
SECTION 02577 - PAVEMENT MARKERS, STRIPING AND MARKINGS
PART 1 - GENERAL

1.01 GENERAL CONDITIONS:  The General Conditions and Special Provisions preceding these specifications shall govern this section of the work.
1.02 WORK INCLUDED:  Furnish all labor, materials and equipment required to accomplish the installation of all pavement markers, reflectorized white and yellow traffic pavement striping and other markings in conformance to the “Manual on Uniform Traffic Control Devices for Streets and Highways,” 2003, the “Traffic Standards Manual” of the Department of Transportation Services, July 1976, and these plans and specifications.  This work shall also include the removing of existing pavement markers and removing or eradicating of existing pavement striping and markings when called for in the plans and/or directed by the Traffic Engineer.
1.03 SUBMITTALS:  Submit material certifications, test results and brochures for all pavement markers and traffic paint materials to the Traffic Review Branch, Department of Planning and Permitting, City and County of Honolulu.  A copy of the submittal shall be submitted to the Construction Manager.

PART 2 - PRODUCTS

2.01 GENERAL:  Materials shall conform to the requirements of Pavement Markers, Adhesives for Pavement Markers, and Pre-Mixed Reflectorized White and Yellow Traffic Paint, as specified in these specifications.
2.02 MATERIALS

A. Pavement Markers

1. Description of Markers:  The markers shall have the shape, dimensions and tolerances as shown on the plans.  The markers shall be of uniform composition and free from surface irregularities, cracks, checks, chipping and other physical damage interfering with appearance or application.
2. Type of Markers

a. Type A - Non-Reflective White Markers and Type J Non-Reflective Yellow Markers.
1) Class III Ceramic Type.  For use on Portland cement concrete and asphalt concrete road surfaces.  

2) Class IV Ceramic Type.  For use only on Portland cement concrete road surfaces.

3) The class of non-reflective white marker to be used shall be at the option of the Contractor, subject to the above limitations.

b. Type B - Two-Way Clear Reflective Markers

c. Type C - Red-Clear Reflective Markers

d. Type D - Two-Way Yellow Reflective Markers

e. Type E - Yellow-Clear Reflective Markers

f. Type G - One-Way Clear Reflective Markers

g. Type H - One-Way Yellow Reflective Markers

3. Markers
a. Non-Reflective Markers:  Type A and J pavement markers shall have the following characteristics:  

1) Composition of Markers:  The composition of finished markers shall conform to the following:  The Class III and IV pavement markers shall consist of a heat-fired, vitreous, ceramic base and a heat-fired, opaque, glazed surface to produce the properties required in these specifications.  The markers shall be produced from any suitable combination of intimately mixed clays, shales, talcs, flints, feldspars, or other inorganic material which shall meet the properties herein required.  The markers shall be thoroughly and evenly matured and free from defects which affect appearance or serviceability.  

2) Properties of Markers:  The properties of finished markers, Class III and Class IV, shall conform to the following:  

a) Finish:   The top surface of the marker shall be convex and the radius of curvature shall be between 3‑1/2 inches and 6 inches except that the radius of the 1/2 inch nearest the edge may be less.  Any change in curvature shall be gradual.  The top and sides shall be smooth and free of mold marks, pits, indentations, air bubbles, or other objectionable marks or discolorations.  

The bottoms of the ceramic markers shall be free from gloss or glaze and shall have a number of integrally formed protrusions approximately 0.050 inch projecting from the surface in a uniform pattern of parallel rows.  

Each protrusion shall have a face parallel to the bottom of the marker.  The area of each parallel face shall be between 0.01 and 0.065 square inches and the combined area of these faces shall be between 2.2 and 4.4 square inches.  

The protrusions shall be circular in section.  

The number of protrusions should be not less than 48 nor more than 200.  

To facilitate forming and mold release, the sides of each protrusion may be tapered.  This taper shall not exceed 15 degrees from perpendicular to the marker bottom.  Markers manufactured with protrusions whose diameter is less than 0.15 inch may have an additional taper not exceeding 30 degrees from perpendicular to the marker bottom and extending not more than one-half the total height of the protrusion.  

The overall height of the marker shall be between 0.68 to 0.80 inch.  

b) Glaze Thickness:  The thickness of the glazed surface shall be not less than 0.007 inch at any point located more than 1/4 inch from the edge of the marker circumference.  The glaze thickness shall be measured on a fractured edge with a calibrated reticule of a microscope of at least 25 power.  

c) Moh Hardness:  The glazed surface of the marker shall have a hardness of a 6 minimum in the Moh hardness scale.  This shall be determined relative to the mineral orthoclase which has a hardness of 6.  With moderate hand pressure, it must be possible to scratch orthoclase with the marker but not possible to scratch the marker with the orthoclase.  

d) Directional Reflectance (Type A markers only):  The 45(, 0( directional reflectance of the marker when tested in accordance with ASTM E97, shall have the following values: 

Glazed Surface
75 minimum

Body of Marker
65 minimum

The test on the glazed surface shall be made on the top of the convex surface of the marker.  The test on the body of the marker shall be made on a flat surface of the marker from which the glaze has been removed by grinding with carborundum wheel.  

e) Yellowness Index (Type A markers only):  The yellowness index of the marker when tested in accordance with ASTM E313 shall have the following values:  

Glazed Surface
0.07 maximum

Body of Marker
0.12 maximum

The test on the glazed surface shall be made on the top of the convex surface of the marker.  The test on the body of the marker shall be made on a flat surface of the marker from which the glaze has been removed by grinding with a carborundum wheel.  

f) Color (Type J markers only):  The chromaticity of the glazed surface of the marker shall be within the following limits:  

Purity
76 to 96 percent

Dominant Wave Length
579 to 585 mu

Total Luminous Reflectance

(Y value)
0.41 minimum

Chromaticity measurements shall be made in accordance with California Test Method No. 660.  

g) Water Absorption:  The average water absorption of the ceramic marker when tested in accordance with ASTM C373 shall not exceed 2.0 percent of the dry weight of the test piece.  

h) Autoclave Test: The glazed surface of the marker shall not craze, spall or peel when subjected to one cycle at 100 psi for one hour of the autoclave test when tested in accordance with ASTM C424.  

i) Strength Test:  A random sample of five markers of each type and/or class used will be selected for the load test.  Each Class III marker shall support a minimum load of 1,500 pounds and each Class IV marker shall support a minimum load of 750 pounds when the load is applied in the following manner:  The base of the marker shall be made flat using plaster of paris or some other suitable material.  Sufficient amount of material shall be applied to the base of the marker to fill the spaces around the protrusions up to the faces of the protrusions.  The protrusions shall not protrude from the prepared finished base.  The prepared marker shall be centered, base down, over the open end of a vertically positioned hollow metal cylinder.  The cylinder shall be 1-inch high, with an internal diameter of 3 inches and a wall thickness of 1/4 inch.  A load necessary to break the marker shall be applied at a speed of 0.2 inch per minute to the top of the marker through a 1-inch diameter solid metal cylinder centered on the top of the marker.  Failure shall consist of a breakage of the marker at a load of less than 1,500 pounds when applied to Class III markers or less than 750 pounds when applied to Class IV markers.  

j) Sampling:  Twenty markers selected at random will constitute a representative sample for each batch consisting of 10,000 markers or less.  Forty markers will constitute a representative sample for lots consisting of more than 10,000 markers.  The lot size shall not exceed 25,000 markers.  However, if a batch represents less than 100 markers, the Engineer may delete sampling and may accept the markers based on certification of compliance and certified test results.  

k) Tolerances 

(1) Three test specimens shall be randomly selected from the sample for each test except as noted in (i) above, and tested for compliance in accordance with these specifications. Should any one of the specimens fail to comply with the requirements of these specifications, additional samples consisting of double the number of samples originally taken will be tested.  The failure of any one of these additional samples shall be cause for rejection of the entire lot or shipment represented by the sample. 

(2) At the discretion of the Engineer, a resample may be taken consisting of double the number of samples originally taken.  Tolerances for resamples shall be in the same ratio as specified above

l) Packaging:  Shipments shall be made in containers which are acceptable to common carriers and packaged in such a manner as to insure delivery in perfect condition.  Any damaged shipments shall be replaced by the Contractor.  Each package shall be clearly marked as to the name of the manufacturer, type, color, quantity enclosed, lot and/or batch number, and date of manufacture.  

b. Reflective Pavement Markers:   Reflective pavement markers shall be of the prismatic reflector type consisting of a methyl methacrylate or suitably compounded acrylonitrile butadiene styrene (ABS) shell filled with a mixture of an inert thermosetting compound and filler material.  The exterior surface of the shell shall be smooth and contain one or two methyl methacrylate prismatic reflector faces of the color specified.  

The reflective lens shall not contain any voids or air space, and the back of the lens shall be metallized.  

The shell shall be fabricated in a manner that will provide a mechanical interlock between the thermosetting compound and the shell.  The thermosetting compound shall bond directly to the backside of the metallized lens surface.  

The base of the marker shall be flat (the deviation from a flat surface shall not exceed 0.050 inch), rough textured and free from gloss or substances which may reduce its bond to the adhesive.  The presence of a soft or resin-rich film on the surface of the base will be cause for rejection.  

Reflective markers shall conform to the following requirements: 

1) Optical Performance:  The specific intensity of each reflective surface, when tested at 0.2 degrees angle of divergence, shall not be less than the following specified values:  

	Specific Intensity

	
	Clear
	Yellow
	Red

	0( Incidence Angle
	3.0
	1.5
	0.75

	20( Incidence Angle
	1.2
	0.60
	0.30


NOTE:

a) Angle of Incidence.  The angle formed by a ray from the light source to the marker and the normal to the leading edge of the marker face.  

b) Angle of Divergence.  The angle formed by a ray from the light source to the marker and the returned ray from the marker to the measuring receptor.

c) Specific Intensity.  The mean candle power of the reflected light at a given incidence and divergence angle for each foot candle at the reflector on a plane perpendicular to the incidence light.
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Where:
SI = Specific Intensity

RL = Reflected Light

IL = Incident Light

D = Test Distance

d) Test Method:  The markers to be tested shall be located with the center of the reflecting face at a distance of 5 feet from a uniformly bright light source having an effective diameter of 0.2 inch.  The photocell receptor width shall be 0.05 inch and shall be shielded to eliminate stray light.  The distance from the center of the light source aperture to the center of the photocell shall be 0.2l inch.  If a test distance of other than 5 feet is used, the source and receptor shall be modified in the same proportion as the test distance.  

2) Color:  The color of the reflectors when illuminated by an automobile headlight shall be an approved clear, yellow or red color as required.  Off-color reflection will constitute grounds for rejection.  

3) Strength Requirements:  A random sample of 3 markers shall be selected for the load test.  The marker shall support a minimum load of 2,000 pounds as applied in the following manner:  The marker shall be centered, base down, over the open end of a vertically positioned hollow metal cylinder.  The cylinder shall be 1-inch high, with an internal diameter of 3 inches and a wall thickness of 1/4 inch.  A load necessary to break the marker shall be applied at a speed of 0.2 inch per minute to the top of the marker through a 1-inch diameter solid metal cylinder centered on the top of the marker.  Failure shall consist of either:  

a) breakage or significant deformation of the marker at load of less than 2,000 pounds, or

b) significant delamination of the shell and the filler material regardless of the load required to break the marker.  

4) Sampling:   Six markers will be selected at random from each batch for testing.  However, if a batch represents less than 100 markers, the Traffic Engineer may delete sampling and may accept the markers based on certification of compliance and certified test results.

5) Tolerances:  Should any one of the samples selected for strength testing fail to comply with the strength requirements of these specifications, six (6) additional samples will be tested.  The failure of any of these additional six (6) samples will be cause for rejection of the entire lot or shipment represented by the samples.

6) Packaging:  Shipments shall be made in containers which are acceptable to common carriers and packaged in such a manner as to insure delivery in perfect condition.  Any damaged shipments shall be replaced by the Contractor.  Each package shall be clearly marked as to the name of the manufacturer, color, type, lot number, quantity enclosed, and date of manufacture.

B. Adhesive for Pavement Markers
1. General:  The adhesives shall be furnished as two components.  The adhesives are described as Standard Set Type and Rapid Set Type.
All adhesives shall have a white A epoxy component and a black B curing agent component, each packaged separately.  The mixing ratio of Component A to Component B shall be one-to-one by volume.  The color of the material when mixed shall be approximately that of Color Nos. 26132 to 21652 of Federal Standard No. 595‑A.  The Standard Set Type is a compositional specification, together with test requirements.  The Rapid Set Type is based on laboratory test requirements only.  No volatile solvents or thinners shall be present in the epoxy adhesives requirements.  

2. Properties of the Adhesives:  The adhesive shall have the following properties:  

a. Pot Life:  The pot life shall be 12 minutes maximum and 7 minutes minimum for Standard Set Type and 5 minutes minimum for Rapid Set Type when tested as follows at 77(F ± 3(F:   Mix equal volumes of Components A and B in an 8‑ounce, unwaxed paper cut 2 inches ± 1/4 inch at base to give a 170 grams ± 10 grams total mass.  Mix 60 seconds ± 5 seconds before timing for pot life.  Test with a tongue depressor with minimum stirring.  Record the time the material becomes unusable as the pot life.  With most materials this shall be approximately the time a hard lump forms in the center.  

b. Shear Strength:  When tested as follows, the shear strength shall be not less than 1,000 psi for Standard Set Type and 900 psi for Rapid Set Type.  

Bond three concrete blocks 2 inch x 3-1/2 inch x 7 inch of 7-sack concrete together with the 7-inch sides parallel forming two areas of contact 3-1/2 inch x 3-1/2 inch by overlapping the blocks.  The test specimen then has a base of two blocks and a second surface formed by the center block.  Apply the adhesive to the contact surfaces and allow to cure for 24 hours at 77(F  ± 3(F.  Cap the base of the specimen with an approved capping compound and test at a load rate of 10,000 pounds per minute.  A swivel type head must be used at the top of the testing press.  Computations are based on a total area of 24.5 square inches (shear strength = total load/24.5).  

c. Viscosity:  The viscosity of each component when measured in a three-fourths filled standard round quart paint can shall be between 1.0 x 105 and 3.0 x 105 centipoises for Standard Set Type and 0.8 x 105 and 2.2 x 105 centipoises for Rapid Set Type when measured as follows:  Stir the components vigorously for 30 seconds with a spatula.  Remove entrained air by vigorously tamping and measure viscosity within 10 minutes after stirring.  Use Brookfield Viscometer, Model RVT at 5.0 RPM with a Model C Brookfield Helipath Stand and Helipath TD Spindle having a crossarm length of 0.804 inch for Standard Set Type and T.E. Spindle for Rapid Set Type.  Use weight included in spindle set.  Component and ambient temperature is to be 77(F  ± 3(F at time of measurement.  Reading shall be taken at approximately the center of the vertical travel of the spindle.  

d. Viscosity‑‑Shear Ratio:
Viscosity at 0.5 RPM
Viscosity at 2.5 RPM

This ratio shall be 2.0 minimum for Standard Set Type and 1.8 minimum for Rapid Set Type for Component A and 1.9 minimum for Component B.  Take the above viscosities at the same time and conditions as in subsection (C) above.  

e. Bond Strength
1) Clean a 4 inch x 4 inch area on a flat surface of a concrete block made with 7-sack concrete and having a tensile strength in excess of 250 psi.  
2) Use the equipment and load described in California Test Method No. 420.  Condition test equipment, concrete and epoxy at test temperature for 24 hours before test.

3) Mix adhesive on a tin plate with a trowel or spatula for 60 seconds ±5 seconds.  Immediately start timing, place adhesive on pipe cap and press firmly in place on concrete.  Just before the required test time, insert the dynamometer hook into pipe cap.

4) After curing 3-1/3 hours for Standard Set Type and 25 minutes for Rapid Set Type at 77(F ± 3(F measured from the end of the mixing period, the bond strength shall be at least 200 psi.

f. Weight per Gallon, Pounds at 77(F ± 3(F (Standard Set Type).  

Component A
11.5 - 11.8

Component B
11.7 - 12.1

Composition:  

	STANDARD SET TYPE

	Component A
	Parts by Weight

	Epoxy Resin1
	100

	Titanium Dioxide, TT‑P‑422, Type III or IV
	7.31

	Resin Grade Asbestos2
	5.00

	Talc3
	37.64

	Component B
	

	N‑Aminoethyl Piperazine1
	23.16

	Nonylphenol5
	52.00

	Carbon Black, TT‑P‑343, Form 1, Class B
	0.22

	Talc3
	77.37

	Resin Grade Asbestos2
	1.00


1Viscosity, 5‑7 poises at 25(C; epoxide equivalent 175‑195; Color (Gardner), 5 maximum; manufactured from epichlorohydrin and bisphenol A.  The reactive diluent shall be butyl glycidyl ether.

2Specific gravity, grams per ml., 2.45; moisture content, % by weight, 2.0 maximum; surface area, square meters per gram, 60 approximately; reflectance, G.E. brightness, 72‑76; nature of surface charge, electropositive (cationic); Ph in water, 9.5; bulking value, gallons per 100 lbs., 4.8; oil absorption (DOP), pound per 100 lbs., 120; refractive index, nd 25(C, 1.54‑1.56; wet bulk density in water, after dispersion, 2 grams per liter, settling after 1 hr., 100 ml. clear maximum; dry bulk density, pounds per cubic foot, 4.  

3Percent passing U. S. No. 325 sieve, 94‑96; maximum particle size, 70 microns, oil absorption (Gardner-Coleman), 6-7 ml. per 20 grams; fineness in oil (Hegman) 1-2; specific surface, 0.5‑0.6 square meter per gram; consistency (40% suspension in linseed oil) 55-60 KU.  

4Color (ALPHA) 50 maximum; amine value 1250-1350 based on titration which reacts with the three nitrogens in the molecule; appearance clear and substantially free of suspended matter.  

5Color (ALPHA) 50 maximum; hydroxyl number 245-255; distillation range, (C at 760 mm first drop 295 minimum, 5% 298 minimum, 95% 325 maximum; water, % (K.F.) 0.05 maximum.  

g. Directions for use 

Any settling of fillers or pigments in Components A or B shall be completely redispersed to provide a homogeneous mix before the components are used.  Just before use, Components A and B shall be mixed in a one-to-one ratio by volume.  

When the Rapid Set Type adhesive is used, the components shall be mixed by a 2-component type automatic mixing and extrusion apparatus.  The temperature of the Rapid Set Type adhesive shall be maintained at 65(F to 85(F before mixing.  The temperature of the Standard Set Type adhesive shall be maintained at 60(F to 100(F before mixing.  Any heating of epoxy adhesive shall be done by the application of indirect heat.  

Packaging and Labeling of Adhesive:  Each adhesive component shall be packaged in containers not larger than 5 gallons in volume.  The containers shall be new steel, not less than No. 24 gage and shall otherwise meet Interstate Commerce shipping standards.  Each container shall be clearly labeled with designation (Component A or B), type (Standard or Rapid Set), manufacturer’s name, date of manufacture, batch number (a batch shall consist of a single charge of all components in a mixing chamber), directions for mixing, and the following warning:
CAUTION

This material will cause severe dermatitis if it is allowed to come in contact with the skin or eyes.  Use gloves and protective creams on the hands.  Should this material contact the skin, wash thoroughly with soap and water.  Do not attempt to remove this material from the skin with solvents.  If any gets in the eyes, flush for 10 minutes with water and secure immediate medical attention.  

Sampling:  One quart sample of each of the components (A and B) from each batch will be sampled for testing.  

Certification:  The Contractor shall submit to the Engineer a certificate of compliance indicating that all types of adhesives conform to the requirements of the specifications.  

C. Pre-Mixed Reflectorized White and Yellow Traffic Paint  

1. General:  Qualification of Reflectorized Traffic Paint:   Only those traffic paints which have qualified in the latest completed prequalification tests conducted by the State Department of Transportation and having a Weighted Rating (W) of at least 6.5 for reflectorized white and 7.0 for reflectorized yellow at the completion of the road test will be permitted for use on this project.  Quick dry paints shall not be used.

The phrase “latest completed prequalification tests” shall mean either those traffic paints which have been prequalified by the State Department of Transportation at the time this contract becomes effective or those traffic paints which have been listed by the State Department of Transportation as meeting the prequalification tests of the State Department of Transportation at the time the Contractor is doing pavement striping.  The Traffic Engineer will furnish a list of prequalified traffic paints upon the request of the Contractor.

The Contractor may use other materials designed for pavement striping, such as adhesive striping, on temporary detours with the approval of the Traffic Engineer.  Such materials shall meet the color and reflection requirements for traffic paints.

2. Pre-Mixed Reflectorized White and Yellow Traffic Paint

a. General:  The pre-mixed reflectorized white and yellow traffic paints shall be composed of a pigment binder and glass spheres and shall be suitable for use as traffic markings on concrete, bituminous macadam and asphalt concrete pavements.  These paints shall be ready for use without any subsequent addition of glass spheres or solvent.  The white paint shall be pure white and free from tint.  The yellow paint shall be within the green and red tolerance limits when compared with U. S. Federal Highways Administration’s “Standard Color Chips for Highways Signs.”

The term “pre-mixed reflectorized” shall refer to the finished mixture of pigmented binder and glass spheres.  The terms “pre-mixed compound” and “compound” shall mean the same thing.  The term “binder” shall refer to the pigment and vehicle alone (not including glass spheres).  The term “spheres” shall refer only to the glass spheres incorporated in the compound.

The pre-mixed reflectorized white and yellow traffic paints shall be mixed at the factory ready for immediate application, using spray machines without thinning, at the normal rate of application used for these purposes by the Department of Transportation Services.

The traffic paints shall be well-ground and mixed.  The paints shall not exhibit any characteristics of skinning, settling, thickening, or livering.  The paints shall be readily mixed to a uniform consistency, capable of being applied through the spray machine without clogging or causing other operational difficulties.  The mixing of the paint shall be performed in the normal manner followed by the Department of Transportation Services.

The paint shall be capable of drying to an elastic adherent finish and shall not show appreciable discoloration with age.  The volatile material shall have a minimum solvent action on asphalt and be of such character that any gums and nonvolatile components of the vehicle will entirely dissolve therein and not precipitate from the solution on standing.  The paints shall be of such quality that a dry film thereof will not darken or otherwise discolor excessively when exposed to sunlight.

b. Tests:  In addition to the above-mentioned requirements, the pre-mixed reflectorized white and yellow traffic paints shall conform to the following requirements:

1) Composition:  The composition, formulation, and milling of the paints shall in all respect be identical to the sample and manufacturer’s certificate of formulation thereof submitted in accordance with the Department of Transportation Services’ requirements.

2) Consistency:  This test shall be performed in accordance with ASTM D562.  The paint, as received, shall have a consistency as determined by the Stormer Viscosimeter and expressed as Krebs units at 77(F between 75 and 90.

3) Wet Hiding Power:  When applied with a 0.008 inch Bird Film Applicator on Standard Morest Black and White Hiding Power Chart, Form 05, as supplied by the Leneta Company, P. O. Box 86, Ho-ho-kus, New Jersey 07423, the paint shall completely hide black. 

4) No Pickup Time:  The paint shall be tested in accordance with ASTM D711, except that the wet film shall be applied to the glass with a 0.005 inch Bird Film Applicator.  The drying time for no pickup shall be not less than 5 minutes or more than 40 minutes.)
5) Chemical Analysis:  The Department of Transportation Services shall have the option to perform a chemical analysis of said paints to determine if the paints conform with the manufacturer’s certificate of formulation and that they are identical with the sample of paint submitted for prequalification test under the latest “Notice to Prospective Bidders for Furnishing Traffic Paint.”  (The Department of Transportation Services retains the right to check formulation by any approved method.

6) Weight per Gallon:  The paint supplied by the successful bidder shall be within ±0.5 Department of Transportation Services prior to installation of materials.
7) Glass Spheres:  The glass spheres used in the compound shall be colorless, clean and transparent, free from milkiness and air bubbles.  Not more than 20 percent of the glass spheres shall be irregular or fused spheroids when tested in accordance with the method used by the Department of Transportation Services.

8) Glass Spheres Content:  There shall not be less than 4.00 pounds of glass spheres per gallon of finished pre-mixed reflectorized traffic paint.

9) Gradation of Spheres:  Glass spheres shall meet the following gradation when tested in accordance with ASTM D1214, using U. S. Standard Sieves:
	Sieve Size
	Percent Passing

	#40
	100

	#50
	90 - 100

	#100
	20 - 75

	#200
	0 - 15


c. Packing:  Marking and Batching:  The paints shall be delivered in clean open-head steel drums.  Each container shall bear a label with the following information shown thereon:  Name and address of the manufacturer, shipping point, trademark or trade name, kind of paint, formula, number of gallons, date of manufacture and batch number.

All paint pails shall have a positive and permanent seal.

d. Sampling and Testing:  The Contractor shall furnish paint samples from each paint batch to an independent testing laboratory.  At least two samples from each batch consisting of one quart each in sealed containers will be used for testing.

No paint shall be used or paid for except as authorized by the Traffic Engineer until laboratory tests (excluding the laboratory test for settling) are completed, or if the paint fails to meet the requirements of these specifications.

D. Preformed Pavement Markings 
1. General:  The preformed pavement marking tape shall consist of a film with glass beads on a conformable backing precoated with a pressure sensitive adhesive.  The tape shall be capable of being adhered to asphalt concrete or Portland cement concrete without the use of heat, solvents or other additional adhesive means, and shall be immediately ready for traffic after application.

The size, quality and refractive index of the glass beads shall be such that the performance requirements as specified herein are met.  The beads shall not be easily removed when the material surface is scratched with a thumbnail.

The preformed pavement marking tape shall contain selected pigments blended to provide standard highway colors of white or yellow.  The tape shall maintain a uniform color under both daylight and night lighting conditions throughout its expected life.

Preformed works and symbols shall conform to the applicable shapes and sizes outlined in the latest edition of the FHWA publication, “Manual on Uniform Traffic Control Devices for Streets and Highways” (MUTCD), as amended.

When stored in a cool, dry area indoors, the tape shall be suitable for use a minimum of one year after the date of purchase.

2. Classification:  Preformed pavement marking tape shall be of various types and compositions and for applications as specified as follows:

a. Temporary Preformed Pavement Marking Tape:  Temporary tape shall be capable of performing for the duration of a normal construction period and shall then be capable of being removed intact or in large pieces.

b. Permanent Preformed Pavement Marking Tape

1) Type I permanent tape shall be durable and capable of performing as specified herein when subjected to a high traffic volume and severe wear conditions such as repeated shear action from crossover and stop, start, or turn movements.  Removal should not be easy. 

2) Type II permanent tape shall be used for highway edge of pavement lines.  The tape shall be capable of performing satisfactorily when subjected to low traffic volumes, less severe wear action than for Type I, and primarily free rolling traffic.

3) Type III permanent tape shall be used for symbols, legends and intersection markings such as stopbars and crosswalks in areas of high wear or as needed.

3. Reflectance:  The films shall have the following initial minimum reflectance value of 0.2 degree and 0.5 degree observation angles and at an entrance angle of 86 degrees as measured in accordance with the testing procedure of Federal Test Method Standard 370.  The photometric quantity to be measured shall be specific luminance (SL), and shall be expressed as millicandelas per square foot per foot candle (mcd/ft.2/fc).

INITIAL MINIMUM REFLECTANCE VALUE

	
	Specific Luminance (mcd/ft.2/fc)

	
	White
	Yellow

	Observation Angle Classification
	0.26(
	0.5(
	0.2(
	0.5(

	Temporary
	1770
	1270
	1310
	810

	Permanent
	Type I
	550
	380
	410
	250

	
	Type II
	960
	760
	680
	510

	
	Type III
	550
	380
	410
	250


The sample size shall be 2.0 feet x 2.5 feet and the test distance shall be 50 feet.  The angular aperture of both the photoreceptor and light projector shall be 6 minutes of arc.  The reference center shall be the geometric center of the sample, and the reference axis shall be taken perpendicular to the test sample.

4. Skid Resistance:  The surface of the preformed pavement marking tapes shall provide an initial minimum skid resistance value of 45 BPN when tested in accordance with ASTM E303.

5. Temporary Preformed Pavement Marking Tape

a. Composition:  The tape shall be a highly reflective, conformable, pliant polymer material intended for marking applications where removability is required.
The tape shall consist of a mixture of high quality polymer materials and pigments and shall not contain metallic foil.  Glass beads shall be distributed throughout the pigmented area and in a reflective layer bonded to the top surface.  The performance of the glass beads shall meet the durability and reflectance criteria specified herein.

The tape shall be reinforced with a non-metallic medium and shall be precoated with a pressure sensitive adhesive.

The tape shall be capable of adhering to roadway surfaces under climatic and traffic conditions normally encountered in the construction work zone.  Newly applied tape shall be capable of being immediately exposed to traffic without pickup or distortion by vehicles.

b. Thickness:  The film without adhesive shall have a minimum thickness of 0.03 inch (0.76 mm).

c. Removability:   The tape shall be removable from asphalt cement concrete or Portland cement concrete, either manually or with a roll-up device, at temperatures about 40(F (4(C), and without the use of heat, solvents, grinding or sandblasting.  The tape shall meet this requirement even after traffic exposure on transverse applications in accordance with the following:

1) Time in place - 632 days 

2) ADT per lane - 9,000 (23% trucks, 3.5 axles/unit)

3) Minimum axle hits - 13,000,000

6. Permanent Preformed Pavement Marking Tape
a. Type I

1) Composition:  Tape shall consist of a mixture of high quality polymeric materials, pigments and glass beads, with a reflective layer of beads bonded to the top surface.

2) Thickness:  The film without adhesive shall have a minimum thickness of 0.06 inch (1.52 mm).

3) Conformability and Patchability:  The tape shall be conformable to pavement contours, breaks, faults, etc., through the action of traffic at normal pavement temperatures. Worn or missing areas shall be reparable with butt spliced patches of the same material.

4) Tensile Strength and Elongation:  The tape shall have a minimum tensile strength of 40 pounds per square inch and minimum elongation of 75 percent at break when tested in accordance with ASTM D638.  The sample size shall be 6 inches x 1 inch and shall be tested at a temperature between 70(F and 80(F with a jaw speed of 10 to 12 inches per minute.

5) Reflectivity Retention:  Glass beads shall be strongly bonded and not easily removed by traffic.  The tape shall be tested for reflectivity retention as follows:

(a) A sample 2 inches x 6 inches shall be bent around a 1/2-inch diameter mandrel with the 2-inch dimension perpendicular to the mandrel axis.   Examination of the area with 5x magnifier shall show less than 10 percent of the beads with 40 percent or less embedment in the binder.

(b) Taber Abraser Simulation Test:  Using a Taber Abraser with an H-18 wheel and a 125 gram load, a sample shall be tested for 200 cycles and then inspected with a magnifier of 5-power or larger.

No more than 15 percent of the beads shall be lost due to popout and bead erosion shall be the major mode of failure.

6) Effective Performance:  The tape shall be neat and durable and shall not flow or distort due to temperature or vehicle impacts.  The pliant polymer shall provide a cushioned, resilient substrate that shall reduce bead crushing and loss for the life of the marking.  The film shall be weather resistant and shall show no appreciable fading, lifting or shrinkage throughout its usage.  The tape shall show no significant tearing, roll back, or other signs of poor adhesion during its useful life which shall be a minimum of one year from the date of installation.

Immediately after application, the tape shall be capable of being impacted by vehicles without being picked up or distorted.

b. Type II
1) Composition:  The retroreflective pavement marking material shall consist of glass beads embedded in a white or yellow film with a thin, flexible conformable backing which is precoated with a pressure sensitive adhesive.

2) Thickness:  The film with adhesive shall have a minimum thickness of 0.025 inch (0.64 mm).

3) Abrasive Resistance:  Samples of test material shall not wear through to the conformable backing surface in less than 400 cycles when tested in accordance to Federal Test Method Standard 141, Method 6192, except using an H-22 wheel and a 250 gm load.

4) Acid Resistance:  The beads shall show resistance to etching, hazing or delamination of bead surface after exposure to a 1 percent solution of sulfuric acid.  The test shall be performed as follows:

Soak one gram of beads in 100 cc of a 1 percent H2SO4 solution for 100 hours.  Then decant the acid solution and dry the beads at 100(C.  Microscopic examination of a sample of the beads shall show no more than 5 percent of the beads altered by the acid.

5) Reflectivity Retention:  The requirements shall be as described in 6.a.5).
6) Effective Performance:  The requirements shall be as described in 6.a.6).
c. Type III

1) Composition:  The retroreflective pavement marking film shall consist of a mixture of high quality polymeric materials, pigments and glass beads distributed throughout its base cross sectional area, with a reflective layer of beads bonded to the top urethane wear surface.  The edges of the preformed tape shall be clean cut and true.

2) Thickness:  The film without adhesive shall have a minimum thickness of 0.06 inch (1.52 mm).

3) Conformability and Patchability:  The tape shall be conformable to pavement contours, breaks, faults, etc., and worn or missing areas shall be reparable with the same materials in accordance with the manufacturer’s instructions.

4) Tensile Strength and Elongation.  The material shall have a minimum tensile strength of 350 pounds per square inch and a minimum elongation of 50 percent at break when tested in accordance to the provisions of ASTM D638.  The sample size shall be 6 inches x 1 inch and shall be tested between 70-80(F with a jaw speed of 10 to 12 inches per minute.

5) Reflectivity Retention:  The glass beads shall be strongly bonded and not be easily removed by traffic wear.

The predominant mode of failure shall be “wear down” of the beads at 200 cycles when no more than 15 percent of the beads shall be lost due to popout using a Taber Abraser with an H-18 wheel and a 125 gram load.

6) Glass Bead Retention:  When a 2-inch x 6-inch (5.08 x 15.24 cm) sample is bent over a 1/2-inch diameter mandrel (with a 2-inch dimension perpendicular to the mandrel axis), microscopic examination of the area on the mandrel shall show no more than 10 percent of the beads with entrapment by the binder of less than 40 percent.

7) Installation:  The markings shall be applied and tamped in accordance with the manufacturer’s recommendations.

E. Reflective Thermoplastic Compound Pavement Markings
1. General:  Reflective thermoplastic compound pavement markings shall be a substance, free of volatiles, which is machine applied to the pavement surface in a hot molten state and which, after cooling to the ambient temperature, and without polymerization or other chemical change, forms a traffic marking stripe of the quality and appearance as specified herein.

The material used shall be a product especially compounded for traffic markings.

The installed stripe shall not be slippery when wet.

The compound shall not deteriorate by contact with sodium chloride, calcium chloride, oil content of pavement materials, or from oil droppings from traffic.

In the plastic state, the material shall not give off fumes which are toxic or otherwise injurious to persons or property.  The material shall not break down or deteriorate if held at the plastic temperature for a period of 4 hours, or by reason of four reheatings to the plastic temperature.

There shall be no obvious change in color of the material as a result of up to four reheatings, or from batch to batch.

To insure the best possible adhesion, the compound shall be installed in a melted state of a minimum temperature of 375(F, and the material shall not scorch or discolor if kept at temperatures between 380(F to 450(F for up to 4 hours.

The pigmented binder shall be well-dispersed and free from all skins, dirt, foreign objects, or such ingredients as will cause bleeding, staining, or discoloration.

After application and proper drying time, the material shall show no appreciable deformation or discoloration under local traffic conditions, and in an air and/or road temperature ranging from 0( to 120(F.

Under this specification, the term “drying time” shall be defined as the minimum elapsed time, after application, when the stripe shall have and retain the characteristics required by the preceding sections.  In addition, the drying time shall be established by the minimum elapsed time after application, after which normal local traffic will leave no impression or imprint on the applied marking.

The drying time shall not exceed a characteristic straight line curve, the lower limits of which are 2 minutes at 50(F, the upper limits of which are 15 minutes of 90(F, both temperatures measured at a maximum relative humidity of 70 percent.

The stripe shall maintain its original dimensions and placement.  The exposed surface shall be free from tack.  Cold ductility of the material shall be such as to permit normal movement with the road surface without chipping.

The marking shall have a uniform cross section.  Pigment shall be evenly dispersed throughout the material.  The density and character of the material shall be uniform throughout its thickness.

The material shall not smear or spread under normal traffic conditions at temperatures below 120(F.

The filler to be incorporated with the resins or binders shall be a white calcium carbonate or equivalent filler.

The white thermoplastic shall have a pigment containing not less than 6 percent per Titanium Dioxide, and, after setting, shall be pure white, free from dirt or tint.

Yellow reflectorized thermoplastic compound shall be “Federal Yellow.”

The binder shall consist of a mixture of non-drying synthetic resins at least one of which is solid at room temperature.  The total binder content of the thermoplastic compound shall be not less than 15 percent nor more than 35 percent by weight.

The material shall not change in its color and brightness characteristics after prolonged exposure to sunlight.

During manufacture, reflectorizing beads shall be mixed into the material to the extent of not less than 20 percent nor more than 50 percent by weight of the material.  The beads that are applied to the surface of the material shall be automatically applied at a uniform rate of approximately 3 pounds of glass beads to every 100 square feet of line.

The glass beads used in the formulation shall have a refractive index of not less than 1.51 when tested by the liquid immersion method at 25(C; shall consist of 70 percent min. by count of true spheres; shall be free from air inclusions; and shall have the following graduation:

	U. S. Sieve Number
	Percent Passing

	30
	90 -100

	40
	35 - 100

	100
	0 -10


Not less than 70 percent of the spheres shall meet the following requirements:

a. The surface of the spheres shall be smooth, lustrous, and free from film scratch and pits.

b. The spheres shall be clear and transparent and shall not be oviate in shape or fused spheroids.

c. The spheres shall show high autocollimating efficiency.  Not more than 1 percent shall be black, amber, or milky.

The glass beads dropped on the applied marking shall have a refractive index of not less than 1.51 when tested by the liquid immersion method of 25(C, shall consist of 70 percent min. by count of true spheres; shall be free from air inclusion; and shall have the following gradation:

	U. S. Sieve Number
	Percent Passing

	20
	90 - 100

	80
	0 - 10


Not less than 70 percent of the spheres shall meet the following requirements:

a. The surface of the spheres shall be smooth, lustrous, and free from film scratch and pits.

b. The spheres shall be clear and transparent and shall not be oviate in shape or fused spheroids.

c. The spheres shall show high autocollimating efficiency.  Not more than 1 percent shall be black, amber, or milky.

2. Specifications and Tests
a. Color
1) White:  Initially white; as demonstrated by a standard color difference meter such as the Gardner Color Difference Meter manufactured by Gardner Laboratories, Inc., Bethesda, Maryland, the material shall show deviations from a magnesium oxide standard not greater than the following:

	Scale Definition
	Mag Oxide

Standard Sample

	Rd Reflectance 
	100
	70 minimum

	a  Redness‑Greenness
	0
	-5 to +5

	b  Yellowness‑Blueness
	0
	-10 to +10


2) Yellow:  Initially yellow; equal to standard color chips using Federal test method standard 141 Method 4252.

b. Color Retention:  The retention of the initial color shall be determined as follows:  Specimens shall be prepared and tested from the samples submitted in accordance with ASTM D620-57T, “Tentative Method of Test for Colorfastness of Plastics.”  The ultraviolet light source shall be as specified from the test procedure or optionally may be a General Electric 275 watt sunlamp bulb, type RS, with built-in reflector.  After 100 hours of exposure, specimens shall show no perceptible color change when compared visually with an unexposed specimen. 

c. Water Absorption:  Material shall have not more than 0.5 percent by weight of retained water, when tested by ASTM D570, procedure a.

d. Softening Point:  Material shall have a softening point of not less than 90(C, as determined by ASTM E28.

e. Specific Gravity:  Specific gravity of compound at 25(C shall be from 1.9 to 2.5.

f. Impact Resistance:  The impact resistance shall not be less than 15 inch-pounds at 77(F after the material has been heated for 4 hours at 400(F and cast into bars of 1-inch cross sectional area and 3 inches long and placed with 1-inch extending above the vise in a cantilever beam (Izod Type) tester using the 25-inch pound scale.  See ASTM D256 for description of this instrument.

g. Bond Strength:  When two concrete blocks 2 inches by 3-1/2 inches by 7 inches are cemented together on the 3-1/2 inch by 7-inch faces with a 1/16 to 1/8-inch layer of the thermoplastic traffic line material and tested according to ASTM C321, the bond strength shall not be less than 150 pounds square inch.

h. Indentation Resistance:  The reading of the Shore Durometer, Type A, as described in ASTM D2240 after 15 seconds shall not be less than the amounts herein designated when the material is tested after heating for 4 hours at 400(F, and cooled to the following temperatures:

	Temperature
	Reading

	115(F
	65

	77(F
	95

	40(F
	95


3. Packaging:  Each unit container shall be clearly and adequately marked to indicate the color of the material, the process batch number or similar manufacturer’s identification, the manufacturer’s name and location of plant, and the date of manufacture.

The material shall be delivered to a designated area in unit containers as processed by the manufacturer.  Each unit container when filled shall weigh no less than 24 lbs. or more than 52 lbs.

4. Warranty:  Thermoplastic compound pavement marking material furnished and installed under this specification shall be guaranteed by the Contractor against failure due to poor adhesion resulting from defective materials or methods of application.

For approved pavements carrying 30,000 vehicles per day or less, the successful bidder shall guarantee to replace, without cost to the Department, that part of the pavement markings installed under this contract which, in the opinion of the Construction Manager, has not remained to perform useful service as follows:

a. Crosswalks and Stop Lines:

90 percent of the total of any one intersection for one year.

75 percent of the total of any one intersection for 2 years.

50 percent of the total of any one intersection for less than 3 years.

b. Lane Lines, Edge Lines, and Center Lines:

90 percent of a unit for one year.

80 percent of a unit for 2 years.

60 percent of a unit for 3 years.

(A “Unit” is defined as any length of highway having installed thereon 2,000 lineal feet of line of specified width in any combination or pattern.)

The replacement material installed under this guarantee shall be guaranteed the same as the original material, from the date of the original installation.

5. Equipment:  The material shall be applied to the pavement by an extrusion method wherein one side of the shaping die is the pavement and the other three sides are part of the equipment.

The equipment shall provide continuous mixing and agitation of the material. Conveying parts of the equipment shall be constructed to pavement accumulation and clogging.  All parts of the equipment which come in contact with the material shall be easily accessible and exposable for cleaning and maintenance.

All mixing and conveying parts including the shaping die shall maintain the material at the plastic temperature.

The equipment shall assure continuous uniformity in the dimensions of the stripe.  The thickness of the material on the pavement shall be no less than 3/32 inch and no more than 3/16 inch measured as an average in any 3-foot length.

The applicator shall cleanly cut off square stripe ends and shall be capable of applying “skip” lines.  The use of pans, aprons or similar appliances which the die overruns will not be permitted.

Beads applied to the surface of the completed stripe shall be applied by an automatic bead dispenser attached to the liner in such a manner that the beads are dispensed almost instantly upon the completed line.  The bead dispenser shall be equipped with an automatic cutoff control synchronized with the cutoff of the thermoplastic material.

The equipment shall be constructed to provide for varying die widths to produce varying widths of traffic markings.

A special kettle shall be provided for melting and heating the composition.  The kettle shall be equipped with an automatic thermostatic control device so that heating can be done by controlled heat transfer liquid rather than direct flame, to provide positive temperature control and prevent overheating of the composition.

The applicator and kettle must be equipped and arranged to satisfy the requirements of the National Fire Underwriters.

The applicator shall be mobile and maneuverable to the extent that straight lines can be followed and normal curves can be made in a true arc.

The applicator shall be capable of containing a minimum of 125 pounds of molten material.

6. Application:  The Contractor shall clean off dirt, blaze, paint, tape and grease where necessary and as directed by the Engineer.

The material may be installed in variable widths from 2 inches to 12 inches.

On pavements containing less than 6 percent bituminous asphalt and on all concrete pavements, the Contractor shall prestripe the application area with a binder material as recommended by the manufacturer.

The compound shall be installed in a melted state at temperatures of 380(F to 450(F.

The minimum installed thickness of the line as viewed from a lateral cross section shall be not less than 3/32nds of an inch at the edges, nor less than 1/8th of an inch in the center.  The measures shall be taken as an average throughout any 36-inch section of the line.

The new line when applied over an old line of compatible material shall bond itself to the old line in such a manner that no splitting or separation takes place during its useful life.

The finished lines shall have well-defined edges and be free of waviness.

PART 3 - EXECUTION
3.01 GENERAL:  Pavement markers and markings shall be applied to surfaces that have been thoroughly cleaned and are free of dirt, dust, curing compound, grease, oil, moisture, loose aggregates, unsound layers and any other material which would adversely affect the bond of the adhesive or paint.
In the installation of pavement markers, the cleaning of Portland cement concrete and asphalt concrete surfaces shall be by blast cleaning.  Clean, newly placed asphalt concrete need not be blast cleaned unless the surface contains an abnormal amount of asphalt or the surface is contaminated with dirt, grease, oil or any other material which would adversely affect bonding.  

Unless otherwise specified, the Contractor shall establish control points, satisfactory to the Traffic Engineer, spaced at intervals that will insure accurate location of pavement markers and striping.  Markers, paints and tape shall not be applied when moisture or foreign matter is present on the pavement surface or when wind conditions are such as to cause dust to be deposited on the prepared areas or to prevent satisfactory application of the marker adhesive or paint.  

The Contractor shall paint temporary guidelines and outline of arrows, legends and crosswalks with a 2-inch wide brushed line on the day the roadway is opened to traffic which shall be approved by the Traffic Engineer before permanent lines are painted.  

The Contractor shall furnish and place all warning and directional signs necessary to direct and control the traffic during marker installation or the striping operations.  Warning signs shall be set up before the beginning of each operation and extra signs shall be kept well ahead of the marking or painting equipment.  

The Contractor shall install all markers and apply all pavement striping before opening roadways to public traffic except that when connections to existing pavements are made or when temporary detours carry public traffic, the Contractor shall mark or stripe the connecting pavements on the day that the roadway is open to traffic.  

If it is necessary to run public traffic over roadways soon after paving, the Contractor shall paint, on the day of each day's paving, temporary guide dashes at the traffic stripe or marker location on the pavement, as guidance for drivers, until the permanent markings can be placed.  The Contractor shall maintain and repaint, if necessary, all temporary markings until the permanent striping and/or markers are installed.  This work shall be considered incidental to the items of paving, pavement markers and/or pavement striping, and no separate payment will be made therefor.  

Permanent pavement markers, striping and markings shall be applied no sooner than 7 calendar days nor later than 14 calendar days after completion of the pavement.

3.02 PAVEMENT MARKERS:  Unless otherwise ordered in writing by the Traffic Engineer, markers shall be cemented to the pavement with Standard Set Type adhesive.  If ordered by the Traffic Engineer, the Contractor shall use Rapid Set Type adhesive for the Standard Set Type adhesive at no extra cost to the City.
If the Contractor uses Rapid Set Type adhesive, he shall submit samples of the markers and Rapid Set Type adhesive proposed for use to the Traffic Engineer, for testing and approval, at least 10 days before the date of its intended use.

The adhesive shall be placed uniformly on the cleaned pavement surface or on the bottom of the marker in a quantity sufficient to result in complete coverage of the area of contact of the marker with no voids present and with a slight excess after the marker has been pressed in place.  The marker shall be placed in position and pressure applied until firm contact is made with the pavement.  Excess adhesive around the edge of the marker, excess adhesive on the pavement, and adhesive on the exposed surfaces of the markers shall be immediately removed.  Soft rags moistened with mineral spirits conforming to Federal Specification TT-T-291E or kerosene may be used, if necessary, to remove adhesive from exposed faces of pavement markers.  No other solvent shall be used.  The marker shall be protected against impact until the adhesive has hardened to the degree designated by the Traffic Engineer.  

The adhesive requires that the mixing operation and placing of the markers be done rapidly. When hand mixing or machine mixing the Standard Set Type adhesive, all markers shall be aligned and pressed into place within 5 minutes after mixing is started.  When hand mixing Standard Set Type adhesive, not more than one quart shall be mixed at one time.  Any mixed batch which becomes viscous so that the adhesive cannot be readily extruded from under the marker on application of slight pressure shall not be used.  

When the Rapid Set Type adhesive is used, the components shall be mixed by a two component type automatic mixing and extrusion apparatus, the markers shall be placed within 60 seconds after the adhesive has been mixed and extruded and no further movement of the marker will be allowed.  

Automatic mixing equipment for the epoxy adhesive shall use positive displacement pumps and shall properly meter the components in the specific ratio, ±5 percent by volume of either component.  At the beginning of each day and at any other time ordered by the Traffic Engineer, the ratio shall be checked by the Contractor in the presence of the Traffic Engineer. This check shall be made by disconnecting the mixing heads, or using suitable bypass valves, and filling two suitable containers with the unmixed components.  The mixing head shall properly mix two components so that there is no trace of black or white streaks in the mixed material.  

The Standard Set Type adhesive shall not be used when either the pavement or the air temperature is less than 50(F.  The Rapid Set Type adhesive shall not be used when either the pavement or the air temperature is less than 30(F.  No markers shall be installed if the relative humidity of the air is greater than 80 percent or if the pavement is not surface dry.  The Traffic Engineer shall be the judge as to when the adhesive has set sufficiently to bear traffic.  The following table may be used as a guide; however, the times shown may vary, depending upon field conditions:  

	TIME TO BEAR TRAFFIC

	Temperature*

((F)
	Standard Set Type

(Hours)
	Rapid Set Type

(Minutes)

	100
	1-1/2
	15

	90
	2
	20

	80
	3
	25

	70
	4
	30

	60
	5
	35

	50
	7
	45

	40
	No Application Below 50(F
	65

	30
	
	85

	
	
	No Application Below (F


*The temperature indicated is either pavement surface or air temperature, whichever is lower.  The hardness of the rim of epoxy around the marker shall not be used as an indication of the degree of cure of the epoxy under the marker.

Types A and J pavement markers that are used to delineate 10-foot lane stripes shall be installed in sets of four markers as called for on the plans.  Installation of fractional sets (i. e., one, two or three markers) will not be permitted.  The length of the 10-foot stripe and 30-foot gap may vary ±1 foot to properly distribute the spacing of stripes.  

No pavement markers shall be installed over longitudinal or transverse joints of the pavement surface.  

3.03 PAVEMENT STRIPING AND MARKINGS:  Pavement striping and markings shall be of the length, width and placement specified and shall conform to the Department of Transportation Services’ Standards.

Traffic paint shall be applied at a nominal film thickness of 0.015 inch, utilizing a wheeled, hand or self-propelled applicator machine.  The traffic paint applicator machine shall have appropriate shields of nozzle controls which will permit sharp pavement stripe definition.  The traffic paint applicator machine shall have an air stream nozzle which can direct compressed air immediately before the area of paint application for the purpose of cleaning the pavement prior to paint application.

Pavement arrows, legends, and crosswalks shall be applied with appropriate templates (refer to “Traffic Standards Manual” of the Department of Transportation Services, dated July 1976).  

No stripe shall be less than the specified width.  No stripe shall exceed the specified width by more than 1/2 inch.  The length of the 10-foot painted segment for skip stripe may vary ±1 foot and the 30-foot gap between segments may vary ±1 foot.  The alignment of the stripe shall not deviate from the intended alignment by more than 1 inch on tangents and on curves up to and including one degree.  On curves exceeding one degree, the alignment of the stripe shall not deviate from the intended alignment by more than 2 inches.  

When necessary to correct a deviation which exceeds the permissible tolerance in alignment, that portion of the stripe so affected shall be removed plus an additional 30 feet in each direction, and a new stripe then provided in accordance with these specifications.  

All stripes, segments of stripes and markings shall present a clean cut, uniform appearance. All striping and markings which fail to meet the requirements specified herein, or are marred or damaged by traffic or from other causes, shall be corrected prior to acceptance by the City at the Contractor's expense.  All misted areas, dripped and spattered paint shall be removed to the satisfaction of the Construction Manager.  

The freshly painted stripe shall be protected by cones or other satisfactory devices until the traffic paint is dry and will not transfer to car tires.  All stripes damaged by traffic, or pavements marked by traffic crossing wet paint, shall be repaired or corrected as specified below. 

The Contractor shall submit to the Traffic Engineer test specimens as requested.  Test films shall be applied to a suitable plane rigid surface.  The area shall be of sufficient size to permit film thickness measurement to be made at least 1 inch from any edge.  

3.04 REMOVING EXISTING PAVEMENT MARKERS, STRIPING AND MARKINGS:   Existing pavement markers shall be removed by methods that cause the least possible damage to the pavement or surfacing.  

Where specified on the plans and/or directed by the Traffic Engineer, existing pavement striping and markings shall be removed to the fullest extent possible by methods that will not materially damage the surface or texture of the pavement, or leave impressions on the roadway that could be confused with permanent striping during inclement weather or night driving conditions.  Any damage to the pavement or surfacing caused by the removal operations shall be repaired by the Contractor at his expense by methods acceptable to the Traffic Engineer. 

Painting over the existing striping and markings will not be permitted.  Burning off existing striping and markings will be permitted using an approved method using excess oxygen.
Sand or other material deposited on the pavement as a result of removing pavement markers, traffic striping and markings shall be removed as the work progresses.  Accumulation of sand or other material which may constitute a hazard to traffic will not be permitted.  

Extraneous traffic striping and markings shall be removed before any change is made in the traffic pattern.

3.05 PREFORMED PAVEMENT MARKING TAPE:  Preformed pavement marking tape may be applied manually or with the tape applicators approved by the tape manufacturer.  All markings shall be applied in accordance with the tape manufacturer’s recommendations and as specified herein.

The Contractor shall install permanent preformed pavement marking tape only at the locations shown on the plans and as specified herein.

Preformed pavement marking tape shall not be applied over other markings or old paint.  The Contractor shall remove all old markings and otherwise prepare the surface for tape application as specified.

The minimum temperatures for the application of preformed pavement marking tape shall be 60( (15(C) for air and 70(F (21(C) for roadway surfaces, with both temperatures rising.  The maximum temperature shall be 150( (66(C) for roadway surfaces.

The Contractor shall prime existing roadway surfaces with an approved primer immediately prior to the application of permanent preformed pavement marking tape.  The Contractor shall apply the primer as recommended by the tape manufacturer and as directed by the Construction Manager.

The Contractor may use tapes of different widths to form a specified stripe width (i. e., two 4-inch wide tapes may be used to form an 8-inch wide stripe); however, 12-inch wide stripe shall be of a single width and payment shall be made for the specified stripe width as shown on the plans and called for in the proposal.

The Contractor shall use butt splices only and shall not overlap the tape material.

All markings shall be thoroughly tamped with approved mechanical tampers.  Additionally, the Contractor shall slowly drive on the newly applied markings several times with a truck.

All areas marked with preformed pavement marking tape shall be ready for traffic immediately after application.

3.06 REMOVAL OF TEMPORARY TAPE TRAFFIC MARKINGS:   The Contractor shall remove all temporary tape striping placed to delineate traffic lanes, crosswalks, stop bars, etc., prior to the laydown of the finish asphalt concrete mix #4 layer.
3.07 METHOD OF MEASUREMENT:  Pavement markings, including lane striping, will not be measured.

Pavement markers will not be measured.

Crosswalk markings will be measured as complete units of painted crosswalk marking as indicated on the plans and in the proposal. 

Pavement arrows, legends and words will be measured as complete units of the type and design specified on the plans and in the proposal.  

3.08 BASIS OF PAYMENT:  The accepted quantities of the various types of pavement markers will be paid for at the contract lump sum price complete in place.  The price includes full compensation for furnishing all labor, materials, tools, equipment and incidentals, and for doing all the work involved, in furnishing and placing pavement markers complete in place, as shown on the plans, as specified herein or as directed by the Engineer.
Pavement striping, including pavement markings such as stop lines (or stop bars), will be paid for at the lump sum price bid in the proposal which price shall be full compensation for furnishing all labor, materials, tools, equipment and incidentals and for doing all the work involved in furnishing and installing traffic pavement striping complete in place as shown on the plans, including the removal of existing extraneous paint or paint stripe, as specified herein or as directed by the Engineer.  

The quantity of pavement striping noted in the proposal is based on the striping plan.  If the completed work deviates from the striping plan, the unit price for the adjusted striping work will be determined by dividing the lump sum price bid in the proposal by the quantity noted in the proposal.  The lump sum price bid will be adjusted by the amount determined by multiplying the above unit price by the length of striping added or deleted.  The adjusted striping work will be measured as follows:  pavement stripes 12 inches or less in width (including between line spacing) will be measured as a single stripe; pavement stripes over 12 inches wide will be measured as two stripes; and the unpainted spaces, up to 25 feet, between painted stripe segments will be included in the measurement. 

The accepted quantities of crosswalk markings will be paid for at the contract unit price per each thermoplastic or taped crosswalk marking as indicated on the plans and in the proposal, in place complete.  

The accepted quantities of pavement arrows, legend and words will be paid for at the contract unit price per each as indicated in the proposal, in place complete.  

The contract price shall be full compensation for furnishing all labor, materials, tools, equipment and incidentals and for doing all the work involved as shown on the plans, as specified herein or as directed by the Construction Manager.  

Removal of existing pavement markings and markers shall be considered incidental to the various payment items.

END OF SECTION
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