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Background

• Raised pavement markers (PRMs) are delineation devices

used to improve preview distances and guidance for drivers in

inclement weather and low-light conditions

• RPMs are installed along all centerlines and skip lines,

regardless of traffic volume, roadway geometry and roadway

classification in New Jersey
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Research problem 

• The extensive use of RPMs requires a considerable safety

investment

– For example, $2,000 per mile for RPM installation at

a 40-foot spacing in Indiana (Brennan et al. 2014)

• Therefore, it is important to understand

– Safety effects of RPMs

– Promising alternatives or modifications to RPMs

– Best practices on installation, monitoring and

maintenance of RPMs and alternatives

Brennan, T. M., Mitkey, S. R., Bullock, D. M. (2014). Alternatives to raised pavement markers RPMs. FHWA/IN/JTRP-2014/01. 
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Primary Deliverables

• Statistical safety 

analysis of RPMs 

and alternatives

• Decision support tool 

Primary Deliverables

• Analytical framework, 

cost-benefit analysis 

of RPMs and 

alternatives

• Development of 

decision support tool 

• Installation and 

maintenance 

recommendations

Primary Deliverables:

• Visual performance 

analysis of RPMs 

and alternatives 

• Installation and 

maintenance 

recommendations
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Overview of tasks 

Task 1

Literature Review and 

Practice Scan

Task 2

Surveys and Interviews 

Task 3

Cost-Effectiveness Framework 

and Data Collection

Task 4

Cost-Effectiveness of 

RPMs

Task 5

Cost-Effectiveness of 

RPM Alternatives

Task 6

Installation, Monitoring, 

and Maintenance 

Recommendations

Task 7

Research Implementation

Task 8

Task Reports, Quarterly Reports, Draft & Final Reports and Agency Briefing 5



Development of a web-based survey tool regarding 

the installation and maintenance of RPMs 
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http://www.surveygizmo.com/s3/2508397/Raised-Pavement-Markers-Safety-Evaluation-Long

http://www.surveygizmo.com/s3/2508397/Raised-Pavement-Markers-Safety-Evaluation-Long


Geographical distribution of surveyed states 
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Example survey results 
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State Alternative Safety Devices

Ohio
Delineators; Barrier Reflectors; 3M - Linear Delineation 

System. 

Georgia
Reflective materials on guard rails, wet reflective striping 

materials.

Michigan Some wet reflective pavement markings.

California
Other pavement marking materials such as tape, thermo

etc.

New Mexico
Rumble strip being striped and adding double drop 

elements.

Arizona Delineators.

Washington
Striping, RPMS, signing, markings, guideposts, LDS 

panels, and lighting. 

Texas Buttons, reflective striping.

Oregon

Previously used non-reflective markers; now utilize 

pavement markers that augment durable markings and 

perform well in wet weather conditions.

Massachusetts
We are exploring the use of wet reflective tape instead of 

recessed pavement markers.

Arkansas Rumble strips 



Overview of testing of RPMs and alternatives 
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Retroreflectivity calculation

• Luminance meter aperture

(1o) is larger than marker

• Marker luminance (Lm) defined

by: Lm = La(0.7854/Ap) where

Ap is the projected marker area

in degrees2 and La is aperture luminance

• Coefficient of retroreflection (Rc, cd/lux/m²):

Rc = Lm/E, where E is incident illuminance (lux)
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Visual performance analysis
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• Relative visual performance 

(RVP) model (Rea and 

Ouellette 1991)

• Speed and accuracy as a 

function of:

– Light level (luminance)

– Contrast

– Size

– Age (60 years assumed)

• Low-beam headlights

(Rea and Ouellette 1991)

Rea, M. S., & Ouellette, M. J. (1991). Relative visual performance: A 

basis for application. Lighting Research & Technology, 23(3), 135-144.



Measurement samples - RPMs
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Two manufacturers

Steel-casting mounted white and yellow markers

Plastic, white, yellow, red and blue markers



Measurement samples – RPM alternatives
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White / yellow 

wet reflective 

pavement 

marking tape

White / yellow / red / 

orange linear 

delineation 

panels



Example results of RPM measurements
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In general, all RPMs measured resulted in high levels of visual 

performance because marker luminance is substantially higher 

than that of the pavement.



Example results of traffic tape 
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Issues with RPMs 

• Safety

– RPMs can become loose or damaged from the

pavement after longtime exposure to traffic and

snowplows, which actually become a danger to

drivers.

• Replacement Cost

– Fixed replacement cycle (e.g. Pennsylvania and Ohio

DOTs)

– Traffic and roadway dependent (e.g. Indiana DOT)
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Guidance Statement Application

Rumble Strips should be provided on:

 All new rural freeways

 All new rural two-lane highways with

travel speed ≥ 50 mph

State 3R and 4R policies should

consider installing continuous

shoulder rumble strips on:

 All rural freeways

 All rural two-lane highways with travel

speed ≥ 50 mph

 All rural two-lane highways with a

history of roadway departure crashes,

where the remaining shoulder width

beyond the rumble strip ≥ 4 feet,

paved or unpaved.

FHWA Guidance to Shoulder Rumble 

Strips Implement (FHWA, 2008)
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Guidance Statement Application

Rumble Strips should be provided

on:

 All new rural freeways

 All new rural two-lane highways with

travel speed ≥ 50 mph

State 3R and 4R policies should

consider installing centerline rumble

strips on:

 rural 2-lane road projects where the

lane plus shoulder width beyond the

rumble strip ≥ 13 feet

 roadways with higher traffic

volumes, poor geometrics, or a

history of head-on and opposite-

direction sideswipe crashes

FHWA Guidance to Centerline Rumble 

Strips Implementation (FHWA, 2008) 



Rumble strips issues 

• Noise issues

• Pavement deterioration

– they should not be placed on pavements with

inadequate structure, nor should they be placed too

close to the pavement edge (WSDOT Design Manual,

2016)
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Estimated Cost

($ per linear foot)

Estimated Life

(Months)

$1.50 - $2.65 48 - 96

Advantages

 High retroreflectivity

 Longer service life 

 Useful in high traffic areas

 No beads needed

 Reduces worker exposure to road hazards

Disadvantages

 Subject to damage from snowplows

 High initial expense

 Best when used on newly surfaced roads –

probably not worth the expense for older road in 

poor condition

Attributes of preformed tapes

(Montebello & Schroeder, 2000)

Montebello, D. and Schroeder, J. (2000). Cost of pavement marking materials. Minneapolis: Minnesota Local Road Research Board.



State wide use of traffic tapes 

• New York State DOT

– preformed, wet-reflective tapes are widely used at areas with

severe curvilinear alignments, areas prone to flooding, light-

deficient, and high-accident locations

– Wet-reflective tapes are used as an alternative to SRPMs to

supplement long-line pavement markings due to the better

reflectivity during nighttime, wet weather road conditions.

• Oregon Department of Transportation

– long life span, wet weather retroreflectivity

• Minnesota Department of Tran

• considers using tape and other durable pavement markings due to

large volumes of traffic and snowplows during winter months,

especially in urban areas
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Installation cost of rumble strips 

and traffic tape 
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Product Installation 

Cost per Linear 

Foot ($/lf)

Service Life 

(years)

Cost per 

Service Life 

($/mile/year)

Rumble Strips 0.5 3 880

Traffic Tape 2.75 6 2,420

Carlson, P., Miles, J., Pike, A. and Park, E. Evaluation of Wet-Weather and Contrast Pavement Marking 

Materials and Applications. College Station: Texas Department of Transportation, 2007. 



A cost comparison decision support tool
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Computer-Aided Capital Planning Tool 



Summary of research 

• This research studies the safety, cost and maintenance issues 

related to the use of RPMs and their alternatives 

• Lab testing has been conducted to measure the retroreflectivity 

of RPMs and alternative safety products (e.g., traffic tape) 

• A life cycle cost (LCC) based decision support tool is being 

developed to evaluate and compare alternative safety devices 

given different traffic and roadway characteristics

• The methodology and tool developed in this study can ultimately 

assist NJDOT in selecting appropriate safety treatment 
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Ongoing work 

• Finalize the decision support tool for evaluation and 

comparison of RPMs and alternatives based on 

comments received in the last user meeting 

• Finalize all lab testing and analysis 

• Complete a final research report 
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