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Reminder: The standard notes in this file contain various colors of text. The red colored text indicates text that may or may not need to be modified. The yellow highlighted text indicates informational text which needs to be deleted before plans are distributed for review. Columns in tables that are not used should be deleted. When notes are split between sheets, provide the title on the next sheet and add “(CONTINUED)” to the end of the title. If possible, do not split notes between pages. After plan notes are ready for review, change all text (except web links) to a black colored font.

SECTION M ESTIMATE OF QUANTITIES

DOT Plan Preparers will create the following estimate of quantities utilizing the Contract Estimating System (CES).

	BID ITEM
NUMBER
	ITEM
	QUANTITY
	UNIT

	633E0010
	Cold Applied Plastic Pavement Marking, 4”
(White xxxx’, Yellow xxxx’)
	
	Ft

	633E0020
	Cold Applied Plastic Pavement Marking, 8”
(White xxxx’, Yellow xxxx’)
	
	Ft

	633E0030
	Cold Applied Plastic Pavement Marking, 24”
(White xxxx’, Yellow xxxx’)
	
	Ft

	633E0035
	Cold Applied Plastic Pavement Marking, Area
(White)
	
	SqFt

	633E0040
	Cold Applied Plastic Pavement Marking, Arrow
(Left xx, Right xx)
	
	Each

	633E0050
	Cold Applied Plastic Pavement Marking, Message
	
	Word

	633E5000
	Groove Pavement for Pavement Marking, 4”
	
	Ft

	633E5005
	Groove Pavement for Pavement Marking, 8”
	
	Ft

	633E5015
	Groove Pavement for Pavement Marking, 24”
	
	Ft

	633E5020
	Groove Pavement for Pavement Marking, Area
	
	SqFt

	633E5025
	Groove Pavement for Pavement Marking, Arrow
	
	Each

	633E5035
	Groove Pavement for Pavement Marking, Message
	
	Word




PAVEMENT MARKING PAINT

The Contractor will advise the Engineer a minimum of 3 weeks prior to the application of the permanent pavement marking to allow the Department to check and mark the location of no passing zones. Delete this paragraph if using the one below for projects in the Rapid City Region conducted through the Sturgis Rally timeframe.

[bookmark: OLE_LINK1]The following paragraph should be used in the Rapid City Region for projects that will be conducted through the Sturgis Rally timeframe.

All No Passing Zones will be reviewed prior to the application of any new centerline markings. The Contractor will advise the Engineer a minimum of 3 weeks prior to the application of permanent pavement markings to allow the Department to mark the locations of No Pass Zones. Department personnel will not be available to mark the No Pass Zones from 07-20-18 to 08-14-18. Verify the correct dates for the applicable year with the Rapid City Region Traffic Engineer.

Regarding the following paragraph, in the case of a fog or flush seal being placed, the fog or flush seal would constitute the final surfacing. If a fog or flush seal is not applied, then the final surfacing placed would be the start of the 14 calendar day count.

The application of permanent pavement marking will begin no sooner than 7 calendar days following completion of the fog or flush seal. Application of permanent pavement marking will be completed within 14 calendar days following completion of the final surfacing.

The following paragraph should be used when 8” or 12” pavement markings are being installed.

Marking 8-inch edge lines and gore areas will require the use of 2 spray nozzles to achieve the required width. Marking 12-inch gore lines will require the use of 3 spray nozzles to achieve the required width.

COLD APPLIED PLASTIC PAVEMENT MARKING

All materials will be applied as per the manufacturer’s recommendations.

Cold Applied Plastic Pavement Markings will be 3M Series 380 AW or IES or an approved equal.


HIGH BUILD WATERBORNE PAVEMENT MARKING PAINT

Composite reflective elements will not be installed in markings placed on an asphalt surface treatment. Retroreflectivity testing will not be performed on markings installed on an asphalt surface treatment. For asphalt surface treatment projects, the notes should contain only the first two paragraphs.

Composite reflective elements will not be installed on surface applied waterborne pavement marking paint with high grade polymer.

All materials will be applied as per manufacturer’s recommendations. High build waterborne pavement marking paint will conform to Section 980.1 B.

Reflective media will consist of glass beads. Reflective media will require a Certificate of Compliance for Certification for each source and lot. Acceptance sampling will not be required.

[bookmark: _Hlk517695302]	OR, use all of the following paragraphs:

Reflective media consisting of glass beads as well as wet-reflective optics will be adhered to the paint.

The wet-reflective optics will contain either clear, white, amber, or yellow tinted beads composed of glass or a composite consisting of a core made from ceramic or glass with an outer layer of microcrystalline ceramic or glass beads. The wet-reflective optics will provide a 50/50 blend of dry to wet ratio of optics. All beads bonded to wet-reflective optics will have a minimum index of refraction of 1.8 for dry retroreflectivity and 2.4 for wet retroreflectivity when tested using the liquid oil immersion method.

Reflective media will require a Certificate of Compliance for Certification for each type, source, and lot. Acceptance sampling will not be required.

The Department will take retroreflectivity readings on the pavement marking lines no sooner than 14 days and no later than 42 days after the completion of all line applications required for an individual highway route using a portable retroreflectometer conforming to 30-meter geometry. Retroreflectivity readings will be taken on a test location with cleaning being limited to light hand brooming.

Pavement markings not conforming to the retroreflectivity requirements will be removed and replaced. If replacement of markings cannot be applied within the same year, the Contractor will schedule subject work to be completed no later than June 15th in the following year. Upon replacement, the retroreflectivity testing process will be done again requiring new readings.

The Department will randomly select one test location per mile of each edge line including ramps and one test location per mile of centerline (solid and/or skip line will be considered as one centerline). Three retroreflectivity readings will be taken at each test location. The three readings will be averaged and become the reading for that test location.

Initial readings:

	Pavement Marking Color
	Minimum Value

	White
	350 mc/m2/lux

	Yellow
	275 mc/m2/lux



All pavement markings not conforming to the requirements provided in these plans will be considered deficient and will be removed and replaced. Additional retroreflectivity readings will be taken by the Department to determine the limits of removal. The removal will be accomplished using suitable sand blasting or grinding equipment unless the Engineer authorizes other means. The removal process will remove at least 90% of the deficient line, with no excessive scarring of the existing pavement. The removal width will be one inch wider all around the nominal width of the pavement marking to be removed. Removal and replacement of the pavement markings will be at the Contractor’s expense, with no cost incurred by the State.


RATES OF MATERIALS FOR HIGH BUILD WATERBORNE PAVEMENT MARKING PAINT

Composite reflective elements will not be installed in markings placed on an asphalt surface treatment or on surface applied waterborne pavement marking paint with high grade polymer. If either of these conditions will occur, then use only the second set of rates without the Composite Reflective Elements as shown below.

Solid 4” line = 27.8 Gals/Mile
Dashed 4” line = 7.6 Gal/Mile
Glass Beads = 5.3 Lbs/Gal.
Wet-Reflective Optics = 2.1 Lbs/Gal.

	OR

[bookmark: _Hlk517695283]Solid 4” line = 27.8 Gals/Mile (use when placed on chip seals) OR Solid 4” line = 22.5 Gals/Mile (use when placed on all other surfaces)
Dashed 4” line = 7.6 Gal/Mile (use when placed on chip seals) OR Dashed 4” line = 6.2 Gal/Mile (use when placed on all other surfaces)
Glass Beads = 8 Lbs/Gal.

All cost for materials, labor, and equipment necessary to furnish and install the pavement markings will be incidental to the contract unit price for the respective High Build Waterborne Pavement Marking Paint items.


RETROREFLECTIVITY FOR PAVEMENT MARKING PAINT

Use this note anytime Pavement Marking Paint is being installed. Also use this note anytime High Build Waterborne Pavement Marking Paint is being installed without requiring initial retroreflectivity readings (see plan note for HIGH BUILD WATERBORNE PAVEMENT MARKING PAINT).

The Department may take retroreflectivity readings on the pavement marking lines after 14 days and within 42 days of the line application using either a portable or mobile retroreflectometer that conforms to 30-meter geometry. If the Department chooses to take retroreflectivity readings, three retroreflectivity readings will be taken on each line at each test location. The three readings will be averaged and become the reading for that test location.

If the Department chooses to take retroreflectivity readings, three readings will be taken on the edge lines and lane lines in the direction of application. For combination solid yellow and skip yellow lines for turn lanes and for centerline markings on two-way roadways, three readings will be taken in one direction, the reflectometer will be turned 180 degrees and three more readings will be taken. The six readings for the centerline markings will be averaged and become the test reading for that test location.

If the Department chooses to take readings, the minimum retroreflectivity values will be 275 mc/m2/lux for white and 170 mc/m2/lux for yellow.


DATA LOGGING SYSTEM

This note should be used for projects where a record of the liquid pavement marking installation is required.

The Contractor will provide striper computerized data logging system files as described below. The pavement marking device will have an onboard monitoring system for the purpose of managing the amount of pavement marking materials being applied to the pavement surface.

The following will be included in the documentation from the data logging system:

· State project number and PCN
· Highway number
· Beginning and end MRMs of the section marked rounded to the nearest hundredth of a mile, including direction of travel
· Beginning and ending coordinates determined by a Global Positioning System receiver with 3-meter accuracy, including direction of travel
· Date and beginning and ending time of application
· Product applied
· Lot number(s) of product (binder and reflective material) applied
· Striping Contractor (striper code)
· Designation of the marking being applied (LEL – Left Edgeline, REL – Right Edgeline, CL – Centerline, LL – Lane Line Broken or Dotted, 1LL – leftmost LL in multilane, 2LL – second to leftmost LL in multilane, etc.)
· Width of marking being applied
· Presence of recess or rumble strip
· Presence of contrast
· Average material application rate and film thickness calculated for the section striped

The following data will be included in the documentation from the data logging system reported as an average for each drive mile (or other segment approved by the Engineer) installed:

· Application vehicle speed rounded to the nearest tenth of a mile per hour
· Weight (Lbs) and/or volume (Gal) as measured through a positive displacement pump (mechanism or flow meter) of liquid material used by color
· Weight (Lbs) of reflective material used
· Ratio of reflective material used (weight) per liquid material used (volume) reported as Lbs/Gal
· Ambient air temperature (in degrees Fahrenheit)
· Road surface temperature (in degrees Fahrenheit)
· Humidity (percent)
· Dew point (in degrees Fahrenheit)

Provide the measurement report in the form of an electronic database file, or delimited text file, containing raw data collected. Provide the Engineer with a printed summary and submit the electronic data to the Region Traffic Engineer at the e-mail below and copy the Engineer.

InsertRegionTrafficEngineerNameHere@state.sd.us

The data logging system equipment will be operational, calibrated, and in use during pavement marking operations. Pavement marking installation without the use of a data logging system may not be accepted.

Upon request, provide to the Engineer the data logging system manufacturer’s recommendations for equipment calibration frequency and provide certification that the equipment meets manufacturer’s recommended calibration.

Verify that the physical and electronic measurement of distance travelled is consistent by travelling a 100-foot distance prior to the start of pavement marking operations.

All cost for materials, labor, and equipment necessary to provide the pavement marking data as described will be incidental to the contract unit price for the respective pavement marking items.


MARKINGS WITHIN SINUSOIDAL CENTERLINE RUMBLE STRIPES

Sinusoidal rumble stripes exist on US18. 
 
The sinusoidal centerline rumble stripes are recessed below the pavement surface, so pavement marking grooving will not be required at these locations. 

Sinusoidal rumble stripes will receive an asphalt surface treatment to seal the centerline joint and minimize the depth of water held on centerline.

Retroreflectivity readings will not be taken for pavement markings within the sinusoidal rumble stripe. Restriping of pavement markings to meet the specified application rate requirements and to provide a quality retroreflective line will be at the expense of the Contractor with no additional cost to the Department. Sections to be restriped will be determined by the Engineer.


GROOVING FOR COLD APPLIED PLASTIC PAVEMENT MARKING

The Contractor will establish a positive means for the removal of the grinding and/or grooving residue. Residue from dry grooving will be vacuumed. Solid residue will be removed from the pavement surfaces before being blown by traffic action or wind. The Contractor will conduct this work to control and minimize airborne dust and similar debris that may become a hazard to motor vehicle operation or nuisance to property owners. Residue from wet grooving will not be permitted to flow across lanes being used by public traffic or into gutter or drainage facilities. Residue, whether in solid or slurry form, will be disposed of in a manner that will prevent it from reaching any waterway in a concentrated state. The cleaning of the residue for grooving will be to the satisfaction of the Engineer and may require more than one pass to adequately remove material. All costs for removal of grinding and/or grooving residue will be included in the contract unit price per foot, square foot, each, or word for “Grooving for Cold Applied Plastic Pavement Marking” contract items.

The following paragraph should be used when contrast markings are being installed on Portland Cement Concrete Pavement. The second sentence may be added if the Region Traffic Engineer prefers that lag contrast markings be used on broken or dotted lane lines instead of bordered contrast markings.

Where contrast markings are to be installed, add 3 inches to the specified width of the groove for the pavement marking width to account for the contrast marking width. If contrast borders for broken or dotted lane lines will instead be the same width as the lane line and immediately following the lane line, add the length of the broken or dotted line to the specified length of the groove.


GROOVING FOR HIGH BUILD WATERBORNE PAVEMENT MARKING PAINT

The Contractor will establish a positive means for the removal of the grinding and/or grooving residue. Residue from dry grooving will be vacuumed. Solid residue will be removed from the pavement surfaces before being blown by traffic action or wind. The Contractor will conduct this work to control and minimize airborne dust and similar debris that may become a hazard to motor vehicle operation or nuisance to property owners. Residue from wet grooving will not be permitted to flow across lanes being used by public traffic or into gutter or drainage facilities. Residue, whether in solid or slurry form, will be disposed of in a manner that will prevent it from reaching any waterway in a concentrated state. All costs for removal of grinding and/or grooving residue will be included in the contract unit price per foot, square foot, each, or word for “Grooving for Durable Pavement Marking” contract items.

Unless otherwise specified in the plans, the Contractor will groove the surface for High Build Waterborne Pavement Marking Paint as specified in these plans and as per the manufacturer’s instructions.

The grooving will be completed within the following tolerances:

	Description
	Specification
	Tolerance

	Depth of Groove
	Marking Thickness1 + 15 mils
	+ 5 mils

	Width of Groove
	5 to 6 inches
	

	Length of Skip Lines2
	10 foot 6 inches
	± 3 inch

	Tapers at ends of lines
	6 to 9 inches
	

	Between Double Lines
	4 inches
	± 1/2 inch


1	Marking thickness will include the thickness of marking material and reflective media.
2	Additional length may be required as specified in the plans.

The equipment will be capable of the following:

· Grooving the total width of the groove in one pass or uniform depths with multiple passes.
· Grooving without causing damage to the pavement joints or joint sealant material.
· Provide uniform alignment and depth.
· Moving continuously to permit a mobile traffic work operation.

If damage occurs, including, but not limited to, joints, joint sealant material, and backer rod, the grooving operation will be stopped and modifications will be made to the grooving operation to prevent further damage. The Contractor will be required to use specially prepared circular diamond blade cutting heads to prevent damage at the joints. Damage caused will be repaired or replaced by the Contractor, as directed by the Engineer. No additional payment will be made for the repair work or any reapplication of the pavement marking in the area of the repair.

Grooving on bridge decks will start and stop a sufficient distance from the expansion joints so no damage occurs in these areas. Markings on bridge decks will be surface applied.


SURFACE PREPARATION FOR PAVEMENT MARKING

This note should be used for projects where pavement markings are being installed in existing grooves; it should not be included in the plans for projects using the Special Provision for Durable Pavement Markings, as this note has been incorporated into the special provision.

The Contractor will prepare the pavement surface prior to applying the durable pavement marking in accordance with the following.

In areas where the existing groove meets the required depth and existing markings are still in place, the Contractor will clean the existing groove without adding additional depth beyond the required depth for the new pavement marking, including reflective media as noted below.


	Description
	Specification
	Tolerance

	Depth of Groove
	Marking Thickness1 + 15 mils
	+ 5 mils


1	Marking thickness will include the thickness of marking material and reflective media.

The cleaning will result in the existing pavement marking being adequately scuffed, abraded, and removed by light grinding or abrasive blasting or both to allow proper adhesion of the new durable pavement marking as per the manufacturer’s recommendations to comply with product warranties.

Existing grooves not meeting the required depth will be re-grooved to the required depth for the new pavement marking, including reflective media. Equipment for grooving will be capable of the following:

· Grooving the total width of the groove in one pass or uniform depths with multiple passes.
· Grooving without causing damage to the pavement joints or joint sealant material.
· Provide uniform alignment and depth.
· Moving continuously to permit a mobile traffic work operation.

All costs associated with cleaning of the existing groove, including re-grooving, if needed, will be included in the contract unit price per foot for “Surface Preparation for Pavement Marking”. Surface preparation will be measured as 4” equivalent.


REMOVE PAVEMENT MARKING, 4” OR EQUIVALENT

Markings that fall outside of the new groove will be obliterated using additional methods approved by the Engineer. Removal of the existing markings will be accomplished without causing damage to the pavement, pavement joints, or joint sealant. The Contractor will repair any damage to the pavement, pavement joints, or joint sealant for no additional payment and at no cost to the State. All costs for materials, labor, and equipment necessary to remove the existing markings will be incidental to the contract unit price per foot for “Remove Pavement Marking, 4” or Equivalent”.


PAVEMENT MARKING SYMBOL FOR ACCESSIBLE PARKING SPACES

The 2nd paragraph below and table should be included when paint (either waterborne or high grade polymer) is used for the International Symbol of Accessibility Parking Space Marking. The appropriate per each bid item should be used depending on whether paint or thermoplastic is used for this symbol.

The International Symbol of Accessibility Parking Space Marking with blue background and white border, meeting the minimum dimensions shown in Part 3 of the MUTCD will be placed in accessible parking spaces having the required regulatory signing. The blue background and white border symbol will be required for all accessible parking spaces for persons with disabilities.

Traffic paint will be furnished in white and blue. The blue paint will meet the color specification limits and luminance factors listed in the table below for Daytime Color Specification Limits and Luminance Factors for Pavement Marking Material with CIE 2o Standard Observer and 45/0 (0/45) Geometry and CIE Standard Illuminant D65 when tested in accordance with ASTM E1347 or ASTM E1349.

	Color
	X
	Y
	X
	Y
	X
	Y
	X
	Y
	Min. Luminance Factor (Y%)

	Blue
	0.105
	0.1
	0.22
	0.18
	0.2
	0.26
	0.06
	0.22
	5


X and Y values are Chromaticity Coordinates (corner points)

All costs for furnishing and installing the International Symbol of Accessibility Parking Space Marking will be incidental to the contract unit price per each for “High Build Pavement Marking Paint, Symbol” or “Preformed Thermoplastic Pavement Marking, Symbol”.


[bookmark: _Hlk45554540]PREFORMED THERMOPLASTIC PAVEMENT MARKING

When preformed thermoplastic pavement markings are going to be grooved-in on a project, the standard note for GROOVING FOR COLD APPLIED PLASTIC PAVEMENT MARKING should be included in the plans, with the heading and references within the note for cold applied plastic changed to preformed thermoplastic, with the exception of the bid item name, which will remain as “Grooving for Cold Applied Plastic Pavement Marking”. 

General
· Made of prefabricated retroreflective, resilient thermoplastic material;
· Contains glass beads uniformly distributed through the entire cross-sectional area;
· Capable of being affixed to bituminous or concrete pavement by heating;
· Resistant to deterioration due to exposure to sunlight, water, salt, and adverse weather conditions;
· Under traffic wear, shows no appreciable fading in accordance with the color requirements, lifting, or shrinkage throughout the life of the marking;
· Capable of conforming to pavement contours, breaks, and faults through the action of traffic at normal pavement temperatures;
· Possesses resealing characteristics, such that it is capable of fusing with itself and previous thermoplastic markings when heated; and 
· Protected during shipment and in storage.

Apply the preformed thermoplastic pavement marking as recommended by the manufacturer to provide a neat, durable marking that will not flow, distort, or crack due to temperature if the pavement surface remains stable. Use equipment and application methods specified by the manufacturer. Primer as required by the manufacturer will be provided with the material.

Application of the markings will include the use of any manufacturer recommended sealers. Sealers may be required on concrete pavements, inside grooves, or on older asphalt pavements. Prior to placing any markings on new concrete, the Contractor will remove any curing compounds. Removal will be by sandblasting or other standard industry methods.

Any required primers or sealers will be included in the contract unit price for the various preformed thermoplastic pavement marking items.

Provide precut messages and symbols meeting the requirements of the MUTCD and the Standard Signs Manual in custom kits. Use separate pieces or segments to form individual letters or symbols only to the extent supplied by the manufacturer. Provide shapes, sizes, and colors as required by the contract.

Color
· Will meet the color specification limits and luminance factors for Cold Applied Plastic Pavement Marking and Legends (Section 983.2 D of the Specifications, Tables 1 and 2).

Glass Beads
· Ensure the preformed thermoplastic pavement marking contains a minimum 30% intermixed glass beads by weight and a minimum 80% true spheres.
· Ensure preformed thermoplastic pavement markings contain only clear beads.

Skid Resistance
· Ensure the surface of the preformed thermoplastic pavement marking provides a skid resistance value of at least 45 British Pendulum Number (BPN) or 55 BPN for enhanced skid resistance when tested in accordance with ASTM E303.

Retroreflectivity
· Provide preformed thermoplastic pavement marking meeting the minimum initial pavement marking retroreflectivity values using 30-m geometry and meeting the testing procedures of ASTM E1710:

Minimum Initial Pavement Marking Retroreflectivity
	
	White
	Yellow

	Thermoplastic
	400 mcd/sq. ft./ft.
	250 mcd/sq. ft./ft.

	Thermoplastic,
enhanced skid
resistance (ESR)
	
250 mcd/sq. ft./ft.
	
150 mcd/sq. ft./ft.



Thickness
· A longitudinal marking is a minimum 90 mils thick at the edges, and a maximum 125 mils thick at the center of the stripe.
· Transverse markings and symbols are a minimum 125 mils thick at the edges, and a maximum 160 mils thick at the center.

Sample
· Prior to application, the Contractor will provide a sample of the preformed thermoplastic pavement marking to be used on the project to the Region Traffic Engineer for inspection and approval.  
· Do not begin application of the preformed thermoplastic pavement marking prior to obtaining the Region Traffic Engineer’s approval of the preformed thermoplastic pavement marking material. The Region Traffic Engineer’s approval of the preformed thermoplastic pavement marking does not void other preformed thermoplastic pavement marking requirements specified.


HOT APPLIED THERMOPLASTIC PAVEMENT MARKING

Hot applied thermoplastic pavement markings must only be specified when they will be able to be installed from June through August as they will fail if installed when the air and surface temperature specifications are not met or if the material temperature in the kettle is not maintained.

When hot applied thermoplastic pavement markings are going to be grooved-in on a project, the standard note for GROOVING FOR COLD APPLIED PLASTIC PAVEMENT MARKING should be included in the plans, with the heading and references within the note for cold applied plastic changed to hot applied thermoplastic, with the exception of the bid item name, which will remain as “Grooving for Cold Applied Plastic Pavement Marking”. 

The hot applied thermoplastic will be applied using equipment featuring a kettle capable of heating the thermoplastic material evenly while maintaining temperatures above 400⁰F with an exterior, visible temperature gauge showing the temperature of the thermoplastic material. The kettle must also be equipped with material agitators capable of thoroughly mixing the material at a rate which will ensure even disbursement and uniform temperatures throughout the thermoplastic material.

The equipment will also feature a dispensing device capable of dispensing the thermoplastic material as a uniformly thick, well-defined, and securely bonded line of the specified dimensions. The dispensing device will be immediately followed on the equipment by the retroreflective media dispenser(s) capable of embedding and anchoring the retroreflective media to a depth of 50-60%. Retroreflective media will not be applied by hand.

Before application, all pavement surfaces must be clean, dry, and free of dust and existing pavement markings except for other thermoplastic markings. Testing may be needed to determine if the pavement surface is more than visibly dry.

The air temperature and pavement surface temperature will be at least 50⁰F and rising at the time of application.

Primer is to be applied prior to the application of the thermoplastic material per the manufacturer’s recommendation for the pavement type.

The thermoplastic material will be applied onto the pavement surface at a material temperature range between 385⁰F and 440⁰F, or more restrictive based on the manufacturer’s recommendations. Thermoplastic material will be applied at least thirty minutes, but not longer than six hours after reaching this temperature range in the kettle. If the material temperature exceeds this temperature range, it will be considered scorched and is not to be used. If the material temperature falls below this temperature range, it is not to be used until it has been back within this temperature range for at least thirty minutes.

In the following sentence, select “hydrocarbon” when the hot applied thermoplastic pavement marking is being installed in a rural or high-speed section and select “alkyd” when it is being installed in an urban, low-speed section.

The binder used in the thermoplastic material will be hydrocarbon or alkyd.

Color
· Will meet the color specification limits and luminance factors for Cold Applied Plastic Pavement Marking and Legends (Section 983.2 D of the Specifications, Tables 1 and 2).

Glass Beads
· Will contain a minimum 30% intermixed glass beads by weight and a minimum 80% true spheres.
· Will contain only clear beads.

Skid Resistance
· The surface of the preformed thermoplastic pavement marking will provide a skid resistance value of at least 45 British Pendulum Number (BPN) when tested in accordance with ASTM E303.

Retroreflectivity

· Will meet the minimum initial pavement marking retroreflectivity values of 400 mcd/m2/lux for white and 250 mcd/m2/lux for yellow using 30-m geometry and meeting the testing procedures of ASTM E1710.

Thickness
· Marking thickness will be from 90 – 125 mils.


MOBILE RETROREFLECTIVITY MEASUREMENTS

Include this note when the Special Provision for Durable Pavement Markings is included on the project. 

Retroreflectivity measurements will be taken by an Independent Consultant hired by the Contractor. Measurements will be taken in accordance with the ASTM testing methods E1710 and E2177.

A retro‑reflectivity report of the measurements from the Independent Consultant will be provided to the Engineer.

The Independent Consultant will take measurements using a vehicle‑mounted mobile retroreflectometer. The mobile retroreflectometer will utilize 30‑meter CEN geometry in accordance with ASTM E1710 (Standard Test Method for Measurement of Retroreflective Pavement Marking Materials with CEN Prescribed Geometry Retroreflectometers).

The retroreflectometer will be calibrated no less than twice a day in accordance with the operating manual and calibration guide for the particular machine and vehicle.

Measurements will consist of the average retroreflectivity readings and standard deviations for pavement markings placed under this Contract. Retroreflectivity measurements will be taken on each mainline edgeline, centerline, and gore marking. Each line type will be measured separately. Measurement units will be mcd/ m2/lux units.

Retroreflectivity will be measured by taking a minimum of 40 retroreflectivity readings within 528 feet (1/10 mile) on solid lines and a minimum of 20 retroreflectivity readings within 528 feet (1/10 mile) on skip lines. Gore markings will have a minimum of two retroreflectivity readings taken on each marking. The average retroreflectivity readings for each individual 4‑inch‑wide line will be obtained at 528‑foot (1/10 mile) intervals.

Payment will be made for the actual length of retroreflectivity measured. This is based on one laser instrument on one vehicle that reads one line with each pass. Three passes are required for each mile of two‑lane divided in one direction: LEL – Left Edgeline, REL – Right Edgeline and all gore markings along the right edgeline, CL – Centerline, RREL – Right Ramp Edgeline, LREL – Left Ramp Edgeline, gore markings only.

Measurements will be obtained no sooner than 14 days and no later than 42 days after the completion of all the line applications required for an individual highway route. Excess reflective media must not be visible when the retroreflectivity testing is conducted.

Retroreflectivity measurements will be collected when pavement and markings are dry, clean, and no visible moisture is on the road surface. These criteria define initial pavement marking retroreflectivity values. Markings will be measured in the direction of intended vehicular travel.

The Independent Consultant should expect to retest failed segments after the markings have been replaced at no additional cost to the State.

The averaged retroreflectivity measurements must meet the requirements for retroreflectivity as specified. Any retroreflectivity readings not meeting the minimum average dry and wet retroreflectivity requirements for pavement markings will be considered failed. Failed markings will be removed and remarking will be performed by the Contractor in 528‑foot lengths.

The Contractor will mark the beginning and end of the length of line to be removed and remarked that is represented by the failed averaged reading.

The measurement report will be in the form of an electronic database file or delimited text file and contain all raw data collected. The electronic file must also contain a summary of findings. The retroreflectivity report, including the summary and a copy of the electronic file with all data, will be provided to the Engineer. The measurement report will include:

· State Project Number
· Trunk Highway Number
· Date the measurements were taken
· Geographical location where the measurements were taken, including distance from the nearest permanent site identification such as a mile reference marker. The beginning and ending reference points of data collection will be rounded to the nearest thousandth of a mile. The beginning and ending coordinates will be determined by a Global Positioning System receiver with 3‑meter accuracy, including the direction of travel in terms of increasing or decreasing reference points.
· Identification of the pavement marking material including line type, color, age, and transverse location on the road. Identification of the marking will be included in the format (LEL – Left Edgeline, REL – Right Edgeline, CL – Centerline, RREL – Right Ramp Edgeline, LREL – Left Ramp Edgeline, gore markings only).
· Identification of the retroreflectometer
· A summary of the dry average retroreflective measurements for each continuous length of 0.1 mile measured.

Should another mobile unit be available, the maximum acceptable deviation for measurements made by the two different instruments of the same manufacturer and for the same roadway length will be ±10 percent.

Repeatability for the given mobile unit will be ±6 percent.

The locations of the measurements will be randomly selected.

No final payment for pavement markings will be made until the retroreflectivity measurements are taken and the retroreflectivity report is provided to the Engineer.

Cost for all mobile retroreflectivity measurements, reports, marking of failed lengths, equipment, materials, and labor will be included in the contract unit price per mile for “Mobile Retroreflectometer Measurements”.



