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Performance-based Model Specification for Longitudinal Prefabricated Plastic Pavement Markings:

1. Description. Longitudinal Prefabricated Plastic Pavement Markings (PPPM) shall be furnished and placed as shown on the project plans. Manufacturer shall provide a warranty bond for a four-year period. The agency may allow a contractor-provided warranty bond in lieu of the manufacturer’s bond if all conditions of the manufacturer’s warranty including the requirements of this Item are met. In such cases, the contractor is responsible for meeting the warranty requirements. A bond form provided by the agency shall be used. The agency may allow substitution of a contractor’s bond with a manufacturer’s bond after execution of the contract prior to final acceptance. 
2. Materials. PPPM to be used shall meet the requirements of this specification and shall be approved for use by the agency.

3. Preparation and Application. Equipment used for the pavement preparation and application shall be designed for the type of PPPM material selected and approved by the manufacturer.  
4. Testing Equipment. Manufacturer or installing contractor may provide the following equipment if required by the project specification or at the discretion of the manufacturer or installing contractor.  

A. Colorimeter. Colorimeter shall use 45°/0° geometry CIE, D65 Illuminant, 2° standard observation angle meeting the requirements of ASTM E 1347, E 1348, or E 1349.
B. Retroreflectometer. A portable or mobile retroreflectometer shall meet the following requirements.
1) Portable Retroreflectometer.  A portable retroreflectometer shall meet the requirements of ASTM E 1710.

2) Mobile Retroreflectometer. A mobile retroreflectometer shall meet the following requirements:

· is approved certified by the Agency for project evaluation of retroreflectivity.
· is calibrated daily, before measuring retroreflectivity on any pavement stripe, with a portable retroreflectometer meeting the following requirements: ASTM E 1710, entrance angle of 88.76°, observation angle of 1.05°, and an accuracy of ±15%;

· requires no traffic control when retroreflectivity measurements are taken and is capable of taking continuous readings at or near posted speeds

The Agency Engineer may require an occasional field comparison check with a portable retroreflectometer meeting the requirements listed above to insure accuracy.
5. Installation.
A. General.  All markings shall be applied in accordance with the manufacturer’s installation instructions and per agency plans and requirements. 
B. Initial Performance Requirements. Visual performance evaluations of PPPM shall be conducted by the agency to meet Article 6, Initial Performance Requirements.  For markings that do not meet the agency’s visual performance evaluation, the contractor or manufacturer may present test results for color (using a colorimeter) and retroreflectivity (using a retroreflectometer in accordance with this Item), for the agency’s use in making acceptance or rejection decisions. 

For PPPM not meeting performance requirements, repair or replace until reevaluation shows the PPPM meet the performance requirements as approved by the agency.

C. Written Acceptance. The agency will provide written acceptance after the initial performance requirements are met. This written acceptance will include the date, location, length, and type of PPPM.

6. Initial Performance Requirements.

A. Color. PPPM shall conform to highway colors as shown in Table 1 and Table 2.

All markings shall be clean of dirt and debris when testing for color.  
Table 1 - Daytime Color Requirements

	Color
	Daytime Chromaticity Coordinates (Corner Points)

	
	1
	2
	3
	4

	
	x
	y
	X
	y
	X
	y
	x
	y

	White

Yellow
	.355
	.355
	.305
	.305
	.285
	.325
	.335
	.375

	
	.560
	.440
	.490
	.510
	.420
	.440
	.460
	.400



Note: Daytime, Geometry – 45/0 (0/45), CIE illuminant D65 and the CIE 1931 (2°) standard observer.

Table 2 – Nighttime Color Requirements

	Color
	Nighttime Chromaticity Coordinates (Corner Points)

	
	1
	2
	3
	4

	
	x
	y
	X
	y
	X
	y
	x
	y

	White

Yellow
	.480
	.410
	.430
	.380
	.405
	.405
	.455
	.435

	
	.575
	.425
	.508
	.415
	.473
	.453
	.510
	.490



Note: Nighttime, Geometry – observation angle of 1.05° and entrance angle of 88.76°,   CIE illuminant A and the CIE 1931 (2°) standard observer. 

B. Retroreflectivity – Dry Conditions.  PPPM for longitudinal markings shall meet the minimum dry retroreflectivity values listed in Table 3.  The white and yellow markings shall have the following minimum initial retroreflectance values as measured with a portable retroreflectometer meeting the requirements ASTM E 1710.  The photometric quantity to be measured shall be coefficient of retroreflected luminance (RL) and shall be expressed as millicandelas per square foot per foot-candle [(mcd ft-2) fc-1]. The metric equivalent shall be expressed as millicandelas per square meter per lux [(mcd m-2) lx-1].  
Table 3
Minimum Initial Reflectance, Dry






White
      Yellow


Entrance Angle
    

88.76° 
       
88.76°


Observation Angle
      
1.05°            
 1.05°



Retroreflected Luminance         
500
        
300


   RL (mcd ft-²) fc-1)


Note:  The test instrument shall use an Entrance Angle of 88.76° and Observation Angle of 1.05° which represent a simulated driver viewing geometry at a 30 meter distance.

C. Retroreflectivity – Wet Conditions (if applicable).  PPPM for longitudinal markings designed to perform in wet conditions shall meet the minimum wet retroreflectivity values listed in Table 4.  The white and yellow markings shall have the following minimum initial wet retroreflectance values as measured with a portable retro-reflectometer meeting the requirements ASTM E 1710.  The photometric quantity to be measured shall be coefficient of retroreflected luminance (RL) and shall be expressed as millicandelas per square foot per foot-candle [(mcd ft-2) fc-1].  The metric equivalent shall be expressed as millicandelas per square meter per lux [(mcd m-2) lx-1].  
Retroreflectance values shall be measured under wet conditions in accordance with ASTM E2176 or ASTM E2177 using a portable reflectometer.  Wet retroreflectance values measured under a “condition of continuous wetting” (simulated rain) shall be in accordance with the testing procedure of ASTM E2176.  To reduce variability between measurements, test method is to be performed in a controlled laboratory environment while the marking is positioned with a three (3) to five (5) degree lateral slope.  A wetting agent shall be used to improve wetting of the pavement marking by the water.  It is recommended that a 0.1% by volume liquid soap solution be used.  Measurements shall be reported as an average for each roll tested, in a minimum of three locations. Wet reflective values measured under a “condition of wetness” shall be in accordance with the testing procedure of ASTM E2177. The photometric quality to be measured is coefficient of retroreflected luminance (RL). The test may be performed with the marking installed on the road.  New markings shall be tested using a wetting agent, as previously described. Laboratory measurements are performed using a three (3) to five (5) degree lateral slope. Measurements shall be reported as an average for each roll tested, in a minimum of three locations.

Table 4
Minimum Initial Reflectance, Wet






White
      Yellow


Entrance Angle
    

88.76° 
     88.76°


Observation Angle
      
1.05°         1.05°



Retroreflected Luminance         
250
     200


   RL (mcd ft-²) fc-1)

Note:  The test instrument shall use an Entrance Angle of 88.76° and Observation Angle of 1.05° which represent a simulated driver viewing geometry at a 30 meter distance.

7. Performance Evaluation Procedures. Evaluations of color, retroreflectivity, and durability shall be conducted, with appropriate traffic control, as required or directed.

A. Color. Color shall be measured using 45°/0° geometry CIE, D65 Illuminant, 2° standard observation angle in accordance with ASTM E 1347, E 1348, or E 1349.

B. Retroreflectivity.  A visual night inspection shall be made to identify areas of installation which appear to be below the specified minimum retained reflectance values.  Unless otherwise shown on the plans, retroreflectivity evaluations of pavement markings shall be conducted with either a portable or mobile retroreflectometer. All measurements shall be made in the direction of traffic flow, except for broken centerline on two-way roadways, where measurements shall be made in both directions.  

1) Zones (zones of measurement) shall be defined as lengths or sections of pavement markings that appear to be below minimum specification.  To qualify for materials replacement, a zone must be at least 500 feet in road length and shall consist of either edge lines, center lines or lane lines, but not in combination. After following the measurement and analysis procedure, the entire zone will be accepted or rejected in its entirety.

2) Checkpoint areas (CPAs) are defined to be approximately 75 feet (approximately 25 meters) long sections of pavement markings within a Zone where the brightness measurements will be made.  Within each CPA, the following measurements shall be taken:  

a) For continuous line (edge lines and centerlines) pavement markings: Five (5) measurements shall be taken per CPA.
· Take five to six steps between readings (approximately five meters between readings) 
· For centerlines, with traffic flow in opposite directions on either side of the centerline(s), five readings shall be taken in each direction.


· For lane line (skip lines, broken lines) pavement markings: Five (5) or six (6) measurements shall be taken on three consecutive skip lines in each CPA.

· For example, one measurement near the start and one near the end of three consecutive skips shall be taken.

· Readings shall be taken in the traffic direction of traffic flow for that lane.

· For centerlines, with traffic flow in opposite directions on either side of the centerline(s), five or six readings shall be taken in both directions of traffic flow.

3) The number of CPAs per zone shall be defined depending on the length of the zone:

a) Zones one (1) mile long or less:






· Two CPAs shall be selected. 
· One CPA shall be near the start of the zone and one shall be near the end of the zone.

· Each CPA shall be about 25 to 30 yards long, and be representative of the appearance of the zone.

· Criteria to meet warranty requirements shall be minimum average brightness (retained retroreflectance)
· Failure to meet criteria shall result in rejecting the entire zone.

b)  Zones one (1) to six (6) miles long:

· Three CPAs shall be selected. 
· One CPA shall be near the start of the zone, one shall be near the middle of the zone, and one shall be near the end of the zone.

· Each CPA shall be about 25 to 30 yards long, and be representative of the appearance of the zone.

· Criteria to meet warranty requirements shall be minimum average brightness (retained retroreflectance)

· Failure to meet criteria shall result in rejecting the entire zone.

c) Zones longer than six (6) miles:

· A CPA shall be selected about every three miles.
· One CPA shall be near the start of the zone, every three miles within the zone, and one shall be near the end of the zone.

· Each CPA should be about 25 to 30 yards long, and be representative of the appearance of the zone

· Criteria to meet warranty requirements shall be minimum average brightness (retained retroreflectance)

· Failure to meet criteria shall result in rejecting the entire zone.

C. Durability (Road Presence). Durability shall be measured in accordance with ASTM D 913 for marking material loss and visual inspection for alignment and location. Evaluations shall be conducted at locations approved by the Engineer.

8. Retained Performance Requirements

A. Color. PPPM shall conform to highway colors as shown in Table 5 and Table 6. Years 1 through 4 shall meet daytime and nighttime color chromaticity requirements.  
All markings shall be clean of dirt and debris when testing for color.  
Table 5 - Daytime Color Requirements

	Color
	Daytime Chromaticity Coordinates (Corner Points)

	
	1
	2
	3
	4

	
	x
	y
	X
	y
	X
	y
	x
	y

	White

Yellow
	.355
	.355
	.305
	.305
	.285
	.325
	.335
	.375

	
	.560
	.440
	.490
	.510
	.420
	.440
	.460
	.400


Note: Daytime, Geometry – 45/0 (0/45), CIE illuminant D65 and the CIE 1931 (2°) standard observer.

Table 6 – Nighttime Color Requirements

	Color
	Nighttime Chromaticity Coordinates (Corner Points)

	
	1
	2
	3
	4

	
	x
	y
	X
	y
	X
	y
	x
	y

	White

Yellow
	.480
	.410
	.430
	.380
	.405
	.405
	.455
	.435

	
	.575
	.425
	.508
	.415
	.473
	.453
	.510
	.490


Note: Nighttime, Geometry – observation angle of 1.05° and entrance angle of 88.76°,   CIE illuminant A and the CIE 1931 (2°) standard observer.

B. Retroreflectivity – Dry Conditions. PPPM for longitudinal markings shall meet the minimum dry retroreflectivity values listed in Table 7.  The white and yellow markings shall have the following minimum initial retroreflectance values as measured with a portable retroreflectometer meeting the requirements ASTM E 1710.  The photometric quantity to be measured shall be coefficient of retroreflected luminance (RL) and shall be expressed as millicandelas per square foot per foot-candle [(mcd ft-2) fc-1]. The metric equivalent shall be expressed as millicandelas per square meter per lux [(mcd m-2) lx-1].  
Table 7
Minimum Retained Reflectance - Dry






White
           Yellow


Entrance Angle
    

88.76° 
       
88.76°


Observation Angle
      
1.05°            
 1.05°



Retroreflected Luminance         
100
        
100

   RL (mcd ft-²) fc-1)


Note:  The test instrument shall use an entrance angle of 88.76° and Observation Angle of 1.05° which represent a simulated driver viewing geometry at a 30 meter distance.

C. Durability. PPPM shall not lose more than 5% of the striping material in a 1,000-foot section of continuous stripe or broken stripe (25 broken stripes). Pavement markings must remain in the proper alignment and location.  Any markings affected by snow plow damage will not be covered under this requirement.  
9.    Warranty Requirements.

Each warranty period shall be for four (4) years and shall start the day after written acceptance.

The marking warrantor shall be responsible for meeting Section 8, “Retained Performance Requirements” for the duration of the warranty period.

During the warranty period, the agency shall conduct periodic visual performance evaluations of PPPM.  The warrantor may be present during these evaluations. For areas which, in the opinion of the agency, have a questionable visual evaluation, the warrantor may conduct a performance evaluation for the performance requirement in question, according to Section 7, “Performance Evaluation Procedures.”  Retroreflectivity evaluations shall be conducted according to Section 7.B, “Retroreflectivity,” using either a portable or mobile retroreflectometer unless otherwise shown on the plans. The warrantor shall be responsible for traffic control when conducting performance evaluations.

The warrantor shall replace PPPM that fails to meet the color, retroreflectivity, or durability performance requirements during the warranty period. PPPM that fails to meet the performance requirements shall be replaced within 120 days of written notification or as jointly determined between warrantor and agency.

All replacement PPPM must meet the materials and performance requirements of this specification, under the following conditions to complete the warranty period:

If the longitudinal PPPM fails to meet the performance requirements in Section 8 in Years 1 through 4, the manufacturer will use materials meeting requirements of Section 8, Retained Performance Requirements. 

If the longitudinal PPPM fails to meet the performance requirements in Years 1 through 4, then the manufacturer shall replace existing markings with qualified PPPM or other pavement marking at the discretion of the manufacturer that will meet the existing warranty.  The end of the warranty period does not relieve the warrantor from the performance deficiencies requiring corrective action identified during the warranty period.

The agency shall exclude PPPM from the replacement provisions of the warranty period, provided the Agency determines that the failure is a result of outside causes rather than defective material. Examples of outside causes are extreme wear at intersections, damage by snow or ice removal, and premature pavement failure.

A contact person’s name, address and telephone number shall be provided for notification of needed PPPM replacement.

10.  Measurement.  
This Item shall be measured by the lineal foot or by any other unit shown on the plans. Each stripe shall be measured separately.

This is a plans quantity measurement Item. The quantity to be paid shall be the quantity shown in the proposal unless modified by the agency.  Additional measurements or calculations shall be made if adjustments of quantities are required.

11.   Payment.   The work performed and materials furnished in accordance with this item and measured as provided under “Measurement” shall be paid for at the unit price bid for “Longitudinal Prefabricated Pavement Markings (PPPM) with Warranty” of the color, shape and width, specified as applicable, at the time of project acceptance. This price is full compensation for materials, application of longitudinal PPPM, testing, warranty work, labor, tools, and incidentals.

8

