings of railroad crossing areas or Dynamic Envelope pavement markings were
suggested to be considered as a proposed countermeasure.
(Action Item) CUTR will check and compare the expenditures for installing a shield
pavement marking, striped pavement magki of an entire railroad crossing area, or
Dynamic Envelope pavement markings.
Mr. Boyle mentioned that the site selection process should consider historical incorrect
turn records and asked for supporting incident or crash data for potential canitkdate s
in Tampa. Dr. Lin and Dr. Wang indicated that the source of incident data come primarily
from railroad companies and asked for guidance from FDOT District 7 to obtain the
incident data. Mr. Love suggested that the CUTR team contact Scott Allbrition wi
FDOT Rail Contracts and Signal Programs for incident recongsliatadcrossings in
the Tampa Bay area. (Action Item) CUTR will contact Mr. Allbritton to obtain incident
records in Tampa Bay.
The FDOT District 7 team thinks the proposed evaluatiothoa®logy is adequate and
could be used for future pilot testing and will review, discuss, and recommend two sites
for future pilot testing.
CUTR will arrange a followup meeting to discuss the following:
- Finalization of countermeasures to prevent inecirturns onto railroad tracks
Technical specifications of the selected countermeasures
Implementation criterions
Expected locations in FDOT District 7 for testing and evaluation
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APPENDIX Il APPENDIX INCIDENT REPORTS
AT Combee Rd @ US 92, Lakeland

Lagout | Contact
Rail Highway Crossing Inventory
Search Crossing Imports Statistics Reports
Crossing Number: |624151P - SR-659 / COMBEE RD V| Last Updated by on 3/3/2015 2:00:10 PM
Railroad Operating Company: CSX TRANSPORTATION, INC. Safety Index Rank: 111
Local Street Name: SR-659 / COMBEE RD Railroad Responsible FRA Field
Crossing Status: OPEN--TRACK ACTIVE
Crossing Incident
Month Day Year Total Injured Total Killed
Select 12 5 2014 0 0
Select 3 20 2010 1 0
Select 4 1 2003 0 1
Select 7 22 1987 0 0

Incident Data

Amtrak involvement
First RR code{csx
RR assigned number{p00138454

Incident Date/Time}12/5/2014 4:30 PM

GSA county name|pPOLK

GSA city name|LAKELAND
Highway name|COMBEE RD
Highway user estimated speed|o

Highway user vehicle type|pjck-up truck

Highway user direction|south

Position of highway user|stopped on crossing

RR Equipment involved| Train (units pulling)

Position of car unit in trainf1 ]

Circumstances of accident|Rail equipment struck highway user |

Entity transporting hazardous materials| Neither
Type of train|Freight train
Type of track{main

Track identification| SINGLE MAIN
FRA track class}4
Number of locomotive units{3

Number of cars| 109

Train speed(mph){o47
Train speed type|Estimated
Type of signalled crossing warning|Gates

Location of warning|Both sides

Warning interconnected with highway signals|yes

Motorist passed standing highway vehicle[No

Motorist struck by second train|No

Action of motorist|{stopped on crossing
Total killed as reported on F6180.57|0
Total injured as reported on F6180.57o |

Narrative|T17830 STRUCK A VEHICLE AT THE CROSSING, NO
INJURIES WERE REPORTED. PROTECTION ALSO AT
CROSSING: ADV ANCE WARNING AND PAVEMENT
MARKINGS (STOP LINES & RR XING SYMBOLS).
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Logout | Contact Support

Rail Highway Crossing Inventory
Search Crossing Imports Statistics Reports
Crossing Number: [624151P - SR-659 / COMBEE RD V| Last Updated by on 3/3/2015 2:00:10 PM
Railroad Operating Company: CSX TRANSPORTATION, INC. Safety Index Rank: 111
Local Street Name: SR-659 / COMBEE RD Railroad Responsible FRA Field
Crossing Status: OPEN--TRACK ACTIVE
Crossing Incident
Month Day Year Total Injured Total Killed
Select 12 5 2014 0 0
Select 3 20 2010 1 0
Select 4 1 2003 0 1
Select 7 22 1987 0 0
Incident Data
Amtrak involvement|k
First RR codefATK
RR assigned number{115218
Incident Date/Time|3/20/2010 11:33 AM
GSA county name|POLK
GSA city name
Highway name|; COMBEE RD
Highway user estimated speed|35
Highway user vehicle type|Auto
Highway user direction|west
Position of highway user|{Moving over crossing
RR Equipment involved| Train (units pulling)
Position of car unit in train{{ 4'
Circumstances of accident]Rail equipment struck highway user |

Entity transporting hazardous materials
Type of train

Type of track

Track identification

Neither

Passenger train

Main

SINGLE MAIN TRACK

FRA track class|
Number of locomotive units

4

2

Number of cars|

Train speed(mph)

Train speed type|

Type of signalled crossing warning
Location of warning

Warning interconnected with highway signals
Motorist passed standing highway vehicle
Motorist struck by second train

Action of motorist

Total killed as reported on F6180.57|
Total injured as reported on F6180.57
Narrative,

9

{46

Recorded

Gates

Both sides

Yes

No

No

Went around the gate

0

1

]

COMB EE RD CROSSING.

TRAIN # 91 OPERATING WITH LOCOMOTIVES E/73-E/154
AND 9 CARS STRUCK AN AUTOMOBILE AT MP A847.88;
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Logout [ Contact Support

Rail Highway Crossing Inventory

Search Crossing Imports Statistics Reports
Crossing Number: [624151P - SR-659 / COMBEE RD V| Last Updated by on 3/3/2015 2:00:10 PM
Railroad Operating Company: CSX TRANSPORTATION, INC. Safety Index Rank: 111
Local Street Name: SR-659 / COMBEE RD Railroad Responsible FRA Field
Crossing Status: OPEN--TRACK ACTIVE
Crossing Incident
Month Day Year Total Injured Total Killed
Select 12 5 2014 0 0
Select 3 20 2010 1 0
Select 4 1 2003 0 1
Select 7 22 1987 0 0

Incident Data

Amtrak involvement

First RR code|csx

RR assigned number| 040312004

Incident Date/Time{4/1/2003 5:25 PM

GSA county name{pPOLK
GSA city name| L AKELAND
Highway name|COMBEE ROAD
Highway user estimated speed|o

Highway user vehicle type{pick-up truck
Highway user direction|{North

Position of highway user|stopped on crossing

RR Equipment involved| Train (units pulling)

Position of car unit in train{1 ]

Circumstances of accident|Rail equipment struck highway user |
Entity transporting hazardous materials| Neither
Type of train|Freight train
Type of track|Main
Track identification| MAIN

FRA track class|s

Number of locomotive units|2

Number of cars|27

Train speed(mph){050

Train speed type|Estimated

Type of signalled crossing warning|Gates

Location of warning|Both sides

Warning interconnected with highway signals{yes

Motorist passed standing highway vehicle{No

Motorist struck by second train{No

Action of motorist|Stopped on crossing
Total killed as reported on F6180.57{1
Total injured as reported on F6180.57(o |

Narrative|VEHICLE WAS STOPPED ON TRACKS DUE TO TRAFFIC
BEING BACKED UP. TRAIN STRUCK VEHICLE CAUSING
FATAL INJ URIES TO THE DRIVER..
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