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Executive Summary 

Background 

Drivers may misinterpret advance indications and incorrectly turn onto railroad tracks when they are 

approaching highway-rail grade crossings that are close to intersections or freeway on-ramps. These 

incorrect turns can result in vehicles stuck on railroad tracks, increasing the risk of fatalities and injuries 

for road users and rail passengers and operators. The issue is more serious at night due to poor visibility. 

Turn-arrow pavement markings in upstream railroad grade crossings may cause the most confusion for 

drivers who turn onto the tracks. 

To provide clear indications to drivers and restrict their turning behaviors at railroad crossings, three low-

cost countermeasures were proposed, as shown in Table ES-1. The first countermeasure included 

elimination of potentially misleading pavement markings and signs before railroad crossings, the second 

was to implement straight arrow pavement markings with guidance information before railroad crossings, 

and the third was installation of Qwick Kurb to prevent intentional U-turns at railroad crossings.  

Table ES-1 Recommended Countermeasures to Prevent Incorrect Turns at Rail Crossings 

Countermeasures Sources 

Elimination of potentially misleading pavement markings and 

signs before railroad crossings 
Å NCUTCD* proposal to MUTCD (2010) 

Å MUTCD and successful FDOT experience 

on wrong-way driving 
Implementation of straight arrow pavement markings with 

guidance information before railroad crossings 

Installation of Qwick Kurb to prevent intentional U-turns Å MUTCD (2009) 2C.64 

*National Committee on Uniform Traffic Control Devices 

The major objective of this project was to evaluate the effectiveness of the proposed countermeasures 

through a pilot implementation in Florida. Specific objectives included the following:  

1. Coordinate with Florida Department of Transportation (FDOT) Districts 1, 4, and 7 to implement 

the proposed countermeasures at selected study sites. 

2. Develop appropriate surrogate measures to represent the risk of incorrect turns at railroad 

crossings. 

3. Conduct a before-after study to collect surrogate incorrect turn data at study sites. 

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

countermeasure implementation. 

5. Provide analysis results, research findings, and recommendations to FDOT for future 

implementations to effectively prevent incorrect turns at highway-rail grade crossings in Florida.  

Methodology 

A before-after study was conducted at selected sites to evaluate the performance of the proposed 

countermeasures to prevent incorrect turns at highway-rail grade crossings. The research team collected 

data, including speed profile and videos, in two stages: before ï without the proposed countermeasures, 
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and after ï with the proposed countermeasures. The collected data were reviewed to identify the surrogate 

incorrect turn measure, hesitation behaviors. A Chi-square, …, hypothesis test was used to compare the 

hesitation rates before and after implementation to address the effectiveness of the proposed 

countermeasures.  

The before-after study was conducted at eight study sites in FDOT Districts 1, 4, and 7, as shown in Table 

ES-2.   

Table ES-2 Study Sites and Recommended Countermeasures to  

Prevent Incorrect Turns at Railroad Crossings 

Site # Study Site (Florida)  
FDOT 

District  
Countermeasure 

1 US-41 @ US-301, Bradenton 1 Å Install Qwick Kurb 

2 Hollywood Blvd @ I-95, Hollywood 

4 

Å Remove continuous right-turn 

arrows on an exclusive right-turn 

lane before an at-grade crossing 

Å Add straight arrows with direction 

text and I-95 shields pavement 

marking before an at-grade crossing 

3 Forest Hill Blvd @ I-95, Lake Clarke Shores 

4 W Hallandale Beach Blvd @ I-95, Pembroke Park 

5 W Commercial Blvd @ I-95, Oakland Park 

6 W Pembroke Rd @ I-95, Hollywood 

7 Tampa Rd @ State St W, Oldsmar 

7 

Å Add a straight arrow pavement 

marking before an at-grade crossing 

8 Busch Blvd @ N Boulevard, Tampa 

Å Remove a right-turn arrow on an 

exclusive right-turn lane before an 

at-grade crossing 

Å Add a straight arrow with text 

information of direction and target 

road name pavement marking 

before an at-grade crossing 

Findings and Conclusions 

Based on the before-after comparison of hesitation rates, the following findings and conclusions were 

obtained: 

Å The replacement of continuous right-turn arrows with straight arrows plus guidance information 

on the pavement in upstream railroad grade crossings as presented for Sites 2-8 can significantly 

prevent incorrect right-turns onto railroad tracks, as shown in Figure ES-1. 

Å The effectiveness of using straight arrows plus guidance information pavement markings on 

exclusive turning lanes or shared lanes before railroad crossings is more significant at night than 

during daytime to prevent incorrect turns of vehicles onto railroad tracks.  

Å In some scenarios, the reduction in hesitation rates is not statistically significant due to the 

influence of external factors such as upstream driveways near railroad tracks and the presence of 

existing countermeasures (dynamic envelope, etc.). 
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Å Overall, the proposed countermeasures can significantly reduce hesitation rates of drivers at at-

grade crossings by 85% in daytime and 97% in nighttime at a confidence level of 99.9%. 

Å The installation of Qwick Kurb can effectively reduce intentional U-turns at railroad crossings. 

Å There were zero observations of incorrect U-turns after installing Qwick Kurb at Site 1. The 

100% reduction of U-turn intention rate in this study is statistically significant at an 87% 

confidence level for this countermeasure. The installation of Qwick Kurb can significantly reduce 

the turning radius, thus reducing the risk of intentional U-turns at railroad crossings. 

 
*90% confidence level; ** 95% confidence level; *** 99% confidence level 

Figure ESï1 Relative reduction of hesitation rates for pavement marking of  

straight arrow plus guidance information 

Recommendations 

The before-after study proved the effectiveness of the proposed countermeasures to prevent incorrect 

turns onto railroad tracks at at-grade crossings. For different scenarios, the proposed countermeasures 

present different effects. Based on the study, the following recommendations were provided: 

Å If an at-grade railroad crossing is located upstream of intersections, ramps, or driveways and the 

distance is short enough to result in the risk of incorrect turns onto railroad tracks, the following 

treatments are highly recommended: 

­  Remove all traffic control signs and pavement markings that lead to driver confusion on the 

correct turning point from upstream of the crossing, such as turning signs and turning arrow 

pavement markings. 

­  In the upstream of railroad crossings, implement thermoplastic straight arrows plus guidance 

information pavement markings on exclusive turning lanes or shared lanes following Manual 

on Uniform Traffic Control Devices (MUTCD) standards (Chapter 3B). 

­  Implement elongated route shields to provide guidance information. If route shields are not 

implementable, text can be used as a low-cost alternative for guidance information.  
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Å If intentional incorrect U-turns are frequently observed at at-grade crossings with wide spaces on 

both sides of railroad tracks, install Qwick Kurb devices to reduce the turning radius to prevent 

incorrect U-turns. Implement straight arrow pavement markings in upstream skewed rail-highway 

crossings if a turn point (intersection, ramp, driveway) is adjacent to the crossing downstream.  

Å The proposed three countermeasuresð(1) elimination of potentially misleading pavement 

markings and signs before railroad crossings, (2) implementation of straight arrow pavement 

markings with guidance information before railroad crossings, and (3) installation of Qwick Kurb 

to prevent intentional U-turnsðwere proven to be highly effective to prevent drivers from turning 

onto railroad tracks near freeway on-ramps or intersections downstream. It is recommended that 

FDOT implement these countermeasures at needed locations statewide. 
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1 Introduction  

1.1 Problem Statement 

Preventing incorrect turns at highway-rail grade crossings has received considerable attention in an effort 

to decrease fatalities and injuries for both road users and rail users/operators. To mitigate serious injuries 

and fatal collisions due to incorrect turns at highway-rail grade crossings, a previous National Center for 

Transit Research (NCTR) research project titled ñImproved Traffic Control Measures to Prevent Incorrect 

Turns at Highway-Rail Grade Crossingsò successfully identified five major contributing causes of 

incorrect turns onto railroad tracks:    

Å Potentially misleading signs and pavement markings near highway-rail crossings 

Å Darkness and low visibility near or at highway-rail crossings 

Å Inaccurate following of turn instructions from a GPS device onto railroad tracks 

Å Skewed highway-rail grade crossings 

Å Driver distraction 

Researchers found that right-turn arrow pavement markings in front of railroad grade crossings could 

cause the most confusion for drivers who turn onto railroad tracks, as illustrated in Figure 1-1. 
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Figure 1-1 Illustration of i ncorrect turning maneuver near an intersection 

Based on the identified causes, the NCTR study developed a set of practical countermeasures to prevent 

incorrect turns at grade crossings [1]. The major countermeasures for the upstream of a highway-rail 

grade crossing include advance direction signage, striping, and elimination of potentially misleading 

pavement markings and signs. Downstream countermeasures consist of guide signs and striping. For 

critical zones, countermeasures include striping, pavement gate markings, bollards, illumination, etc.  
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1.2 Low-Cost Countermeasures 

Researchers at the Center for Urban Transportation Research (CUTR) at the University of South Florida 

explored emerging traffic control countermeasures for preventing incorrect turns at railroad crossings 

based on the following criteria:  

Å Effective reductions in driver confusion at highway-rail crossings  

Å Successful FDOT experience on similar safety issues (e.g., wrong-way driving)  

Å Low-cost implementation  

Å Compatibility with Manual on Uniform Traffic Control Devices (MUTCD) standards or 

proposals 

Based on these criteria and a previous NCTR study [2], three low-cost countermeasures were addressed 

for preventing incorrect turns at highway-rail grade crossings, as shown in Table 1-1ðelimination of 

potentially misleading pavement markings and signs before railroad crossings, implementation of 

pavement markings with guidance information before railroad crossings, and installation of Qwick Kurb 

to prevent intentional U-turns at railroad crossings.  

Table 1-1 Low-Cost Countermeasures 

Countermeasures Sources 

Elimination of potentially misleading pavement 

markings and signs before railroad crossings 
Å NCUTCD* proposal to MUTCD (2010) 

Å MUTCD and successful FDOT experience on 

wrong-way driving 
Implementation of straight arrow pavement markings 

with guidance information before railroad crossings 

Installation of Qwick Kurb to prevent intentional U-

turns Å MUTCD (2009) 2C.64 

*National Committee on Uniform Traffic Control Devices 

1.2.1 Elimination of Potentially Misleading Pavement Markings and Signs 

The most recognized regulatory signs and pavement markings in advance of a railroad grade crossing that 

may confuse drivers are ñRight Lane Must Turn Right,ò ñLeft Lane Must Turn Left,ò and right-turn-only 

and/or left-turn-only pavement markings [1]. Figure 1-2 shows an example of these markings before a 

railroad crossing on W Commercial Blvd near I-95 in Oakland Park, Florida. To eliminate this potential 

confusion, the National Committee on Uniform Traffic Control Devices (NCUTCD) Technical 

Committee suggests placing them a minimum of 100 ft in advance of the stop line for a highway-rail 

grade crossing. The specific recommendation was proposed by the NCUTCD Technical Committee 

Railroad/Light Rail Transit Technical Committee (RRLRT), Item No. 1 [3]. The proposed changes were 

supported by the Association of American Railroads (AAR) in a letter to the Federal Highway 

Administration (FHWA) recommending adoption of the changes to MUTCD.  

The purpose of the proposed change was to address several train-auto crashes that occurred several years 

before the proposal. In all incidents, a roadway user made an improper turn onto the tracks rather than at 

an adjacent intersection 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 on the roadway between the stop line for 
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the grade crossing and the track area, causing drivers to misinterpret the curb-cut at the railroad crossing 

as the location at which they were to turn. It is believed that the proposed change will lead road users to 

more clearly understand where the turn is to be made, even under adverse conditions [3]. 

Proposed Section 8B.23 Arrow Markings 

Standard: Arrow pavement markings for turn lanes shall not be placed between the stop line for 

the highway-rail grade crossing and the tracks. 

Guidance: Arrow pavement markings, if used, should be placed a minimum of 100 ft in advance 

of the stop line for the highway-rail grade crossing when sufficient turn lane storage length 

exists. Arrow pavement markings, if used, should be placed no less than 20 ft beyond the 

far rail. 

 

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

1.2.2 Implementation of Pavement Markings with Guidance Information 

Pavement words, symbols, and arrow markings are used for the purpose of guiding, warning, or 

regulating traffic. According to MUTCD, symbol messages are preferable to word messages [4]. In 

particular, route shield pavement markings are available for use in accordance with the MUTCD Section 

3B [4] and FDOTôs Traffic Engineering Manual (TEM) Section 4.2 [5]. To adopt the suggestion from 

MUTCD experience on preventing wrong-way driving, CUTR explored two types of designs, including 

through arrow pavement markings with guidance information (name and direction) to replace turning 

arrow pavement markings on the upstream of the railroad crossing, as illustrated in Figure 1-3.  

As shown in Figure 1-3, Design A uses a combination of word message, cardinal direction, and straight 

arrow in front of a grade crossing, and Design B uses a combination of a route or interstate shield, 

cardinal direction, and straight arrow in front of a grade crossing. A word message (Design A) costs less, 

but a symbol message (Design B) can provide better visibility. Both can provide guidance information for 
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preventing incorrect turns at highway-rail grade crossings. If used, route shield pavement markings must 

be installed as follows, according to FDOTôS TEM Sections 4.2.3 and 4.2.4 [5]: 

Å All Route shields shall be pre-formed thermoplastic. 

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

Å US Route shields shall have contrast for both asphalt and concrete pavement. 

Å Align the symbol in the center of the lane 

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

Å Arrows or messages (TO, LEFT, RIGHT, NORTH, SOUTH), may be used to supplement route 

shields and shall follow the route shield. 

Å Use an 80-foot gap between markings. However, cardinal directions (if used) may be 40 foot 

from a route shield marking. 

 

Figure 1-3 Example of implementation of pavement markings with guidance information 
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1.2.3 Installation of Qwick Kurb 

At some rail crossings, there is a potential risk of drivers turning around (making a U-turn) using railroad 

tracks intentionally. An example of an incorrect U-turn is shown in Figure 1-4. 

 

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

Qwick Kurb can deter motorists from turning around before or at railroad crossings, consequently 

preventing incorrect U-turns. The U.S. Department of Transportation (DOT) Federal Railroad 

Administration (FRA) promotes the use of traffic channelization devices (e.g., Qwick Kurb) at highway-

rail grade crossings with active warning devices, where applicable. These traffic channelization devices 

provide a proven safety benefit. A previous study [6] was conducted at locations where driver violations 

occurred at highway-rail grade crossings and after installation of channelization devices at these locations, 

resulting in a significant reduction in driver violations. Figure 1-5 shows an example of Qwick Kurb at a 

railroad crossing.  

 

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

The effectiveness of the proposed countermeasures for preventing incorrect turns onto railroad tracks has 

not been documented. The overall objective of this project was to evaluate the effectiveness of the 

proposed countermeasures through a pilot implementation in Florida. The specific objectives included the 

following:  

1. Coordinate with FDOT Districts 1, 4, and 7 to implement the proposed countermeasures at 

selected study sites. 

2. Develop appropriate surrogate measures to represent the risk of incorrect turns at railroad 

crossings. 

3. Conduct a before-after study to collect surrogate incorrect turn data at study sites. 

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

the countermeasure implementation. 

5. Provide analysis results, research findings, and recommendations to FDOT for future 

implementations to effectively prevent incorrect turns at highway-rail grade crossings in Florida.  

1.4 Report Organization 

Following this introduction, Chapter 2 provides a description of the before-after study, Chapter 3 

describes the before-after study results, and Chapter 4 presents conclusions and recommendations for 

implementing the proposed countermeasures in Florida. 

  



 

7 

 

2 Methodology 

2.1 Overview of Before-After Study 

A before-after study was conducted at selected sites to evaluate the performance of the proposed 

countermeasures to prevent incorrect turns at highway-rail grade crossings. The CUTR research team 

collected data, including speed profiles and videos, in two stages: ñbeforeòðwithout the implementation 

of proposed countermeasures, and ñafteròðwith the implementation of proposed countermeasures. A 

detailed review of the data was conducted to identify the surrogate incorrect turn measures, hesitation 

behaviors. A … hypothesis test was used to compare the hesitation rates before and after implementation 

to evaluate the effectiveness of the proposed countermeasures. Figure 2-1 shows the procedure of the 

before-after study. 

 

Figure 2-1 Procedure of before-after study 

Collect "before" and "after" data.

Speed profile, videos

Identify potential hesitation behaviors.

Speed Ò 15thpercentile & headway Ó 10s

Confirm potential hesitation behaviors.

Review videos to exclude events influenced by 

unrelated factors (e.g., signal)

Compare confirmed potential hesitation rate 

before and after implementation.

Hesitation rate, Chi-squared test

Summarize findings and develop recommendations.
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2.2 Data Collection 

The data collected in the field included upstream speed profiles near railroad crossings and videos. An 

example of data collection layout is shown in Figure 2-2. 

 
Figure 2-2 Example of data collection layout 

As shown in Figure 2-3, installations of a Wavetronix SmartSensor and a GoPro camera on a Pneumatic 

Locking Telescoping Mast were mounted at each candidate site. The Wavetronix SmartSensor uses the 

latest radar technology to collect and deliver traffic data, including traffic volume and classification, 

average speed, individual vehicle speed, lane occupancy, and presence on multiple lanes. Data for 

individual speeds of cars approaching the railroad crossings were processed to identify hesitation 

behaviors using the methodology introduced below. Traffic monitoring videos from the camera were used 

to verify hesitating vehicles. The two devices were powered by a gasoline-powered inverter generator. 

Researchers configured and monitored the SmartSensor operations on a laptop through the SmartSensor 

Manager software. 

The data collection procedure was as follows: 

(1) The research team coordinated with the FDOT Project Manager and FDOT Districts 1, 4, and 7 to 

request permission for installing the data collection devices on the roadside and determine the 

countermeasure deployment and data collection schedule. 

(2) With the approvals from the FDOT Project Manager and FDOT District representatives, the 

ñbeforeò data collection was conducted at each site including daytime and nighttime hours. Two 

research assistants set up the devices before data collection, monitored the process during data 

collection, and detached the devices after data collection. 

Countermeasure 

Implementation 

Area 

Device 

Position 

Hesitation Behavior 

Detection Zone 
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(3) After completing the ñbeforeò data collection, the FDOT Districts or contractors implemented the 

proposed countermeasures at the study sites. 

(4) The research team conducted the second data collection at study sites after the completion of 

countermeasure implementation. The data collection approach (location, devices, and duration) in 

the ñafterò stage was as the same as the ñbeforeò data collection.  

(5) Speed data from the SmartSensor and videos were reviewed to identify hesitation events that 

represent the risk of incorrect turns. These data were exported into a project database for 

analyses.  

 

2.3 Data Reduction 

2.3.1 Hesitation Behavior 

It is difficult to observe actual incorrect turn behaviors directly for a short period of time because 1) 

incorrect turns onto tracks are rare and random events, 2) few incidents of turning onto railroad tracks are 

reported if no stuck vehicles or collisions occurred, and 3) surveillance devices (e.g., CCTVs) that 

monitor incorrect turn events are available only at a few grade crossings. Thus, a surrogate indicator was 

needed to measure the risk of incorrect turns at selected at-grade crossings for this study. Drivers who are 

confused about the turning point near railroad crossings will present hesitation behaviors that include 

using significantly slower speeds than normal to search for target turning points and make decisions. It 

can be hypothesized that the more the hesitation behaviors occur, the higher the incorrect turn risk is.  

This study collected hesitation behaviors by measuring speeds of approaching vehicles on exclusive 

turning lanes near railroad tracks. As shown in Figure 2-4, speed data from Wavetronix radar were 

Wavetronix SmartSensor 

GoPro Camera  
Figure 2-3 Installation of Wavetronix 

SmartSensor and GoPro on pneumatic mast 
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filtered by a vehicle with a speed lower than the 15th percentile of the collected sample and a significant 

long headway of 10 seconds or more to ensure that the slow-moving vehicle was not due to traffic 

congestion. The identified vehicles were treated as potential hesitation events. A second review (Figure 

2-5) was conducted on associated videos to exclude influence from other additional factors (e.g., red 

traffic signal, incident or lane closure, etc.). 

 

  

Figure 2-4 Example of visualization of Wavetronix speed data  

and potential hesitation filter 

+

Free flow of vehicle, no leading car and no 

influence of signal.

Sudden declaration near the tracks, indication of 

potential hesitation to turn onto tracks.  

Green Signal Green Signal

Observe the break 

light is on

 
Figure 2-5 Example of hesitation behavior verification on videos 
































































































